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I. ASTRONOMY

Translations

ai

MASS~SPECTROMETER MEASUREMENTS OF COMPOSITION OF THE LOWER ATMOSPHERE
ON VENUS '

Moscow PIS'MA V ASTRONOMICHESKIY ZHURNAL in Russian Vol 5, No 5, 1979 PP
211-216-

[Article by V. G. Istomin, K. V. Grechnev and V. A, Kochnev, Space Research
Institute USSR Academy of Sciences, submitted for publication 26 February
1979]

Abstract: The descent modules of the "Venera-

11" and "Venera-12" carried out mass-spectrometer
measurements of composition of the Venusian atmo-
sphere. It was established that nitrogen (about
4.5% by volume) is an important component of the
Venusian atmosphere, Isotopes:of argon (mass peaks
36, 38 and 40 a.m,u.), neon (20 a.m.u.) and krypton
(84 a.m.u.) were also registered, The total con-
tent of all argon isotopes was about 150+10-6,
neon -- about 10-10~6 and krypton == about 0.5
10-6, The isotopic composition of argon was very
anomalous in comparison with the argon in the
earth's atmosphere. The abundance of "secondary"
radiogenic 40Ar is equal to the total abundance

of the primary isotopes 36Ar and 38aAr,

[Text] Mass spectrometers were included in the complex of scientific in-
strumentation carried by the descent modules of the "Venera-11" and "Ven-
- era-12." The purpose of the mass spectrometer measurements was a refine-
ment of data on the chemical composition of the lower atmosphere of Venus
with respect to the principal, components,. measurement of the content of
small atmospheric impurities (especially the coatent of inert gases) and,
finally, determination of the isotopic composition of both the principal
components (carbon, oxygen, nitrogen) and inert gases.,
- The first communication on the results of the mass-spectrometer experiment
in the dense Venusian atmosphere ("First Results...," lstomin, et al.,
1979) contained data from a speedy analysis only of a part of the col-
= lected information, processed using calibrations carried out in advance.
- [In the future plans call for carrying out repeated calibrations in the

1
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laboratory using duplicated instruments under conditions as close as pos-
sible to real and with mixtures including a broader range of components
(water, sulfur, etc.).} This communication gives the results of a more
complete analysis of the collected data which is based once again only on
the preflight calibrations of the apparatus. A more complete review of
the material clearly confirms the data from the preliminary analysis and
leaves the already mentioned concentrations of all the registered compon-
ents virtually unchanged. This also applies to data on the lsotopic com-
position, especially to data on the isotopes of argon. At the time of
preparation of this communication we learned of the first results of ex-
periments carried out on the '"Pioneer-Venus" vehicles, so that here some
attention will be devoted to a comparison of the results.
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‘ Fig. 1, Block diagram of mass-spectrometer experiment on descent modules

of the "Venera-11" and "Venera-12."

KEY:
1. Admission valve
2. Mass analyzer
3. Region of velocity head
4, Magnetic discharge pump
5. Electronics unit
6. To telemetric system

The mass spectrometer used aboard the "Venera-11" and "Venera-12" vehicles
was created as a result of further development of the studies carried out
in this direction in the Soviet Union (Istomin, et al., 1975).

The experimental method included the use of .a mass analyzer of the radio
frequency type having a moderate mass.resolution in combinution with an
impulse system for the admission of the gas sample into the mass spectro-
meter, Figure 1 is a block diagram of the mass spectrometer experiment.
The atmospheric components, under the influence of the pressure difference

2
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arising due to the velocity head during descent of the, vehicle freely

passed through the cavity of the admission valve which communicated

with the atwogphere by means of two open lines. During the time between
- successive samplings the valve cavity was repeatedly ventilated by atmo=
spheric gases. The sampling of gas from the cavity was accomplished by
bricf opening of the admission valve. The strictly measured microportion
of gas admitted into the mass spectrometer was evacuated from it by means
of an ion-getter magnetic discharge high-vacuum pump,

[

o
B l'“t ﬂcT
Fig. 2. Fragments of mass spectra in region 12-16 a.m.u. At left -- mass
spectrum of Venusian atmosphere ("Venera-11"), at right -- mass spectrum

of calibration mixture containing 1.57% nitrogen.
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Fig. 3. Fragment of mass spectrum in region 20-105 a.m.u. obtained in a
regime of analysis of inert gases with increased response ("Venera-11").
The mass peaks of neon-20 and krypton-84 are seen at the limit of response.

In the course of the experiment the mass spectrometer is automatically ad-
Jjusted lor admission of the required portion of gas, successively increas-
ing the intensity of the controlling effect on the admission valve. During
the entire time of search for the dose there is transmission of mass spec-
tra. The spectrum scanning time was 1 secc. Upon attaining the required
admission of gas, the instrument is switched to an analysis regime, during
which eight mass spectra are transmitted for each gas portion, after which
the cycle is repeated. The instrument could periodically undergo a regime
of analysis of inert gases with an increased response. The response to in-
ert gases was increcased by a change in the operating regime of the magnetic
discharge pump. In this process the velocity of evacuation of the inert
gases was reduced to zero, whereas the rate of evacuation of chemically
active gases (CO2, nitrogen) remained virtually constant. The gain in
response for the inert gases due to the shifting of the instrument into

3
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a "static" regime was ~20. All even working cycles of the mass spectrometer
accomplished a regime of analysis of inert gases with an increased response.

The mass spectrometers aboard the two descent modules took the first sample
at an altitude of about 23 km and operated until landing took place. The

last gas samples were taken by mass spectrometers at an altitude from 3 to
1.5 km over the planetary surface. The mass spectrometers aboard the de-

scent modules of the "Venera-1ll1" and "Venera-12" each took ll gas samples;

a total of 176 mass spectra were transmitted to the earth. These character-
ized the chemical and isotopic composition of the lower atmosphere on Venus.
The mass spectra were transmitted and registered in analog form. The ion }
current amplifier in the mass sgectrometer had four response scales with
amplification factors 1, 10, 104 and 103. A scale change was accomplished
automatically at the mass peak, due to which the real telemetric record

of the spectrum has an "illegible" form. Examples of the registered mass
spectra are given in Figures 2 and 3 and are discussed below.

Each mass spectrum was preceded by the transmission of five control para-
meters of the mass spectrometer, which included the emission current of
the ion source and the current of the magnetic discharge pump. These con-
trol parameters are shown in the spectra in Fig. 2 in the form of charac-
teristic "steps." .\x
Both mass spectrometers were of an identical design insofar as possible

and this was true both with respect to the technology of their preparation
and tests before installation on the vehicle, and in particular, with re-
spect to their electric characteristics. In particular, great attention

was devoted to the identity of the instruments with respect to the strengths
of the emission currents and the ionizing potential and the retarding poten-
tial. The latter determines the mass number resolution of an analyzer of the
radio frequency type. The ionizing potential was selected in such a way that
in the mass spectra there were no peaks of doubly ionized CO, (peak 22 a.m.u.)
and argon (peak 20 a.m.u.).

The principal characteristics of the mass spectrometer were as follows:

Range of mass numbers 11-105 a.m.u.
Resolution (at the level 0.1) of mass peak amplitude R = M/A M = 355
Scanning time of mass range in search regime 1 sec

Scanning time of mass range in analysis regime 7 sec

Time required for taking gas sample less than 5-10~3sec
Emission current 0.4 mA

Ionizing potential a0 v

Response in % by volume (for small impurities in CO3 in
single spectrum) not less than:

nitrogen 0.2%

neon, methane 5.10"6

argon, krypton 1-10-6
Weight 9.5 kg
Power consumption 17 va
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The instruments remaining in the laboratory were also completely identical
to those installed on the "Venera-l1l" and "Venera-12" vehicles. All instru-
ments were used in carrying out a series of preflight calibrations, the re-

= sults of which were used for a speedy analysis of the flight data. Most of
the calibrations were carried out using mixtures prepared on the basis of
€0y with a high degree of purity (~99.998%); the principal impurity within
the limits of the mentioned purity was nitrogen. The content of inert gases
(for the most part argon) in the initial CO, did not exceed 0.2:10°6 (in vol-
ume) .

The principal model mixture was a mixture containing 1.5% nitrogen, 0.4% oxy-
gen, 175:10-6 argon, and the remainder is COp with a high purity. The mixture
was prepared by means of dilution of €0, with atmospheric air (its composition
is given as prepared). The second used mixture was a mixture with a nitrogen
content ~ 4%, The calibrations with respect to neon and krypton were carried
out using air.

It appears that the principal source of systematic errors in mass spectrometer
determination of composition of the Venusian atmosphere, whose results are
presented below, is the error in knowledge of the composition of model mix-
tures. It appears that an evaluation #10-15% is optimistic, so that the final
result for the principal small components -- nitrogen and argon -- can be
encumbered by systematic errors ~ 20%.

With respect to the components which are discovered at the response limit
(for a single spectrum), such as neon and krypton, the error in their deter-
mination is evaluated on a preliminary basis by a value of the order of
+100%

~-50% .

These errors will possibly be reduced as a result of future work on analysis
of the collected data.

Results. The principal impurity in the Venusian atmosphere, as indicated by
the first mass spectra received, is nitrogen. Its volume concentration is
4.5£0.5%. This figure was obtained on the basis of measurcments of the meas-
ured peak with M = 14 and is confirmed by measurements on both vehicles. The
scatter of individual points in the overwhelming majority of cases falls
within the mentioned error. The result for nitrogen is illustrated by the
fragments of the mass spectra in Fig. 2, which compares the mass spectra for
the Venusian atmosphere and the model mixture with a nitrogen content of 1.5%.
It can be seen that the peak with M = 14 (nitrogen) in the spectrum of the
Venusian atmosphere has a far greater value than in the spectrum of the cali-
bration mixture (it is convenient to compare peaks with M = 14 and 13 -- the
isotope 13c).

The nitrogen content cited above in general is also confirmed by measurements
of the [=ak with M = 28. This peak is the sum of the mass peaks of nitrogen
N2+ and the CO* secondary peak arising as a result of the dissociative ion-

- ization by CO2 electrons. In the case of measurements from the peak M = 28

5
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the scatter of individual experimental points in a considerable number of
cases exceeds the limits of error by 0.5%. The reasons for this are being
analyzed.

The concentrations of all other impurities in the Venusian atmosphere, both
chemically active gases and vapors, do not exceed several hundredths of a
percent by volume.

Thus, water vapor, chlorine and sulfur are discovered mass-spectrometrically
almost at the limit of response for one spectrum. Water vapor is manifested
in the "excesses" of the peaks with M = 18 and 17 above the values caused
by the "normal" isotopic composition of oxygen. Chlorine is discovered in
in some mass spectra as a weak peak with M = 35, and sulfur -~ in the form
of an "excess" of the mass peak with M = 32, above the value caused by the
contribution of O,% ions in the ion source of the instrument due to dissoci-
ation with ionization of CO;. Due *o the fact that there were no preliminary
calibrations of the mass spectra for water, chlorine, sulfur and compounds
of the latter two, these data must be regarded as very preliminary. A quan-
titative estimate of the content of these small impurities for the time
being has not been made. The excess in the mass peak with M = 32 can be at-
tributed also to the molecular oxygen in the Venusian atmosphere. The presence
of sulfur vapor in the Venusian atmosphere is far more probable than the
presence of free oxygen. However, in the light of recent chromatographic
] measurements by Oyama (1979), according to which, in the lower atmosphere
of Venus there was molecular oxygen in a concentration of about 60:10-6, the
excess in the mass peak with M = 32 which we registered can be attributed,
- with some difficulty, also to free 03. In any case, some identification
seems all the more necessary because optical spectrophotometric measurements
made simultaneously on the "Venera-1l" and "Venera-12" (Moroz, et al., 1979)
reveal an exceedingly low upper limit for gaseous sulfur in the lower atmo-
sphere of Venus.

The mass spectrometer registered a number of inert gases in the Venusian at-
mosphere, specifically: three isotopes of argon (36, 38 and 40 a.m.u.), neon
(20 a.m.u.) and krypton (84 a.m.u.). The isotopes of argon can be seen clear-
ly on the cited fragment of the mass spectrum in Fig. 3. It can be seen that
the isotopic composition of argon is very "anomalous" in comparison with the
argon in the earth's atmosphere. The abundance of "secondary" (radiogenic)

- isotope 40ar in the Venusian atmosphere is equal to the total abundance of
the "primary" isotopes ~°Ar and 38pr. As is well known, in the earth's at-
mosphere the isotope 40apr is 300 times more abundant than the isotope >°Ar.
The ratio of abundances of both "primary" argon isotopes in the Venusian
atmosphere, on the other hand, is the same as for argon in the earth's at-
mosphere.

The more precise values for the relative abundances of argon isotopes in
the Venusian atmosphere are as follows (%):

36ar 42+2; 38ar 8  2; 4%r 50 %2.
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‘The total content of argon isotopes is estimated on a preliminary basis
at (150 & 50)-1076,

- The content of tge neon isotope (ZONe) is (10-15)-10‘6, and krypton 84Kr
is (0.5-0.8)+107°, (In the first publication ("First Results...," 1979)
the krypton content was erroneously exaggerated by one order of magnitude.)

In the spectrum shown in Fig. 3, in ..dition to the mentionecd components
(argon, neon, krypton and the secondary peaks of CO and COj) there is a

K group tagged by (Xe**). This is the xenon introduced into the instrument
and serving as a reference for the mass scale.

Measurements of the total abundance of argon isotopes made aboard the "Ven~
era-11" and "Venera-12" agree satisfactorily with the data published by
Hoffman, et al. (1979), obtained aboard the "Pioneer-Venus" vehicle (on

a large probe) and agree with the data published by Von Zahn, et al. (1979),
measuring the isotopes of argon on the entry vehicle in this same experiment.

For the time being we do not understand the absence of mass spectrometer -
data on the nitrogen content in the lower atmosphere of Venus (Hoffman, et
al., 1979). Our nitrogen data agree well with the result of the first anal-
ysis with a gas chromatograph on a large probe, the "Pioneer-Venus," although
the authors themselves (Oyama, et al., 1979) consider the third chromato-
graphic aralysis to be the most reliable.

A further analysis of the collected data requires carrying out . new series
of calibrations of the remaining instruments and the processing of mass
- spectra on an electronic computer, as a result of which there will be a
decrease in the noise interference level. It can be hoped that there will
be a decrease in the error in determining the absolute abundances of all
the mentioned components and there will be refinement of determination of -
- the "excesses" of the mass peaks with M = 17, 18 and 32 a.m.u., and also
the isotopic composition of the principal components of the Venusian atmo-
sphere -- carbon, oxygen and nitrogen.

The success in formulating and carrying out this study in different stages
- of its development was facilitated by M. A. Berezhkovskiy, S. V. Vasyukov,
I. A. Kalinin, V. G. Klimovitskiy, V. M. Kondrat'yev, G. N. Levin, M. L.
_ Libman, L. N. Ozerov, V. A. Pavlenko, V. G. Perminov, M. Ye. Slutskiy,
S. I. Torbin, I. I. Chemeris, V. F. Shkurdod, Yu. A. Shul'chishin, 0. N.
Yakovlev and many others. The authors express deep appreciation to all of
them.
BIBLIOGRAPHY

Istomin, V. G., Grechnev, K. V., Ozerov, L. N., Slutskiy, M. Ye., Pavlenko,
V. A., and Tsvetkov, V. N., KOSMICH. ISSLED. (Space Research), 13, 16,
1975.

Mcroz, V. I., Moshkin, B. Ye., Ekonomov, A. P., San'ko, P. F., Parfent"yev,
N. A., Golovin, Yu. M., PIS'MA V AZH (Letters to the Astronomical Journal),
5, 222, 1979.

7

FOR OFFICTIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5

FOR OFFICIAL USE ONLY

Oyama, V. I., Carle, 4. C., Woeller, F., Pollack, J. B., SCIENCE, 203,
802, 1979.

"First Results of Scientific Experiments on the 'Venera-11l' and 'Vehera-12',"
PIS'MA V AZH (Letters to the Astronomical Journal), 5, 3, 1979.

Hioffman, Y. M., Hodges, R. R., Jr., McElroy, M. V., Donahue, T. M., Kolpin,
M., SCIENCE, 203, 800, 1979.

von Zahn, U., Krankowsky, D., Mauersberger, K., Nier, A. 0., Hunten, D. M.,
SCIENCE, 203, 768, 1979.

COPYRIGHT: Izdatel'stvo "Nauka," "Pis'ma v AZH," 1979

(429]

8

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5

FOR OFFICIAL USE ONLY

ANALYSLS OF THE CHEMICAL COMPOSITION OF THE VENUSIAN ATMOSPHERE ON THE
AUTOMATIC INTERPLANETARY STATION "VENERA-12" USING A GAS CHROMATOGRAPH

Moscow PIS'MA V ASTRONOMICHESKIY ZHURNAL in Russian Vol 5, No 5, 1979
pp 217-221

- [Article by B, G. Gel'man, V. G, Zolotukhin, N. I. Lamonov, B. V. Levchuk,
L. M. Mukhin, D. F, Nenarokov, B, P, Okhotnikov, V. A, Rotin and A, I.
Lipatov, Space Research 1lnstitute USSR Academy of Sciences and All-Union
Scientific Research Institute of Multisided Automation of the Petroleum
and Gas Industry, submitted for publication 26 February 1979]

Abstract: The paper gives a description of

a chromatograph experiment carried out on
the descent module of the automatic inter-
planetary station "Venera-12." Eight anal-
yses were made of the chemical composition
of Venus, beginning with an altitude of 42
km and to the surface of the planet. There
was found to be nitrogen in a concentration
2,540.57% by volume, argon in a concentration
(4£2)+10-3% by volume, CO in a concentration
(2.841.4)+10-3% by volume and SO2 in a con-
centration (1.3%0.6)+10-2% by volume. The
upper limits for the content of oxygen and
water vapor were estimated: 2.10-3 and 10-2%
by volume respectively.

[Text] The "Sigma" gas chromatograph was installed aboard the descent mod-
ule of the "Venera-12" automatic interplanetary station for investigating
the chemical composition of the Venusian atmosphere, The distinguishing
characteristic of the "Sigma" chromatograph is the use of a highly sen-
sitive ionization detector (with a source of ;9-radiation). It is based
on the Penning effect in rare gases (Rotin, 1974), The choice of the de-
tector to a considerable degree determined the overall structure and met-
rological characteristics of the chromatograph.

Figure 1 is a block diagram of the "Sigma" chromatograph. The analysis of
the gas sample and the calibration mixture were carried out using three
sequentially placed columns and detectors. The first column, 2 m long,

9
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filled with modified polysorb, was intended for separation of the sulfur
- compounds 1158, €08, £05 and water vapor in the carbon dioxide. In a second
' column, with a length of 2.5 m, with molecular sieves, there is separation
of gases with a low boiling point =- helium, hydrogen, argon with oxygen,
nitrogen, krypton, methane and carbon monoxide (Kiselev and Yanshin, 1967) .

In order to determine the argon content we used a third column, a reactor
with a length of 1 m with reduced manganese.

The response threshold for all three detectors in pure neon in a saturation
current regime was at the level 10~54 by volume, which e¢nsured an analytical
response at the level 1043 by volume with a volume of the working dose up
to 1 em3 (Okhotnikov, et al., 1978).

The construction of the sampling unit preciluded the possibility of the entry
into the chromatograph of the gases released from the skin of the descent
module. All the detector columns, and also the input reducer of the sampling
unit, were placed in a special thermostat, whose temperature in the measuring
regime was 70:1°. This same thermostat held electrometric amplifiers and
voltage-—frequency converters, which together with a source of d-c¢ voltage
constituted the measuring circuit of the ionization detectors.

In connection with the high response of the ionization detectors to impurit-
ies in the carrier-gas some units in the chromatograph, after carrying out
a cycle of surface calibrations, were sealed in order to prevent the inflow
of contaminating gases during the storage period and testing and flight per-
iods. .

The program for operation of the "Sigma" chromatograph on the descent mod-
ule of the "Venera-12" automatic interplanetary station included the follow-
ing operations.

Approximately 4 hours prior to entry into the Venusian atmosphere the shut-
off devices on the cylinder with the carrier-gas and the gas discharge

line were opened, the thermostat for the columns was activated and for a
period of four hownrs the chromatograph was scavenged by the carrier-gas. Af-
ter entry into the dense layers of the atmosphere, during descent from 65
to 54 km from the planetary surface, the device for taking the samples was
unsealed, the shut-off device on the line for the calibration mixture was
opened and the analysis control cycle was prepared. At these altitudes the
absolute pressure in the Venusian atmosphere was less than 1 kg/cmz. Ac-
cordingly, for a control analysis no sample was taken from the atmosphere,
but the carrier-gas with the contaminants present in the instrument was fed
for analysis.

During descent of the descent module of the "Venera-12" station from an al-
titude of 42 km to the moment of landing there were a total of eight analy-
ses of the planetary atmosphere. Fifty-four chromatograms were obtained.
Eighteen of these corresponded to a determination of sulfur compounds and

10
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27 corresponded to an analysis of gases with a low boiling point.
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Fig. 2. Chromatogram of Venusian atmosphere. The dashed line defines
- on the high response scale (exaggerated by a factor of 10).
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Information on the results of a chromatographic analysis in analog form =

was transmitted through telemetric channels and simultaneously chromatograms
of the first three analytical cycles were recorded in the instrument memory.
The typical appearance of the chromatograms is shown in Fig. 2.

An analysis of a coutrol chromatogram and chromatograms of the Venusian
atmosphere reliably indicated the presence in the investigated samples not
only of the main component =- carbon dioxide -- but also the impurities N2, »
Ar, CO, SO,. These components were identified from the retention times.

Due to the partial oxidation of the manganese reactor the identification

of argon was accomplished on the basis of the neon detector signal sign.

A quantitative interpretation of the registered chromatograms required al-
lowance for change in the purity of the carrier-gas and contaminations of
the gas lines in the chromatograph during the pexiod of its storage and
during the flight to the planet. An investigation of operation of the neon
detector in a saturation current regime with different degrees of contam-
ination of the carrier-gas indicated the possibility of distortions of the
calibration curves in the threshold region of concentrations leading to the
appearance of negative signals for substances with a high ionization poten-
tial: argon, nitrogen and sulfur gas. This peculiarity made it possible not
only to identify the Ar peak, but also to check the calibration character-
istics of the chromatograph under the same contamination conditions under
which the instrument operated.

The calibration characteristics were checked with the working values of pres-
sure, temperature and discharge of the carrier-gas. For the purpose of
excluding the influence of activity of # -sources on the characteristics of

- the calibration curve the heights of the peaks of the substances to be an-
alyzed were normalized to the values of the maximum signal of the detector
relative to the hydrogen of the calibration mixture, CO, and Nj.
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In an analysis of gases with low boiling points the second and third de~
tectors duplicated the readings, although they had f3 -sources of differ-
ent activity and operated under conditions of different contaminations.
This circumstance made it possible to carry out independent computations of
the studied components.

The heights of the nitrogen peaks on chromatograms of the Venusian atmo-
sphere were 40 and 32% of the maximum signal for the second and third de-
tectors respectively. Despite such an important difference, the measured
nitrogen concentrations according to independent calibration curves coincid-
ed (Fig. 3). A similar method was used in checking the calibration curves
for the remaining components.
~

The oxygen content could not be determined reliably due to partial oxidation
of the manganese reactor. However, laboratory checking of the characteris-
tics of the neon detector in the operating regimes of the "Sigma" instru-
ment indicated that the negative signal from argon is reproduced only in
a case when the oxygen concentration in the mixture is appreciably less

- than the argon concentration. Specifically this circumstance gives basis
for assuming that the oxygen concentration in the Venusian atmosphere is at
least less than 2:1073% by volume.

Due to the heavy overloading of the first detector the sulfur compounds
should be manifested in the tail of the chromatographic peak of carbon di-
oxide. Therefore, for the quantitative computation of the concentration of
the detected sulfur gas the normalized calibration curve was determined from
an analysis of model mixtures prepared on the basis of carbon dioxide.

The results of an analysis of the Venusian atmosphere using the "Sigma" gas
chroimatograph are given in the table.

An estimate of the water vapor concentration in the planetary atmosphere
caused some difficulties, since a control analysis indicated the presence
of characteristic moisture in the instrument. As a result, a detailed anal-
ysis of the chromatograms makes it possible to indicate only the upper limit
of the water vapor concentration. According to preliminary estimates, the
moisture content in the Venusian atmosphere at all altitudes where the meas-
urements were made is less than 0.01% by volume.

It is of interest to compare the results of the "Sigma" instrument and the
AMS gas chromatograph aboard the "Pioneer-Venus' automatic interplanetary
station (Oyama, et al., 1979). In general, the coincidence of the results
is good, although there are two components for which there are considerable
differences in the measured concentrations. These are oxygen and water vapor.
The characteristics of the "Sigma" neon detector are such that in the ranage
of argon concentrations 60-10”° its chromatographic peak is inverted. How-
ever, the oxygen peak in the entire measured range of concentrations is

- always positive. Therefore, if oxygen is present in a quantity 60'10'6, a
negative argon peak cannot be obtained on the "Sigma" chromatogram. This
fact was established by laboratory experiments.
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The water vapor content determined using the "Pioneer-venus" gas chromato-
graph (up_to 0.5%) is obviously exaggerated because the "Sigma" instrument
surely would have registered such quantities of water vapor.

A refinement of the results of analysis of the concentratlons of water vapor
and oxygen, and also an identification of peaks hypothetically corresponding
to the presence of hydrogen and carbon bisulfide, require computer process-

. ing of the chromatograms and additional laboratory modeling of operating con-
ditions for the "sigma" instrument. These investigations are now being carried
out.
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SPECTROPHOTOMETRIC EXPERIMENT ON THE DESCENT MODULES OF THE "VENERA-11" AND
"VENERA-12": SOME RESULTS OF ANALYSIS OF THE VENUSIAN DAYTIME SKY SPECTRUM

Moscow PIS'MA V ASTRONOMICHESKIY ZHURNAL in Russian Vol 5, No 5, 1979 pp
222-228

[Article by V. I. Moroz, B. Ye. Moshkin, A. P. Ekonomov, N. F. San'ko, N. A.
Parfent'yev and Yu. M. Golovin, Space Research Institute USSR Academy of
Sciences, submitted for publication 26 February 1979]

Abstract: The descent modules of the "Venera-11"
and "Venera-12" during the course of descent in

the atmosphere (from an altitude of €5 km to the
surface) registered the spectra of the.daytime sky
of Venus in the range from 4500 to 12 000 A and

the angular distribution of the brightness of scat-
tered radiation (in four filters). The spectra show
the absorption bands of CO», H20 and some absorp-
tion in the blue-green part of the spectrum prob-
ably belonging to gaseous sulfur. An abundance
[H20] : [CO2]%2 2°10~5 was observed in the lower

scale height region. If the identification of sul-~
fur is correct, its abundance is ~ 108 1in this
same region of the atmosphere. About 6% of the
total solar flux reaches the planetary surface.

The lower cloud boundary is situated at an alti-
tude ~/47-48 km. The clouds have a layered struc-
ture.

[Text] Solar radiation penetrates into the deep layers of the Venusian at-
mosphere, despite its great optical thickness. It is repeatedly scattered
in the cloud layer and the atmosphere beneath the clouds; direct solar
radiation cannot be detected in the depths of the atmosphere, but scatter-
ed radiation can be rather intensive in some parts of the spectrum. An ap-
preciable fraction of the flux reaches the surface and as a result, due to
the great opacity of the atmosphere for thermal radiation, a strong green-
house effect arises, which explains the high surface temperature.

An objective of the described experiment w.s measurement of the spectral and
angular distribution of the energy of scattered radiation in dependence on
altitude using an instrument carried aboard the descent module.
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The interpretation of the experimental results will make it possible to solve
problems of three types: 1) determination of the radiation influx of energy
as a function of altitude, which is necessary for uaderstanding the heat
balance and atmospheric dynamics; 2) determination of cloud layer structure;
3) clarification of the nature of the different absorbing agents present

in the Venusian atmosphere in the gas and aerosol phases,
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Motor & 11 l ] ] M~TA Heat
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Fig. 1. Diagram of optical-mechanical unit (sensor) of spectrophotometer.

The first experiment with measuring the radiation flux in the deep layers
of the Venusian atmosphere was carried out on "Venera-g" in 1972 (Avduyev-
skiy, et al., 1973), Measurements of the flux from above were made in a
band with a width of about 2500 A centered at a wavelength of 6500 A, For
the "Venera-9" and "Venera-10" two different groups carried out two differ-
ent experiments for investigating the field of scattered radiation in the
atmosphere. In one of them (Avduyevskiy, et al., 1976; Ekonomov, et al.,
1978) measurements were made of the fluxes from above and below using five
broad (~1000 A) filters covering the interval from 0.5 to 1.2pum. In the
second experiment (Moroz, et al.) measurements were made of the intensity
of radiation with three narrow (~50 A) filters centered on the COz, H0

bands and the segment of the continuous spectrum in the interval 8000-9000
A.

The efforts and experience of both groups were combined in preparing the
new experiment aboard the "Venera-11" and "Venera-12." As a result, a new
instrument was created having essentially new possibilities (Fig. 1). The
instrument consists of two functional units —- spectrometer and scanning
photometer. The radiation enters the spectrometer through a flexible light
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conductor €] recelving radiation from the zenith reglon at an angle of

about 15°. It passes through a sealed window 01, a wedge interference filter
WIF and by the lens Lj is collected by the detector D1 (germanium photo-
diode). The ring-shaped wedge interference filter consists of two half-rings,
one of which analyzes the region from 4500 to 7000 A with a resolution of
ahout 200 A, the second == the region from 7000 to 12 000 A with a resolu~-
tion of about 400 A, The external diameter of the filter is 50 mm. A disk
with a wedge filter rotates with a period of 10 sec; it is driven into
motion by a motor M through a reducer. In the same disk as the WIF there

are four wide glass filters ¥ made in the form of sectors of 90° and dis-
criminating broad spectral intervals centered at 4900, 7100, 10 000 and

13 000 A. The radiation received by the scanning photometer passes through
these filters and the lens L2 and reaches the detector Dj. The scanning is
accomplished in the vertical plane and is accomplished by the rotation of
the slanted mirror M about the horizontal axis, use being made of a high-tem-
perature stepped motor SM.
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Fig. 2. Normalized spectra of scattered solar radiation in depths of the
Venusian atmosphere at different altitudes above surface. Along x-axis --
wavelength, along y-axis =~ relative intensity (as a standard in normaliz-
ation use was made of the spectra at altitudes 63-65 km). The figures near
the curves represent altitude above the surface.
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The radlation reflected from the mirror Mir is directed to the window 07
through the light conductor Cy, The scanning period 1is about 1.5 sec.

The container Con was mounted on the outside of the descent module and was
rated for operation under the conditions prevailing in the Venusian atmosphere
down to the surface (100 atm, 750°K); assurance of the thermal regime is ac-
complished autonomously (heat insulation and heat accumulator HA), The con-
tainer protects the main optical elements and the preamplifier housed in it;
its internal volume is about 0.5 1iter. The main part of the electronie cir-
cult (amplifiers and converter) is situated in the electronic unit within

the descent module. We note that for investigating the radiation field in

the depths of the Venusian atmosphere the American craft "Pioneer-Venus" made
use of a more primitive instrument, in general, similar to the wide~band
photometer on the "Venera~9" and "Venera-10."

As a result of the carrying out of experiments aboard the "Venera-11" (25
December 1978) and the "Venera~-12" (21 December 1978) it was possible to
obtain approximately 300 spectra and angular scans for each vehicle, with
total spectrophotometric sounding of the Venusian atmosphere from an alti-
tude ~/ 65 km to the surface. The measurements were made near the equator
with a solar zenith distance ~ 20°. More detailed information on the char-
acteristics of landing sites are given in the communicattion "First Results
«+." (Barsukov, et al., 1979), The descent from an altitude of 65 km to the
surface lasted 62 minutes.

In the stuge of preliminary processing we used as a standard the spectra ob-
tained in the upper part of the cloud layer.

The spectral intensities within the range of ~10-20% do not differ (except

for the blue part of the spectrum) from those which would be characteristic

of the radiation reflected from a Lambert screen illuminated by the sun. Fig-

ure 2 shows some characteristics of spectra related to this conditional stan~
_ dard. The spectra are given schematically. We have not shown some faint de-

tails whose reality requires additional checking. The altitude tie-in is pre=-
liminary.

The intensity of the radiation is attenuated with descent at all wavelengths
to an altitude of 47-48 km, that is, within the cloud layers. Weak but en-
tirely reliable depressions which are gradually intensified can be seen.
These are the absorption bands of CO2 and Hy0 and some absorption in the
blue part of the spectrum.

After passage through the level 47-48 km the spectral changes (both in abso-
lute value and in distribution) cease for some time. The spectra at alti-
tudes of 38 and 47 km are virtually identical. We attribute this to being a
result of emergence from the cloud layer. The first 10 km of the atmosphere
under its lower boundary almost add nothing to the measured intensity. On
the "Venera-9" and "Venera-10" the lower boundary of the cloud layer was
registered (Avduyevskiy, et al., 1976; Marov, et al., 1976; Moroz, et al.,
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1976; Ekonomov, et al., i978) at a close altitude (49-50 km), but below
the boundary there wag some wgpker scattering medium,

Below 38 km and to the surface the intensity of the CUp and H20 bands sys-
tematically increases, In addition, a steep drop appears in the blue-green
spectral reglon -- stronger than Rayleigh scattering can give. We can men=-
tion several molecules =-- gaseous sulfur, Brj, NOy -~ which with a very
small abundance (10"8--10"9 relatlve to €02) cun be responsible for this ab-
sorptlon. .

As a first step in the interpretation of data obtained in the spectrophoto-
metric experiment aboard the "Venera~11" and "Venera-12" it was decided

to carry out an analyslis of the transmission spectrum for the atmosphere
below the clouds. The measured dependence of the ratio of intensities at
altitudes 0 and 47 km on wavelength (reference is to the planetary surface
and the lower boundary of the cloud cover) was compared with the computed
dependence for the following model: a homogeneous CO7 layer with an admix-
ture of a small quantity of Hp0 (variable parameter in the model), pres-
sure in the layer equal to pressure at the surface (91 atm), thickness of
the layer equal to the altitude of the homogeneous atmosphere. The trans-
mission of such a layer for a diffuse source is equal to

AVF AV
pT = po(p'l Pﬂv a, fo) + T— AW + et (1 + r:‘;l'ﬁ))s

where X = 0,7 is the mean value of the cosine of the angle of incidence, fip
=1 is the cosine of the sighting angle (the optical axis of the spectrophot-
ometer was orlented to the zenith), a = O°/(0'+ k) is the albedo of single
scattering, O = 8.07:10=7 A4 cm~l is the coefficient of Rayleigh scatter-
ing for €Oy ( A is wavelength inpm), k is the total absorption coefficient
(COp, Hp0, SptSg, etc.), T is the optical thickness, Lol Bo, a, T) is
the brightness coefficient tor scattered radiationm, e~*® 1s the brightness
coefficient for direct radiation attenuated by extinction, A is albedo

of the surface. The optical thickness of the layer 170 for Rayleigh scat-
tering varies in the range, approximately, from 0.8 (A = 12 000 A) to 40
() = 4500 A). The terms including AV/(l - AW) take into account re-reflec-
tion between the surface and the gas layer. The corresponding auxiliary
functions V, W, F were computed using the asymptotic formulas of scatter-
ing theory cited in a study by Danielson, et al. (1969). The Lol H2s
a, Tg) values were computed by two methods: first -- computations using
the rigorous formulas of the theory of multiple scattering of light using
the Chandrasekar auxiliary functions for the Rayleigh indicatrix x(7y) =
3/4(1 + cosz7’) and second -- computations using the asymptotic formulas
published by Danielson, et al. (1969) on the assumption of a spherical
indicatrix. Both methods give extremely close results when a> 0.95 and

L > 4. With lesser T and a values use was made of £ obtained by the

first method; the second method was used primarily for extrapolation into
the reglon of large T, for which there are no tabulated data for the X-,
Y-functions (the Sweigart tables, 1970, were used).
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The €Oy absorption coefficlents were taken using the computations of
Gal'tsev and Osipov (which served as a basis for a study by Gal'tsev,

et al., 1976), For the H20 absorption coefficlents we did not find the
necessary data in the literature (A< 1.2 jum, temperature 700-750 K and
high pressures). We measured these absorption coefficients in the labor=
atory using a high~-temperature absorption cell with a length.of 1 m with
a l30 content on the line of sight 0.36 g-cm"2 and a spectral resolution
from 4 to 8 A. The pressure in the cell was ~12 atm, which from the
point of view of line broadening satisfactorily simulates the lower atmo-
sphere of Venus (the self-broadening coefficient for H20 relative to COp
is about 4 and the width of the lines in our cell should be the same as
in the Venusian atmosphere at an altitude of approximately 10 km). The
rotational structure of the H,0 bands in the lower layers of the Venusian
atmosphere should be strongly smoothed, and in the CO2 bands -- virtually
absent.

A comparison of measurements with model computations (made with 50 A aver-
aging) indicated that within the limits of lower scale height of the Ven-

usian atmosphere
[Haol H [COg] =~ 2.1078,

Some uncertainty in the estimate is attributable to the neglecting of the
rotational structure of Hp0 and inaccuracies in the employed values of the
coefficients of continuous absorption of CO2 caused by the wings of the
distant bands. We are convinced that the true abundance of H20 differs
by no more than a factor of 2 from that cited above. Our result does not '
colincide with the results of measurements on "Pioneer-Venus" (Oyama, et
al., 1979), according to which at an altitude of 34 km there is 0.5%, and
at an altitude of 24 km -- 0.135% Hy0. There is assurance that with a Hy0
content of 0.1-0.5% the spectrum of the atmosphere below the clouds would
have a completely different form. Accordiug to preliminary estimates ob-
tained on the basis of our spectra, the H20 content in the Venusian atmo-
sphere at any altitudes does not exceed a level of about 10~4.

Absorption in the reglon A< 6000 A is most satisfactorily attributable to
the absorption of gaseous sulfur, although the possibility of a contribu-
tion of other molecules (such as Brp, NOy) also cannot be precluded. The
poorly expressed but probably real structure of the measured spectrum
which exists in this region agrees with sulfur. We carried out laboratory
measurements of the absorption of gaseous sulfur at temperatures 600-800
K and obtained spectra which show similar details. If this identification
- is correct, then the relative abundance 1is

[S5) 4 Ss] - [Sal -+ [Ssl ~ 10",
[CO,)

We note that with the indicated temperatures all the enumerated modifica-
tions of sulfur are present. Such low estimates for the content of gaseous
sulfur in the atmosphere beneath the clouds probably create difficulties
for hypotheses attributing "UV" absorption in the clouds to the presence
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of the sulfur condensed there (Young, 1977). If we set aside the mentioned
faint details in the measured spectrum, the "blue dropoft" can also be
attributed to the presence of bromine molecules with a relative abundance
of 10~10 and NO, of approximately 3:10~10, In any case, the mentioned
abundances of sulfur, bromine and NO» can be regarded as the upper limits,
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Fig. 3. Normalized intensity as a funﬁcion of altitude for several wave-
lengths. The dashed line represents the lower boundary of the cloud layer.

In the region from 6000 to 7000 A the albedo of single scattering in the
Venusian lower atmosphere is in the range from 0.999 to 1,000. In this sector
about 10% of the sunlight reaches the surface. The fraction of the total (in-
tegrated in the spectrum) solar flux reaching the surface is about 6%.

Figure 3 schematically shows the dependence of intensity at the zenith for
several wavelengths on altitude (also on the basis of spectrometer data).
In addition to the sharp lower boundary of clouds it is possible to see
intermediate boundaries, evidently reflecting the complex vertical struc-
ture: at least three layers can be discriminated there. The mentioned
presence of some vertical structure in the clouds was noted earlier in

the experiments on the "Venera-Y" and "Venera-10" (Avduyevskiy, et al.,
1976; Marov, et al., 1976; Moroz, et al., 1976). An analysis of the data
on cloud cover characteristics obtained in this experiment will be pre-
sented in subsequent communications.

The preliminary results cited here demonstrate the possibilities of the
spectroscopic method in application to the chemical analysis of the Ven-
usian lower atmosphere. Even with a regolution of 200~400 A for some com~
ponents it is possible to obtain responses of 10'10-10‘8, which cannot be

_ achieved with on-board mass spectrometers and gas chromatographs. An in-
crease in resolution by an order of magnitude considerably broadens these
possibilities.
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The contradictions with respect to Hy0 are not limited to the discrepancy
between the American chromatograph and our spectrophotometer, Up to 2%
1120 was obtalned using chemical gas analyzers aboard the "Venera=4," "Von-
era=5" and "Venera=6" (Vinogradov, et al,, 1970), These results geem to be
questlonable, but o prineiple the possibility of strong local and temporal
varlatlons s not excluded, There is a need for further investigations with
the ugse of some standard and absolutely reliable method. As indicated by

. available experience, with the uge of direct chemical analyses a spectro-
photeuetric control will be very useful,
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ELECTRIC DISCHARGES IN THE VENUSIAN ATMOSPHERE

Moscow PIS'MA V ASTRONOMICHESKIY ZHURNAL in Russian Vol 5, No 5, 1979 pp
229-236 '

[Article by L. V. Ksanfomaliti, N. M. Vasil'chikov, O. F. Ganpantserova,
Ye. V. Petrova, A. P. Suvorov, G. F, Filippov, 0. V. Yablonskiy and L. V.
Yabrova, Space Research Institute USSR ‘Academy of Sciences, submitted for
publication 26 February 1979) .

Abstract: The article gives a preliminary an-
alysis of some results obtained when measur-
ing the electric activity of the Venusian at-
mosphere aboard the descent modules of the
"Wenera-11" and "Venera-12," For the first
time it was possible to register the low-fre-
quency electromagnetic radiation of the Venus-
ian atmosphere, évidently associated with el-.
ectric discharges in the cloud layer situated
at altitudes 50-70 km. The energy in the dis-
charges is of the order of magnitude of the
energy released in discharges of terrestrial

- lightning. The extent of one of the thunderstorm
regions was close to 150 km horizontally and
2 km vertically. The mean frequency of recur-
rence of the discharges attained 20 sec™l or
more, which greatly exceeds the frequency of
discharges in terrestrial thunderstorms. Dur-
ing the period of the investigations thunder-
storm phenomena on Venus had a local, nonglobal
character.

[Text] One of the problems investigated in the study of Venus is the or-
igin of small components of its atmosphere, including those containing
sulfur. The role of thunderstorm electric discharges in the formation of
such components of the earth's atmosphere as nitrogen oxides, ozone and
others is well known. It has also been established that in the early stage
of evolution of the earth's atmosphere the discharges led to the appear-
ance of primitive organic compounds. It can be postulated that thunderstorm
24
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discharges can play an important role in formation of small components
In the Venusian atmosphere. Favorable conditions for the accumulation
of charges create intensglve movements at the level of the cloud layer
of Venus,

The putpose of one of the experiments on the descent modules of the "Ven~
era=11" and "Venera~12," which received the name "Grozu," was an invest=
lgation of the electric activity in the planetary atmosphere ("Flrst Re=
sults,os," Keanfomaliti, et al., 1979), turing the period of preparation
of the experiment, ludependently of ug, Hara (1976) presented the idea of
probable thunderstorm activity on Venus.,

The "Groza" instrument represented a miniaturized superlong=wave spectrum
analyzer operating in the range 8-100 KHz with a high threshold response
supplied with an external loop anteunna, There were four frequency channels:
10, 18, 36 and 80 KHz with bands with a width of 1.6, 2.6, 4.6, 14,6 KHz
respectively. The spectrum analyzer was supplied with two integral diserim=-
inators with scaling devices for 64 and 256 units, with an AVC unit and
buflt=in calibration. We note that some initial data were absent in the
preparation of the experiment. ‘The instrument was activated at an alti=-
tude of about 60 km and operated during descent and at the planetary sur-
face after the landing.

Radio noise extremely similar to the terrestrial atmospheric radio noise
arising during thunderstorm electric discharges was registered. Compar-
Ison of the development of radio noise bursts during descent of the two
vehicles along identical paths in one and the same region of the planet

ls possible on the fragment of the telemetrie record in Fig. 1. The

praphs were constructed as a function of Moscow time of reception of in-
formation at the earth. Along the vertical we have plotted field strength
in each of the frequency channels. Due to the compressed horizontal scale
and small time constant of the instrument (0.24 sec) the registered dis-
charges have the form of vertical lines. During the descent of "Venera-11"
the thunderstorm phenomena were extremely intensive, with frequent dis-
charges, whercas during the descent of the "Venera-12" the thunderstorm
conditions were calmer. In order to avoid misunderstanding, we note that
in speaking about a thunderstorm we have in mind only electric discharges
in the atmosphere similar to terrestrial lightning, and not the falling

of any precipitation. Figure 1 clearly shows the development of a large
burst consisting of thousands of individual discharges. The telemetric
records contain a large number of such phenomena. Of particular interest
are groups of bursts which passed from the frequency channels 80 and 36
Rz into the channels 18 and 10 KHz with a delay of several minutes. Under
the conditions of an extremely weak dipole magnetic field of Venus such a
delay requires special explanation. The strength of the electromagnetic
ficld of radio noisc at altitudes less than 3 kn and at the surface was,
with onc exception, very small, which can be attributed to radiorefraction
in the dense atmosphere of Venus. This was first mentioned by V. V. An-
dreyanov, to whom the authors express appreciation for useful discussion.
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Fig. 1. Comparison of registered elcetric activity of the Venusian atmosphere
during the descent of the "Venera-12" (two lower graphs) and "Venera-11"
(four upper graphs) vehicles. The altitude scale applies to both vehicles.
The signal was registered in the bands 1.6, 2.6, 4.6 and 14.6 KMz at fre-
quencies 10, 18, 36 and 80 KHz respectively.

The noise associated with electrification of the vehicles during their mo-
tion was insignificant. This is confirmed both by the simflarity of the
phenomena during the descent of the two vehicles and the many peculiarities
of the telemetric records.

The processing of the experimental results has still not been completed.
Accordingly, the data cited in the article must be regarded as preliminary.
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Fig. 2. Periodic sequence of radio noise bursts registered by "Venera-11"
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Preliminary analysis of radio noise bursts. Now we will discuss one of
the unexpected but extremely interesting experimental results. Among the
numerous groups of bursts registered by "Venera-11" is a sequence char-
acterized by a periodicity conspicuous even to. the eye (Fig. 2). This
proup was registered from 0604 to 0611 hours. The altitudes through which
the vehicle passed during this time were from 17 to 13 km, It consists of
8ix large bursts following one another with an increasing amplitude. In
each packet there were several hundred impulses corresponding to indi=-
vidual discharges. The first three bursts were separated by intervals of
about 90 and 80 sec and the subsequent bursts were separated by intervals
of 50 sec, The entire sequence ends with a sudden disappearance of the
signal after 0611 hours, This part of the trace was particularly produc-
tive. As indicated below, the successful combination of altitude of the
vehicle and the position of the source made it possible to find the most
important parameters of a Venusian thunderstorm with a minimum of assump-
- tions.

L. V. Ksanfomaliti postulated that the origin of this sequence is assoclated
with slow rotation of the vehicle during descent, which is attributable to
aerodynamic factors. A comparison of the periodicity of the bursts with

the measured angular velocity-of rotation of the vehicle &y about the ver-
tical axis confirmed the correctness of this assumption: &)y varied in the
range from 2 to 7 degrees/sec, which makes the half-period of rotation

from 90 to 26 sec. The directivity characteristic for the loop antenna

used in the instrument is described by the following function:

F(8) =sinB, (1)

where 6 is the angle between the normal to the plane of the loop and the
direction to the signal source., If the antenna is situated in the vertical
plane and the azimuthal angle of the source is (¢, the voltage across the
output of the loop antenna with the effective altitude H with a field di-
rection E is '

U = EH sin (0.t + a). (2)

In this case, the rotation of the vehicle should lead to intense modula-
tion of the signal received from the point source situated at approximate-
ly the same altitude as the receiver.

The real situation, of course, is more complex. The antenna is situated

in such a way that the loop forms an angle of 45° with the horizontal

plane of the vehicle and its diagram is somewhat distorted by the influence
of the vehicle. Moreover, it is difficult to visualize a powerful source

of radio noise having such a small extent that it can be considered a

point source. However, such an assunption was expressed in connection with
the hypothesis of Venusian volecanism. During strong eruptions of volcanoes
on the earth numerous lightning discharges are observed over them. But
since for the time being nothing is known concerning volcanic activity
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on Venus, we will attempt to explain the observed phenomenon from the
point of view of thunderstorm activity in the Venustan atmosphere,
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Fig. 3. Same as in Fig, 2, for the channel 18 KHz at an exaggerated time
scale, .
KEY:
A. E, \I/m»cpsl/2
B. KHz

C. Time ol ground reglstry (Moscow time)

First of all we will ascertain the angular dimensions of the source. An
analysis of the telemetric information shows that in the intervals between
bursts the field strength is not equal to zero (Fig., 3). It goes without say-
ing that this can be the background from other sources, but during the per-
iod from 0604 to 0612 hours at the margins of the described group of bursts
the background was very low. A study of records similar to Fig. 3 shows

that at frequencies of 10 and 18 KHz the minimum level of radio noise U in
between the bursts was S-S}AV/m-cpsl/z. Taking into account the symmetrTc
two-lobe form of the antenna directional diagram, it is possible to find

the approximate angle at which half the source is observed:

Umln
6=amﬂn7E;:. 3)

which gives § = 1.4-3.8° or on the average 2,6°,

Distance to source of bursts. In the propagation of superlong waves in the
earth's atmosphere a major role is played by the "ionosphere-surface" wave-
guide. The presence of a sufficiently dense ionosphere on the daytime side
of Venus also should seemingly lead to distant propagation of radio waves
inmewmﬂmywmrmm.MtMsmeﬂm,mmv&mhsnuuﬁa
marked decrease in the strength of the electromagnetic field at the plan-
etary surface, which can be associated with some mechanism of radio wave
absorption. Proceeding on this basis, we will examine only a direct wave
when the main role in the reception of radiation is played by the altitude
of the source above the surface and strong refraction in the dense atmo-
sphere. The greatest altitude at which discharges can occur is not higher
than the lower boundary of the ionosphere, which is found at the level 90-
100 km using radio refraction experiments on space vehicles. However, it
is more probable that the source of radio noise (lightning) is situated in

29
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the cloud layer, whose upper boundary, according to Ksanfomaliti (1977), cor-
responds to a level of 71 km.

Since both the source and the vehicle are situated in the atmosphere, a di-
rect wave is propagated between them; this wave is not attenuated by the
surface. In this case the field strength E from a discharge with the energy
W, occurring during the quite short time , can be computed approximately
in accordance with theory (Feynberg, 1961) in the following way:

VWi
EwTsinO, (4)

where R is the distance between the source and detector, and ﬁ is the angle
between the line of the source dipole and the direction to the detector.

We will examine possible variants of the position of a source of bursts. In
the first variant the source is situated close -- in accordance with the
position of the antenna in a plane passing through the vehicle and inclined
45° to the horizon. Three cases are possible: the source is situated in the
cloud layer; then the distance to it is Rj =¢q5(70-15) = 78 km, at the sur-
face, then Ry = {/2+15 = 21 km or also at intermediate altitudes. (We recall
that 15 km is the mean altitude of the vehicle during the registry of sig-
nals from this source of bursts).

The second variant is characterized by a distant position of the source (at
the radio horizon). The criterion for choice between these variants can

be a comparison of the energy in a single discharge with the data known from
an analysis of terrestrial thunderstorms. The energy of terrestrial light-
ning is assumed equal to Wg = 1083, which corresponds to the potential dif-
ference 75-105v and a transfer charge 1.3 Kl. We will also assume that T is
constant (for terrestrial thunderstorms ~2100 fLsec).

The spectral field strength from lightning discharges in the earth's atmo-
sphere is analytically expressed complexly. Frequently use is made of an
averaged model of lightning, reflecting the mean figures for the spectral
density of its radiation (Yuman, 1972; FIZ. ENTSIKLOPEDICHESKIY SLOVAR'
(Physical Encyclopedic Dictionary), 1960). Such a model is shown in Table 1,
which also includes the results of measurements for the considered case.

The energies in a discharge ensuring the strengths given in Table 1 were
found from (4) as
' EanFa )’

WI.'I = WO( EoRoy

(5)

- [ ¥3M = meas] and are given in Table 2.

Such small energies in a discharge, thousandths or ten-thousandths of the
energy of terrestrial lightning (Yuman, 1972; Imyanitov, et al., 1971), are
- questionable. A breakdown voltage in carbon dioxide requires somewhat

30

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5

FOR OFFICIAL USE ONLY

greater values than in the air. With respect to the aerosol medium, it
determines only the accumulation of charges in the clouds, but not the
mechanism of the discharge itself, which is identical both in air and in
- carbon dioxide. Therefore, it is logical to expaect an energy in the dis-
charges of the same order of magnitude as in terrestrial lightning.

Precisely such a result is given by the second variant, when the source
is situated at the radio horizon. Once again we use Table 1 and compute
the ranges

Ry = E,RolEwyu, (6)

[H3M = meas ] proceeding from an energy in the discharge equal to 1087. The
determined distances are given in Table 3.
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Fig. 4. Histogram of counting rate of pulses in channel of integral dis-
- criminator corresponding to Fig. 2.

KEY: A. Counting rate, pulses/sec

B. Time of ground registry (Moscow time)

If the source was actually so distant, akout 1,800 km, will it be situated
on the radio horizon?

Radio horizon range. If the altitude of the vehicle. h and the signal source
z is 15 and 70 km respectively, the distance to the radio horizon when the

planetary radius is a = 6,052 km, in accordance with the formula for direct
visibility (Chernyy, 1972), is equal to

R=V2a(Vz+ Vh) = 1347 km. 4 (N
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Table 1

Frequency, KHz 10 18 36 80

103 3 103 .103
Fleld strength E, at standard dis- 20-10 11.10% 5.6:10% 2.5-10
tance from source Rg = 10 km,

" V/mecpsl/2 (earth)
Measured strength Emeas-l)v/m-cpsl/z

(Venus) 110 60 33 12
Table 2
Frequency, KHz 10 18 36 80
Wy/Wo 1.8:10-3 1.8:10-3 2.1-10-3 1.4.10-3
Wa /Mg 1.3:1004  1.3.1074 1.5.10-4 104
Table 3
Frequency, KHz 10 18 36 80 Mean
R3, km 1820 1837 1687 2088 1858

The value of the refraction angle was computed on the basis of the distribu-
tion of the density of the Venusian atmosphere with altitude, cited in Kuz'-
min and Marov (1974). The computation method and the results will be pre-

- sented in another article. Here, without giving the derivation, we give
the following result: if the vehicle is. situated at an altitude of 15 km,
the maximum refraction angle for a ray reaching the level 70 km is 39,
which gives an increase in range by 160 km for a radius of 6,120 km. Thus,
the total distance to the radio horizon is 1,510 km, which within the lim-
its of accuracy in our computations coincides well with the mean value in
Table 3.

Now we will return to Figures 2 and 3. The series of bursts is cut off sharp-
ly at 0611 hours. Such a nature of signal changes is attributable most simply
specifically to the withdrawal of the source beyond the radio horizon.

Thus, three circumstances indicate the position of the source of bursts:
coincidence of the energy in the discharge with the known value for terres-
trial lightning; distance to the radio horizon, coinciding with the computed
range of the source, and total disappearance of the signal, corresponding

to its "radio setting."

The radio noise bursts indicated in Figures 2 and 3 also made it possible
to find a number of other parameters of a Venusian thunderstorm. The struc-
ture of the bursts makes it possible to conclude that all the impulses are

32
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5

FOR OFFICIAL USE ONLY

from the same source. Figure 4 shows a histogram of tha pulse counting
rate. It follows from this figure that the mean frequency of the dis-
charges in one source is very high and attains 20 pulses/sec, which greatly
exceeds the similar parameter for terrestrial thunderstorms. Other parts

of the telemetric record give still greater frequencies.

The range and the angular dimensions of the source found above make it pos-
sible to estimate its extent: 150 km, which is an extremely extended thunder-~
storm front. From the duration of the radio setting and the descent velocity
of the vehicle it is casy to find the altitude of the thunderstorm layer

1-2 km. Finally, Figure 3 gives an opportunity to evaluate the statistical
dispersion of the energy in the discharges, assuming T to be constant. The
similarity of pulse amplitudes indicates that all the discharges probably
occur in the cloud layer between its individual parts. Then the energy W and
the distance R3 will be somewhat less and the coincidence of the computed
range and the radio setting will be still more convineing.

Proceceding on the basis of the great total number of discharges per unit
time in the Venusian atmosphere and their considerable energy it appears
probable that the glow of the nighttime side of Venus which is sometimes
observed is attributable to an increase in thunderstorm activity.

BIBLIOGRAPHY

Imyanitov, I. M., Chubarina, Ye. V., Shvarts, Ya. M., ELEKTRICHESTVO OBLAKOV
(Cloud Electricity), Gidrometeoizdat, Leningrad, 1971.

Ksanofomaliti, L. V., Doctoral Dissertation, Space Research Institute, USSR
Academy of Sciences, 1977.

Kuz'min, A. D., Marov, M. Ya., FIZIKA PLANETY VENERA (Physics of the Planet
Venus), "Nauka," Moscow, 1974.

Kuz'min, A. D., Marov, M. Ya., "First Results of Scientific Experiments
on the 'Venera-11l' and 'Venera-12'," PIS'MA V AZh (Letters to the Astro-
nomical Journal), 5, 3, 1979.

Feynberg, Ye. L., PASPROSTRAMENIYFE RADIOVOLN VDOL' ZEMNOY POVERKHNOSTI
(Propagation of Radio Waves Along the Earth's Surface), Izd-vo AN SSSR,
Moscow, 1961.

FIZICHESKIY ENTSIKLOPEDICHESKIY SLOVAR' (Physical Encyclopedic Dictionary),
1, Izd-vo “Sov. Entsiklopediya," Moscow, p 100, 1960.

Hara, T., "Lightning in the Planetary Atmospheres and in the Primordial
Solar Nebula," Preprint, Univ. of Kyoto, 1976.

Chernyy, F. B., RASPROSTRANENIYE RADIOVOLN (Radio Wave Propagation), "Sov.
Radio," Moscow, 1972.

i3

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5

FOR OFFICIAL USE ONLY

Yuman, M,, MOLNIYA (Lightning), "Mir," Moscow, 1972.

TSPY?IGHT: Izdatel'stvo "Nauka," "Pis'ma v AZH," 1979
29

34

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5

FOR OFFICIAL USE ONLY

SHORT-RANGE FORECASTING OF SOLAR FLARES
Moscow VESTNIK AKADEMIT NAUK SSSR in Russian No 5, 1979 pp 59-64

[Article by V. V, Migulin, Corresponding Member USSR Academy of Sciences,
Candidate of Physical and Mathematical Sciences M. M. Molodenskiy and
Doctor of Physical and Mathematical Sciences S, I. Syrovatskiy}

{Text] The problems involved in the prediction of solar chromospheric
flares are extremely diverse and the prospects for their solution are
different. The long-range (up to several months) forecasting of flares
is the most difficult of these problems, for the time being having al-
most no theoretical basis. This is attributable to the fact that at the
present time we do not have a possibility of indicating the time and
place of the appearance of a new active region on the sun. Accordingly,
it 1is necessary to turn to a search for statistical patterns on the
basis of the collected information. In solving thie problem for the
time being it has not been possible to proceed significantly beyond the
construction of synoptic maps and defining of active longitudes. (It
should be noted that for the time being in our country there are no ob-
servatories which with sufficient routineness issue such information,
despite the fact that some stations occupied by the sun service could
do this).

The most long-range forecast (for several years or the entire next cycle)
is prepared on the basis of highly averaged data. Therefore, the problem
of such forecasting is less complex.,

An approach having adequate theoretical and experimental basis can be

used for short-range (from several hours to one day). This problem dif-

fers from the first very, very substantially. Whereas for the first prob-
- lem (preparing a forecast for a time including the appearance of a new
active region), for a short-range forecast we have all the necessary in-
formation. Since flares owe their origin to a magnetic field, observa-
tional data on the magnetic field and its evolution, and also a know-
ledge of the flare mechanism make possible the theoretical computation
of development of the phenomenon. In addition, for this forecast it is
possible to obtain additional information -~ from observations of the
structure of an active region (and its changes) in the Fraunhofer lines
loe , K~Ca II and others. This structure is determined by the magnetic
field at the level of line formation.
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Such in broad outlines is the fundamental aspect of the problem. For the
time being the practical results leave much to be desired. At the pres-
ent time only the prognostic center at Boulder in the United States and
the Meudon Observatory in France collect data for short-range forecasting
and make some attempts at such forecasting. However, the forecasting meth=
od 18 st11l excecedingly far from the development of clear algorithms and
obtaining the quantitative characteristics of the probabilities of flares.
The difficulty is not that a great number of parameters must be taken into
account for the corresponding computations, but primarily that the approach
itself for the time being has a purely synoptic character and there have
not even been attempts to apply the completely reliable theoretical prin-
ciples. Under these conditions the synoptic and statistical methods of a
so-called quantitative forecast, based on the theory of recognition of
objects or approximation of phenomena, are unpromising since it is neces-
sary in advance to lay aside an evaluation of the weights of those charac~
teristics on the basis of which the image to be identified is created.
Therefore, in this case as well it is most important to discriminate from
the great volume of information that part of it which is important for

the prediction of flares. This is clearly a theoretical problem. With
refinement of theory the range of the necessary information can be broaden-
ed, but now it is necessary to combine theory and observations on the
basis of already available theoretical principles and the practice of ob-
servations of the development of active regions.

1n order to advance further both In the forecasting problem and in the
theory of flares itself there must be a clearer classification of the
basic principles on the basis of which the modern theory is developed. It
is useful to introduce evaluations of the basic principles of the theory,
classifying them as: 1) reliable, 2) probable, 3) possible. The following
principle can now be classified as reliable.

A solar chromospheric flare is a process of sudden transformation of mag-
netic energy into forms which can be directly observed. As is well known,
flares occur only in active regions. We do not know of even a single case
of a flare in the undisturbed chromosphere. Since this principle is un-

- questionable, it is necessary to adopt another principle which is not
less reliable than the preceding one. It is as follows. [See footnote]

The potential field has the minimum energy among all the fields with a
stipulated normal component on the boundary of the reglon occupied by the
field. (This is the well-knowm theorem of classical potential theory,
frequently called the "Thomson principle'"). Therefore, the magnetic field
of an active region in a preflare state cannot be a potential field, that
is, a current-free state. In other words, above the surface of the photo-
sphere in a preflare state there should be a current which changes its
configuration or intensity in such a way that the energy of interaction

Note: Cases of flares in active regions in the absence of spots are known
(see SOLAR PHYSICS, Vol 36, pp 403-416, 1974.
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of the current with the external fleld together with the characteristic en~
ergy of the current field is less than the sum of the corresponding initial
vialues, The difference 18 the flare energy., Accordinply, from the fact

that the flare energy is drawn from the magnetic energy of an active re-
glon It can be concluded that there is an electric current in the sun's
upper atmosphere and that it plays the role of an intermediary in the

. transformation of energy.

Finally, an evaluation of current intensity (lower evaluation) has the same
basis and therefore must be assigned to this same type of reliable theor-
etical principles. This value is not less than 1012 A (8. I, Syrovatsekiy,
1976) when the flare energy is about 1032 erg,

Changes in structure of active region in Hx before proton flare of 7 Sep~
tember 1973 (V. I. Makarov, M. M, Molodenskiy, 1975). a) quiet filament
two hours before flare, b) filament before onset of explosive phase of
flare acquires the configuration of a twisted cord: this is evidence of

a change in the current over the photosphere, and in particular, an in-
crease In the current flowing along the filament.

With respect to the upper evaluation for current intensity, here the theor-
etical principles for the time being can be classified as probable or pos~
sible. The most important of these principles is that the field of an ac-
tive region in general differs 1little from a potential (harmonic) field.

A comparison of the energy of flares with the total energy of the magnetic
field of the active regfon shows that the energy of the magnetic field ex~-
- ceeds the energy of flares by two or three orders of magnitude. Therefore,
a current of about 1012 A exerts no considerable influencé on the general
field geometry. A considerably greater current could appreciably distort
the potential field, but such a current, speaking in general, should lead
to phenomena two or three orders of magnitude more powerful (which never
has been observed). What has been said, obviously, gives only an indirect
basis for considering the current to be relatively weak and the field to
differ little from a potential field.
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Longitudinal magnetic field (at top) and potential (at bottom) of active
region McMath 11693 on 18 February 1972. A flare of importance 2 occurred
in this active region. A, B -~ large spots with different polarity, 1, 2 --
singular points in field; in regions la, 3 and 4 there are the necessary
but not the adequate conditions for existence of singular points; region 3
(upper figure) is a spot satellite. A is a field "impregnation" with a sign
opposite that in the surrounding field; potential extrema exist in regions
la and 4 -- these regions do not create singular points.
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In solving the problem of ti. nature of the field in the chromosphere and
corona Lt is best to use a direct approach in measuring the magnetic

fleld in the photosphere with subsequent computattion of ecireulation of

the fleld vector in some closed contour. This approach affords a funda=
mental possibility for finding the intensity of the current normal to

the photosphere (A. B, Severnyy, 1971). However, errors in measuring

the field using magnetographs of the Babecock type considerably complic-
ate interpretation of such data, Accordingly, the need arose for develop=
ing a magnetograph making it possible to carry out measurements of the
tangential field with a higher accuracy than was possible before., Such

a magnetograph has now been created at the Institute of Terrestrial Mag-
netism, Ionosphere and Radio Wave Propagation USSR Academy of Sciences

(G. M. Nikol'skly, et al.). There are also additional indications that the
presence of a current disturbs the potential field relatively little.
First of all, as a result of comparison of the form of the magnetic sur=
faces of the potential field with the isophots of the coronal condensa-
tions there was found to be a correspondence of thelr forms. Second, a
comparison of the directions of the potential field lines of force with
the direction of the filaments also indicates a small difference between
these fields and potential fields. Third, it follows from general magneto-
hydrodynamic theory (from the energy prineiple) that the longitudinal cur-
rent always serves as a nonstabilizing factor; therefore, stability has
been demonstrated only for fields in the sun's upper atmosphere differing
little from potential fields.

An extremely important problem is the localization and configuration of the
current. This problem for the time being can be solved on the basis of the
preceding, probable theory of field quasipotentiality. On its basis it is
possible to formulate a geometrical (and topological) theory of magnetic
fields of active regions. Up to the present time this problem has been
examined at the level of models: the field has been represented by some
number of dipoles or individual spots situated in the photosphere. At the
same time, the field of active regions is an example of an extremely com-
plexly structured vector field (and an extremely detailed measured field);
Therefore, model representations do not make it possible to use the greater
part of the field information.

The expansion of the field in spherical harmonics used in classical problems
(description of the magnetic and gravitational fields of the earth and plan-
ets) in this case is ineffective. Therefore it is necessary to turn to the
general theory of vector fields making it possible to describe the qualita-
tive structure of the field (in the gense of its topological properties),
and also to draw basic conclusions concerning the number and positioning of
singular points in the field. It must be noted that the use of numerical
methods in solution of the boundary problem arising here (Neumznn problem)
is completely necessary, but at the same time it is extremely important to
have preliminary information on the singular points which can be obtained
from an analysis of the boundary conditions.
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%he general idea of a qualitative description of vector flelds was express=
ad about a hundred years ago by A. Poincard. This idea is based on the fol-
loewing analogy. In order to deseribe the behavior of a scalar function of
one argument it is sufficient to mention the positions and types of extrem-
al points (maxima, minima and infleection points) and also the asymptotic
behavior of the function when x- 00 . Using continuity, it is possible to
form a more general idea concerning the behavior of this function. In the
case of a vector field the situation is similar, and the role of extrema

is played by the singular points in the vector field. The asymptotic be-
havior is also known for the magnetic f£ields: except for cases of special
symmetry, the field usually tends to a dipole field with |xl= o0, There=
fore, in order to form some idea concerning the field structure it is neces-
sary to indicate the number, type and position of the singular points. With
respect to their position, to a considerable degree this is a problem in
quantitative analysis and it is solved on the basis of computations. The
type of singular points in a potential approximation is known for the magnetic
field; these are always saddle points (with a positive or negative index) .
Finally, the sum of the indices of the singular points can be obtained by
means of an analysis of the boundary conditions, and specifically by cal-
culation of the characteristic known as vector field rotation (VFR). Thus,
the theory of indices of vector fields makes it possible to introduce a
completely rigorous classification of the fielde of active regions by means
of use of a new, physically meaningful parameter determining the “"degree of
field complexity."

The traditional "Zurich" classification of spot groups is customary and
simple, but it does not reflect the real topological field complexity. The
introduction and broad use of magnetic field rotation (MFR), and also use of
the absolute magnetic field (AMF) value instead of spot areas, is extremely
modern and promising. We note that in a three-dimensional case the index
of field rotation, determined as the "degree of representation” of the
field on a unit sphere of directions, is not equal to the number of sin-
gular points above the photosphere, but is only the difference in the num-
ber of positive and negative indices of the singular points. However, it is
obvious that generally speaking there is a correlation between the differ-
ence and the total number, and since the flares are related to field com=-
plexity, MFR can serve as a characteristic of the flare activity of groups.

- Thus, in addition to the absolute magnitude of the flux, in essence, the
energy characteristic of the field, it is also possible to mention another
characteristic reflecting the degree of field complexity.

Thus, on the basis of a probabilistic principle of the theory (that concern-
ing potentiality) it is possible to indicate the positioning of singular
points and find the general field structure. In a case when it is possibleto
discriminate systems of independent magnetic fluxes, a current arises on

the "limiting” line of force separating these fluxes. A correlation was
established between the parameters of plasma in the neighborhood of this
line and the characteristics of the current layer (s. I. Syrovatskiy, 1976).
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In particular, for powerful flares with an energy release of about 1032
erg on the basis of theory it was possible to obtain the characteristic
time of formation of the current layer (3.10% em10 hours) and a station-

- ary intensity % 8.1027 erg/sec, being released for the most part in the
reglon of the far ultraviolet. These characteristies must evidently be re=-
garded as possible. For the time being there are no direct experimental
data on the genesis of the current layer before a powerful (about 1032 eryg)
flare. Therefore, it is extremely important to carry out systematic observa=
tions of the intensity of solar UV radiation and its variations Caring a
period of increased activity. Measurements carried out before flares and
during the period of their development are of special interest. In addi-
tion to direct measurements which can be carried out from artificial earth
satellites it is of great importance to make observations of sudden iono-
spherie disturbances causing a Doppler freguency shift of radio signals re=-
flected from the ionosphare (SFD == Sudden Frequency Deviations), and also
regular observations of the state of the ozone layer, being a sensitive in-
dicator of UV radiation.

If the preliminary theoretical considerations on the mechanism of the gen=-
esis and development of flare processes find confirmation in the character-
istics of the observed UV or radiofrequency radiation before a flare it
becomes possible to make a reliable short-range prediction of a flare. This
problem can be solved successfully on the basis of regular high-quality
measurements of the magnetic fields of active regions on the sun, obtain-
ing information on the structure of the chromosphere and corona in optical
lines, and systematic monitoring of radio emission in combination with reg-
ular monitoring of solar UV radiation by direct and indirect observations
(observations of SFD, monitoring of the ozonosphere, etc.).

COPYRIGHT: Izdatel'stvo "Nauka," "Vestnik Akademii Nauk SSSR," 1979

l416]
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I1. OCEANOGRAPHY
Translations
ACTIVITY OF THE INSTITUTE OF OCEANOLOGY IMENI P. P. SHIRSHOV
Moscow VESTNIK AKADEMII NAUK $8SR in Russian No'5, 1979 pp 3-8
[Unsigned article)

[Text] The Institute of Oceanology imeni P. P. Shirshov, established in
1946, 1is engaged in a complex study of physical, chemical, geological and
biological processes in the world ocean, and also the development of means
and methods for investigating it. The institute has an Atlantic Division
in Kaliningrad, a Southern Division at Gelendzhik and a Section of Mathe-
matical Modeling of Circulation of the Ocean and the Atmosphere at Lenin-
grad. An experimental design bureau operates at the institute. The inst-
itute has the scientific research ships "Vityaz'," "Akademik Kurchatov,"
"Doitriy Mendeleyev," and also seven small vessels.

The Presidium of the USSR Academy of Sciences discussed the activity of
the Institute of Oceanology imeni P, P. Shirshov. A report was presented
by the institute director, A, S. Monin, Corresponding Member USSR Academy
of Sciences.

Report of A, S. Monin

The scientific activity of the institute, stated the speaker, is directed
to the solution of highly important problems in oceanology as a unified,
complex science, and also practical problems of great importance to the
national economy. Theoretical and experimental investigations are being
made on the basis of modern attainments in physics, hydromechanics, applied
mathematics, geology, chemistry and biology.

Physics of the ocean occupies a key place in the institute's work. One of
the principal events in oceanology during the last 10 years was the dis-
covery, by the institute's expeditions, of mesoscale eddies having a dia-
nmeter of several hundred kilometers and penetrating many hundreds of
meters into the depth of the ocean. Most of the energy of ocean currents
is concentrated in these eddies.

The discovery of these eddies has forced a re-examination of concepts con-
_ cerning the field of ocean currents and the task now is learn to predict

the detailed structure of currents in the ocean with the influence of
eddies taken into account. 42
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The “Chernomor" sealab ensures multiday work of a crew of 4-5 men at depths
up to 30 m.

At the institute there has been considerable development of numerical model-
ing of global currents and tides. Studies have béen made of nonstationary
and long-period movements in the ocean, including effects associated with
different mechanisms of wave excitation, variable ocean depth, the earth's
influence, and also taking into account viscosity and resonance phenomena.
These studies are being carried out in close collaboration with the inst-
itutes of the Siberian Division USSR Academy of Sciences.

The geophysical probes with an increased resolution created at the insti~
tute made it possible to detect a well-developed vertical microstructure
of the ocean. [See: K. N. Fedorov, "Fine Structure of Physical Fields in
the Ocean,' VESTNIK AN SSSR, No 2, 1978.] Extensive experimental studies
have been made of internal gravitational waves. The possibility of gener~
ation of a fine structure of hydrophysical fields in the ocean during the
passage of internal waves has been demonstrated.

Investigations of ocean microstructure are closely assuciated with a
study of its small-scale turbulence. The large-scale measurements of the
small-scale component of ocean turbulence which have been carried out have

led to new concepts concerning it as being weak turbulence (with small
Reynolds numbers), concentrated in thin extensive microstructure layers.
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"Krolik" on-shore hyperbaric complex. It is used in carrying out tests of
apparatus and for medical-physiological investigations with the prolonged
presence of people in artificial atmospheres at pressures up to 35 atm.

Interesting results were obtcined in the field of ocean optics.,

- A global numerical model of interaction between the ocean and the atmo-
sphere has been developed. It makes use of new methods for the parameter-
ization of small-scale interaction. As demonstrated by numerical experi-
ments, the model is suitable for the modeling of climate.

Broad investigations of interaction between the ocean and the atmosphere
were carried out during the experiments "Tropeks-72" and "Tropeks-74."

Studies have been carried out for investigating the distribution of macro-
components and nmicrocomponents of gases, organic matter, the processes of
their variability, annual circulation and balance in the waters of the
world ocean. Specially synthesized polymer sorbents have been proposed
and tested. These are for the extraction of uranium, silver and other
trace elements from sea water.

Institute scientists have investigated petroleum contamination of waters

in the world ocean. Dispersing substances have been developed for elimin-
ating the petroleum film forming when petroleum pours out on the sea.
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The institute carries out extensive work in the field of geology of the
ocean. The principles of marine geology have been formulated. Methods for
geologleal-geophysical investigations of the floor of deep parts of the
ocean have been developed and are in extensive use., Studies have been made
of the quantitative and qualitative regularities and patterns of present-
day sedimentation, the distribution and composition of sedimentary and ig-
neous rocks on the ocean floor. Extensive reglons of metalliferous sedi-
ments have been discovered,

The distribution of ferromanganese nodules, rare and disperse elements,
has been investigated in the Pacific and Atlantic Oceans.

Promising petroleum and gas regions have been discovered on the shelves
and floors of the Baltic Sea and the Sea of Okhotsk. New data have been
obtained on the relief of the crystalline basement and the structure of
the sedimentary layer under the floor of the central Caspian. Recommenda-
tions have been made for carrying out reconnaissance and prospecting work
for petroleum and gas.

Concepts have been developed concerning the generation of movement of
lithospheric plates by deep processes., Models of processes of thrusting
of lithospheric plates und:r island arcs and the active margins of con-
tinents have been formulated. Studies have been carried out on the paleo-

geography of the Phanerozolc. Maps of movement of the continents during
this period were prepared.

As a result of the investigations carried out by the biological subdiv-
isions of the institute it was possible to ascertain the basic patterns
of distribution of biological objects in the ocean, the peculiarities of
zones with high and low productivity, vertical faunistic zonality, and
maximum depths of abyssal trenches in the ocean. There has been develop~-
ment of work in a new direction for the institute: study of functioning
of ocean biosystems and the creation of blological productivity in them.
New methods have been proposed for investigating biological groups (bac-
teria, protozoa, microzooplankton). Diagrams of the cycling of matter and
the absorption of energy in biological systems in pelagic regions of the
ocean have been prepared. Specialists have formulated mathematical models
of the functioning of biological communities in pelagic regions. On the
basis of these models it has become possible to predict the development
of such communities.

The results of these investigations constitute an important step in solu-
tion of the fundamental practical problem of a changeover from the op-
eration of fisheries to the rational cultivation and collection of the
biological production of the ocean.

Oceanological instruments have been created at the institute. Operating
models of a seismoprofilograph and side-scan sonar have been fabricated
and using them it has been possible to obtain seismic profiles in the
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oceans over a distance of 100,000 miles, Towed instrumentation has bzen
developed and used under expeditionary conditions for measuring turbulence,
as well as hydrophysical probes, digltal current meters, hydrooptical in-
struments and a number of models of instrumentation for geological and
biological investigations. .
The institute successfully completed a series of studies in the "Chernomor"
sealab. Conclusions were drawn concerning the limiting depths of long-term
presence of aquanauts in a nitrogen-oxygen atmosphere. The "Krolik" hyper-
baric chamber was created. It affords a possibility for carrying out ex-
periments for study of the effects of pressures up to 35 atm on the human
body. The "Krab" television manipulator has been developed and is being
used (its depth of submergence is up to 1.5 km). The "Argus' underwater
apparatus has been constructed (submergence depth to 600 m). Investigations
are being carried out using the "Paysis" underwater vehicles at depths as
great as 2 km. In 1977 these vehicles were used in carrying out a success-
ful complex geological-geophysical investigation of the floor of Lake
Baykal, making it possible to obtain important scientific results. [See:
Ye, G, Mirlin, A. M, Podrazhanskiy and A. M. Sagalevich, "Geological-
Geophysical and Underwater Investigations on Baykal,' VESTNIK AN SSSR,

No 11, 1978.]

The institute 18 carrying out a great volume of practical investigations.
It has formulated scientific recommendations on contending with world-
wide contamination of waters in the seas and oceans, on the development
of fisheries, and improvement of navigation. These recommendations are
being used successfully in the national economy.

The work of the Institute of Oceanology is being carried out in close
collaboration with other institutes of the USSR Academy of Sciences, min-
istries and departments. The institute also has close bonds with foreign
oceanological organizations and is taking an active part in carrying out
investigations.

In conclusion, the speaker told about the difficulties which the inst-
itute encounters in its activity. The equipment and production base of
the institute is inadequate for carrying out important and responsible
tasks assigned it. The experimental-design bureau for oceanological
apparatus does not fully ensure the institute with instruments and equip-
ment for field and laboratory experiments, The technical facilities
available to the institute are not always used effectively enough.

After the report a communication was presented by Academician Ye. P. Veli~
khov, a commission member of the USSR Academy of Sciences Presidium fam-
iliar with the institute'’s activity. In the opinion of the commission,
stated Ye. P. Velikhov, the Institute of Oceanology is a major scientific
center in the field of ocean studies. The most important attainment of

the institute is that it has succeeded in bringing together different as-
pects of ocean research -- its physics, hydrodynamics, biology, bottom
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geology. Interaction with the institutes of the USSR Academy of Sciences
has been well established.

Then Ye., P. Velikhov presented commission recommendations related to the
difficulties which the institute is experiencing in 1its work. In partic-
ular, the commission recommended a strengthening of the computation base
of the institute. Since the institute is carrying out extensive experi-

mental investigations in sea polygons and abyssal investigations, it is

also necessary to strengthen its production base, ensure supply with in-
struments and equipment. )

Discussion of Report

Academician A. L. Yanshin. The Institute of Oceanology over the course of
the last 10 years has been producing first-class scientific publications
An example is the multivolume work TIKHIY OKEAN (Pacific Ocean), which
has been awarded the USSR State Prize (1977). Many of the published works
of ‘the institute are being translated into foreign languages, evidence of
their high international authority.

A great merit of the institute's work is the close relationships with acad-
emic institutions and the institutes of other departments and also its
broad international connections.

Now ever-increasing attention is being devoted to the exploitation of the
mineral resources lying on the floor of the Pacific Ocean (even today 24%
of all petroleum is produced from the floors of the seas and oceans). Evi-
dently, the Institute of Oceanology must intensify research in this direc~
tion in order to play a key role not only in the study of sedimentation,
but also the resources lying on the floors of the seas and oceans.

Academician V. Ye. Sokolov. The biological studies of the Institute of
Oceanology are quite well known. The commission of the USSR Academy of
Sciences Presidium working at the institute (V. Ye. Sokolov was a commis-
sion member and was acquainted with the activity of the biological labor-
atories) raised the question as to whether it was legitimate for biolog-
ical laboratories to be a part of the Instituyte of Oceanology. The joining
together of physicists, chemists, geologists and biologists in a single
institute is desirable when they carry out smooth complex work in a

single direction. The commission drew the conclusion that at the Institute
of Oceanology there is such a direction -~ study of ecosystems in the ocean
and its productivity. However, at the institute it is necessary to reduce
classical biological investigations to a minimum and against this back-
ground establish closer contact with the Division of General Biology.

Admiral-Engineer P, G, Kotov. The scientific problems which are being
solved by the Institute of Oceanology in collaboration with other inst-
itutes of the USSR Academy of Sciences are of great practical importance.
It is necessary to devote much attention to study of the hydrophysical and
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hydroacoustic characteristics of individual regions of the ocean for de-
termining general conditions in the ocean. There is still much that is
unknown in the ocean. For example, this is true of the eddies, for which
additional profound investigations are necessary. It is necessary to ac-
clerate the development of a complex program of field studies, including
hydrophysical and hydrological investigations.

It is desirable that there be further development of the professional con-
tacts between the Institute of Oceanology and institutes of other depart-
ments using the results of fundamental investigations for creating prac=
tical engineering apparatus.

Academician L. M. Brekhovskikh. The board of the Division of Oceanology,

Physics of the Atmosphere and Geography, in discussing the work of the

Institute of Oceanology, noted its great successes in study of physics,

biology, geology and chemistry of the ocean, the great productivity of _
the multisided approach to study of the ocean, the need for further de-

velopment and application of this approach.

The Institute of Oceanology, despite having inadequate technical equipment,
is functioning at the level of the leading scientific oceanological inst-
itutes of the world. Its success2s are attributable both to the successful
selection of personnel and the productive combination of theoretical and
experimental investigations.

A major undertaking of the institute has been compilation of the 10-volume
monograph OKEANOLOGIYA (Oceanology), which.affords a full idea concerning
the status of the entire sclence of the ocean. Four volumes of this mono-
graph have already been published.

The board of the division assumes that the institute should be more con-
cerned with model laboratory investigations and must carry out more in-
tensive work in sealabs.

Academician A. Yu. Ishlinskiy. Study of the ocean is a broad field of ap-
plications for investigations in the field of mechanics. The motion of
water is closely related to the movement of air masses and here there must
be specific hydrodynamic and aerodynamic investigations. Close contacts
have been established between the Institute of Oceanology and the Insti- <3
tute of Mechanical Problems and a number of problems in hydrodynamics

and acoustics are being solved jointly. In the implementation of such

investigations under laboratory conditions the Institute of Mechanical

Problems can assist the Institute of Oceanology, since it has great ex-

perience in constructing the necessary apparatus.

Academician A. V. Sidorenko., The Institute of Oceanology is carrying out

much important work on a broad complex of problems related to the mastery
of the world ocean. There is a need for strengthening the material-tech-~

nical base of the institute, but the available equipment and methods are

not being used sufficiently effectively.
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The institute should occupy an active position in study of the shelves.
Since multisided investigations are being carried out at the institute
relating to the physics and chemistry of the water medium, blosphere and
geology it 1s necessary that there be clear, well-organized coordination
of this work.

The results of the discussion were summarized by Academician V. A, Kotel'-
nikov, Vice President of the USSR Academy of Sciences.

Decree

The Presidium of the USSR Academy of Sciences approved the scientific and
scilentific-organizational activity of the Institute of Oceanology imeni
P. P, Shirshov USSR Academy of Sciences.

The principal directions in the scientific activity of the institute in-
clude the development of theoretical problems in oceanology, the carrying
a out of investigations of the oceans and seas on the basis of the concept
of the unity of the physical, chemical, biological and geological process-
es transpiring in the seas and oceans.

The efforts of the institute must be concentrated on solution of the fol-
lowing problems: hydrology of the world ocean; physical fields in the
world ocean; interaction between the ocean and the atmosphere; chemical
processes of transformation of substances in the ocean; geological prin-~ -
ciples for the exploitation of the mineral resources of the world ocean;
geotectonics of oceanic regions of the earth; control of bilological pro- -
ductivity of the ocean; research equipment and experimental methods; un-

derwater research.

COPYRIGHT: Izdatel'stvo '"Nauka," "Vestnik Akademii Nauk SSSR," 1979 _
[416]
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PREDICTION OF WATER TEMPERATURE IN THE OCEAN

Leningrad PROGNOZ TEMPERATURY VODY V OKEANE (Prediction of Water Tempera-
ture in the Ocean) in Russian 1979 signed to press 27 Nov 78 pp 3, 4-5, 6-8,
167-168

[Editor's note, foreword, introduction and table of contents from book by
M. G. Glagoleva and L. I. Skriptunova, Gidrometeoizdat, 1,200 copies, 168
pages]

[Text] Editor's Note. The prediction of individual phenomena or elements
of the sea's regime requires a knowledge of the processes transpiring in
the ocean and atmosphere, their interaction and interrelationship. That is
why the level of development of marine hydrological predictions is depen-
dent to a considerable degree on our knowledge in the field of large-scale

_ circulation of the atmosphere and successful solution of the problem of
weather forecasting for any particular time in advance.

A role of more than a little importance, if not the basic role in the de-
velopment of marine forecasts is played by the availability of data from
hydrometeorological observations from the entire surface of the seas and
oceans which are of a sufficlent degree of accuracy and spatial-temporal
discreteness. The lack of such data i1s a serious impediment in the study
of physical and other processes transpiring in the waters of the world
ocean, and accordingly, in the field of development of methods for mak-
ing sea hydrological predictions. Despite the mentioned difficulties, in-
vestigations in the field of marine hydrological forecasts are success-
fully developing. Generalizations of theoretical and empirical studies
based on an analysis of the physical processes transpiring in the ocean
and making it possible to comprehend the essence of the considered pheno-
menon will make it possible to evaluate the level of present-day invest-
igations in the field of marine forecasts and discern ways to develop

- them further, including methods for computing and predicting the thermal
structure of the active layer in the ocean. It is this theme to which
this monograph is devoted.

This monograph is the first attempt at generalization of Soviet and for-

elgn studies on predictions of water temperature in the ocean. It not
only sets forth individual physicostatistical and hydrodynamic studies on
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computaticns and predictions of water temperature and depth of the thermo=-
cline, but also gives evaluations of these from the point of view of the
professional forecaster,

Wilthout question, this book will be of interest not only for professional
oceanologists, but also for specialists in other branches.

A. I. Karakash

Foreword, Predictions of the thermal state of the ocean warrant the closest
attention from investigators of the ocean and atmosphere. The success of
many types of human activity (fishing, merchant marine operations, ete,)

13 dependent on the reliability of water temperature forecasts.,

In the problem of interaction between the ocean and the atmosphere an im=-
portant place is occupiled by the problem of formation of the temperature
field in the ocean and prediction of its changes.,

The basls for the development of forecasts of the thermal state of the seas
and oceans was the fundamental investigations of the Soviet sclentists Yu.
M. Shokal'skiy, V. Yu. Vize, N, N, Zubov, V. V, Shuleykin, A. D. Dobrovol'=
skiy, A. I. Duvanin, V., V, Timonov, V, B. Shtokman, N. A. Belinskiy, A. I.
Karakash, K. I. Kudryavaya, Yu. P. Doronin and others.

During the last 15-20 years it is possible to note progress in investiga-
tions of the thermal regime of the sea. In particular, at the USSR Hydro-
metenrological Center great attention is being devoted to study of the
thermal regime of the sea, and as a result, methods have been developed
for short-range, long-range and superlong-range predictions of water tem-
perature. Whereas the first studies related to individual points or lim-
ited regions of the seas, later conditions were created for the develop-
ment of methods for predicting the distribution of water temperature over
the entire water area of the northern parts of the Atlantic and Pacific
Oceans. The considerable short-term variability of temperature discovered
by means of multiday stations makes it necessary to re-evaluate the impor-
tance of short-range forecasts.

The methods for predicting water temperature have been set forth in ar-
ticles published in scientific journals, transactions of institutes, con-
ferences, etc. There have been very few generalizations of these topics.
Among the foreign writings we should mention the book by Laevastu and Hela
on commercial oceanography [item 77 in the 1list of references] in which
considerable attention is devoted to predictions of water temperature and
a book by James on prediction of the thermal structure of the ocean [item
39 in the list of references].

A generalization of Soviet studies of water temperature prediction can

be found only in corresponding relatively small sections of textbooks on
marine forecasts and in a preliminary bulletin with a review of short-range
forecasting methods [item 36 in the list of references].
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The objective of this monograph is a review of Soviet and foreign studies
which set forth the methods for predicting water temperature, and to a
lesser degree relate to diagnostic schemes,

The authors express appreciation to A, I, Karakash for valuable advice
received during the writing of this monograph and express sincere appreci-
ation to Ye. G, Nikiforov for useful comments made during review of the
manuscript.,

The section "Short-Range Forecasts" was written by L. I. Skriptunova and
the section "long-Range Forecasts" was written by M. G. Glagoleva,

Introduction. Fundamental investigations in the field of oceanology in our
country and abroad have been directed to the creation of a physicomathe-
matical basis in the field of marine forecasts. The improvement of comput-
ation methods is favoring the solution of complex mathematical problems

on an electronic computer. But at the present time the use of hydrodynamic
models in predicting the characteristics of the ocean regime is still lim-
ited. An obstacle to this ig the complexity of the processes transpiring
in the ocean and the shortage of hydrometeorological information. It is
impossible to describe the processes transpiring in the oceans and seas

by linear equations and the introduction of nonlinear terms creates mathe-
matical difficulties. In theoretical models it is very difficult to make
allowance for the influence of local conditions on the characteristics to
be predicted and to introduce a great number of determining arguments.

The uncertainty of many parameters entering into the equations of hydro-
and thermodynamics, such as the coefficients of turbulent mixing, the
roughness parameter and others, introduces additional difficulties when
using theoretical models for practical computations.

At the present level, the basic methods employed in routine work are phys-
icostatistical methods.

It must be remembered that there is & correlation between the two methods.
Applicable to weather forecasts, N. A. Bagrov wrote: "The framework of the
physical model must rest on some generalization of known empirical factors
and all the numerous parameters of the model also, as a rule, are set by
the empirical-statistical method... In the second approach to the fore~-
casting problem requirements on the physical structure of the atmosphere

- must be imposed on the stochastic model, although in the most general
form" [9]. These considerations unquestionably also apply to marine fore-
casts,

The development of the theory of random functions, the development of prac-
tical procedures for the statistical analysis of observational data and

the accumulation of field data favored the development of physicostatis-
tical methods. It is now possible to precompute many characteristics of

the sea and ocean regime.
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James [39]) has written about the empirical nature of prediction of thermal
structure. Laevastu and Hela [77] also note that the practical use of commer=
clal oceanography involves a correlation analysis of different data,

Most prediction methods, both hydrodynamie and statistical, are based on

- an allowance for the influence of meteorological processes on hydrological
Processes. It is known that the ocean in turn exerts an influence on atmo=
spheric processes, Therefore, studies in which the influence of the atmo=-
sphere and hydrosphere on one another are taken into account appear promig=-
ing. The joint solution of equations for the atmosphere and hydrosphere
makes possible simultaneous computation of characteristics of both the at-
mosphere and ocean., In marine predictions a special place is occupied by
methods based on an allowance for external factors: cosmic and geophysical,
Such factors include solar activity, variations of the earth's axis of ro-
tation, the long=period lunar tide, ete. The discovered cycles in varia=-
tiong of these external factors and in the course of individual hydrometeor-
ological elements and phenomena made it possible to obtain methods for making
forecasts a long time in advance.

During the entire period of development of sea predictions the role of

meteorological forecasting has been raised and discussed. At first glance
. it appears obvious that sea forecasts must be based on weather forecasts.
But difficulties arise in their practical application. When using long=-
range weather forecasts, due to their low probable success, the success of
marine forecasts 1is greatly reduced. In short-range forecasts there are
great possibilities for the use of meteorological forecasts, but these pos=
sibilities are limited, For example, forecasts of many meteorological ele-
ments are not prepared for the open regions of the seas and oceans (air
humidity, cloud cover, etc,)., Therefore in developing short- and especially
long-range predictions an effort is made to not use weather forecasts. In
nature there is a lag in changes in hydrological elements in comparison
with meteorological elements (for example, sea level in comparison with
the wind, water temperature in comparison with air temperature, etc.);
this lag is used in setting the advance time of the forecasts. Since these
time intervals are not always sufficiently great, it is necessary to use
short-range meteorological forecasts (wind, air temperature forecasts) for
increasing the advance time of the forecast, In developing methods for
long~-range hydrological predictions without using a meteorological fore-
cast a weather forecast is prepared indirectly. For example, in preparing
a prediction of ice conditions on the basis of the preceding pressure sit-
uation in actuality an air temperature forecast 1s prepared.

An important role in the development of methods for predicting hydrological
elements for open regicns of the seas and oceans has been played by long-
term observations at multiday stations in the oceans and seas, work which
began in the late 1950's. The so~cailed synchronous surveys, in actuality
stretched out over rather long time intervals, did not make it possible to
Separate temporal and spatial changes in hydrological elements. Therefore,
only the setting out of buoy stations with automatic current recorders and
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prolonged observations of water temperature and meteorological elements
at these points in the ocean made it possible to develop methods for pre=
dieting thermal structure and sea currents,

Several directions in methods for predicting water temperacxre have now
taken form. The authors of this monograph have striven, insdéfar as pos=-
sible, to examine studies made in the prineipal directions.

Part I deals with methods for short-range predictions of water temperature,
whose advance period is from several hours to several days; Part IT is de-
voted to methods for long=-range predictions for a month or more in advance.

Approaches to the development of prediction methods with different advance
periods have their peculiarities and they will be pointed out in the expo-
sition of specific methods.

Contents Page

Editor's Notel.........‘...............'.‘.......‘.‘....l..“."....‘...
Foreword..-.-........-.....-...-...............---..‘..................

Introduction.-.....¢...................................................

3
4
6
Part I, Short-Range Forecasts............................-............ 9
Chapter 1. Changes in Water Temperature in the 0ceaNiesessessssessscess 9
1.1. Processes governing changes in sea water temperature.seseccessecs 9
1.2, Short~range Vﬂriability of WALCLesososovevcsossnostscssssscocss 15
Chapter 2. Prediction of Distribution of Water Temperature in the Sur-

_ face Layer of the Ocean................-..-.-.............25
2.1. Analytical representation of hydrometeorological fieldS.eeessee 25

2.2, Correlation between water temperature and heat flows through
the ocean ,Burface”.un-..“.......--o-u.........un...-.. 35

2.3, Prediction of distribution of water temperature in the ocean
surface 1ayet‘....uu-....u..nn...-.-...-.nn--.-........ 41
2.4, Possibility of predicting position of ocean frontS.eceescscssse 46

Chapter 3. Prediction of Vertical Distribution of Water Temperature... 48
3.1. Use of some theoretical cemclusions for computing characteris-

tics of the temperature profile..cecccesvesssccccsssosssscsss 48

3.2, Computation of water temperature in layer of convective mixing. 55

3.3. Computation of depth of wind miXingeeeeceessssesssscscsseccssces 63

3.4. Allowance for influence of heat advection by currentSee.eeeses. 71

3.5. Prediction of vertical distribution of water temperature for
stipulated meteorological conditionS.esseccccssscasosecaccanss 79
3.6. Commercial predictions based on water temperature predictions.. 86

Part II. Long-Range FOrecastS.cevccsesccccsssssosesscsccssssessssscsccse J4
Chapter 4. Fundamentals of Methods for Long-Range Prediction of Water

TemperatUrCescscesesesscoscoccecesassssnssssssscscsrscanssee 94

4.1. Physical processes forming ocean thermal regime....cseeepssescs 94

4.2, Initial data for developing long-range forecasting methods.... 101

54
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5

FOR OFFICIAL USE ONLY

Page
Chapter 5, Methods for Long=Range Prediction of Water Temperature...., 103
5.1, Methods for predicting water temperature based on allowance
for thermodynamic interaction between oceans and atmosphere, 103
5.2, Methods for predicting water temperature based on allowance
for heliﬂgeophysical relationahiDS........o..c..--..-....... 128
5.3, Methods for predicting water temperature based on sequence of
hydrologicﬂl phenomena...........-.............-..-......-.. 133
5.4, Numerical methods for predicting water temperature...eeecssss, 139
5.5, Prediction of water temperature for servicing the fishing

industl‘y.uuu..n..nn.nun-uun-...uu.uuu---..o 154

Summary......................-.-.......-.......................-.-... 157
Bibliogtnphy..........-...-.‘.oo-..--.-noo..-.........--...-.....-..--160
?OPYRICHT: GIDROMETEOIZDAT, 1979

414)

55
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100070035-5

FOR OFFICIAL USE ONLY

III. TERRESTRIAL GEOPHYSICS

Translations

USE OF GRAVIMETRIC PROSPECTING FOR DETECTION OF SALT OVERHANGS ON DOMES
IN THE CASPIAN DEPRESSION

Moscow RAZVEDOCHNAYA GEOFIZIKA in Russian No 83, 1978 pp 65-71
[Article by A. V. Matusevich]

(Pext] The prospects for finding petroleum and gas in the Caspian depres-
sion are associated to a considerable degree with the above-salt Pre-Juras-
sic complex of deposits, whose structure is complicated by intensive mani-
fastation of salt tectonics. In this layer there can be deposits of petrol-
cum and gas screened by steep salt slopes, The most favorable conditions
for the formation of such traps are created when the salt plugs are com-
plicated by overhangs ("cornices"). The existence of the latter was con-
firmed by deep drilling in some domes of the interfluve between the Ural
and the Volga, in the Emba region and in the eastern marginal part of the
Caspian depression. A petroleum gusher (borehole G-31) was obtained from
Triassic deposits beneath an overhang on the Zhanatalap salt dome structure.
Taking the above into account, the mapping of salt overhangs is acquiring
great importance in petroleum prospecting.

Not only a detailed study, but also the detection of salt overhangs, is
still an extremely complex problem., Using seismic prospecting by the re-
flected and refracted waves methods it is possible to trace the top of
the salt only in the arched parts of the domes, Reflections from the steep
slopes and especially from the lower surface of a salt overhang are dis-
criminated extremely rarely and inadequately reliably even when using
such complex modifications of seismic prospecting as the controlled re-
fracted waves method, directional profiling method, common deep-point
method. This served as a basis for investigating the problem of the pos-
sibility of using data from gravimetric prospecting for the prediction of
salt overhangs.

It is known that the salt domes in the Caspian depression are manifested in
the gravitational field by strong minima. For this reason detailed gravi-
metric surveys are being made on a large scale at the present time and

this is affording broad possibilities for use of the gravitational field
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In solving more complex geological problems: study of steep salt slopes,
the depth of salt tn the zones between domes, the tracing of dislocations
fn the thickness of deposits above the salt, ate.

The gravitational minima over salt domes are caused by reduced density of
the layer relative to the overlaying rocks of the complex of deposits
above the salt. The Kungurskaya salt of the Caspian depression has a den=
sity elose to 2.2 g/emd. The density of the deposits over the salt near
the surface is approximately equal to the density of the salt, and some~
times is even somewhat less than it. With inereasing depth the densitg of
rocks in the complex above the salt increases, attaining 2,6-2.7 g/emd.

Such a degree of increased density of the deposits above the salt is observ=
ed at different depths in different regions of the Caspian depression., In
the eastern marginal part of the depression == at a depth of about 3 km, in
the center of the region (Aralsorskaya superdeep borehole) == 6 km, and in
the Emba region -~ about 5 km., The development of salt tectonics led to
considerable differences in depths to the top of the salt: from O to 5 km
or more. Accordingly, the density jump at the boundary between the deposits
abgve the salt and the salt varies from values clos- to zero to 0.4-0,5 g/
cm-,

In the interpretation of the gravitational field of the Caspian depression
the excess density of the deposits above the salt is regarded as a function
of depth. For the Emba region the following dependence was proposed by L.
Ya. Tushkanov: O = 0,1.H + 22 when HES5 km; © = 2.7 when H> 5 km (o is
density in g/cm3; H is depth in kilometers). [L. Ya. Tushkanov, "Interpret-
ation of Gravity Anomalies for Bodies of Variable Density," PRIKLADNAYA
GEOFIZIKA, No 30, Moscow, Gostoptekhizdat, pp 154-162, 1961.] We used this
dependence in modeling for the purpose of studying the presence of salt
domes and overhangs complicating their slopes in the gravitational field.

Computation of the gravitational field from the investigated models of
salt domes was accomplished using a "Minsk-32" electronic computer prepar-
ed specially for the conditions of the Caspian depression. The gravitation-
al effect was computed from the deposits above the salt, approximated by
rectangular parallelpipeds whose measurements along the direction of the
profile increase from 0.25 to 2.5 km with increasing distance from the
computed point. The gravitational influence of masses at a distance as
great as 22,5 km was taken into account. The program provided for a jump-
like density change in a vertical direction.

In solving the direct problem it is possible to approximate the model by
rarallelpipeds whose dimensions are not the same in different sectors
along the strike. The program makes it possible to compute the gravita-
tional effect from models of salt domes complicated by overhangs. The
direct problem is solved quite quickly. If the model consists of a set of
parallelpipeds with identical dimensions along the strike the gravitation-
al effect at a hundred points is computed in 10 seconds.
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Fig. 1. Models of gravimetric profiles over salt domes. 1) top of salt in
main model; 2-4) different variants of overhangs complicating salt mass;
5) subsalt horizon; I-IV) curves of gravity anomalies §Ag corresponding to
models of salt domes 1-4; V, VI) A g curves transformed by the Andreyev-
Griffin method corresponding to salt domes 1 and 4.

The program provides for solution of both the direct and inverse problems
in gravimetric prospecting. In solving the latter the section is approx-
imated by parallelpipeds of identical dimensions along the strike. The
selected model is described at each point on the profile by one parameter
-- depth to the top of the salt. In such a variant it is impossible to ex-
amine a section with salt overhangs because for determining the latter it
is necessary to stipulate three values of depths at a point. The change

in depths in each cycle of approximations is accomplished automatically

on the basis of the difference in the values of the interpreted and comput-
ed anomalies with use of correlation of anomalies and depths. For a satis-
factory selection of a model it is usually necessary to use 7-12 successive
approximations. For a profile 100 km in length a total of 3-5 minutes com-
puter time is required.

The program provides for the imposing of limitations on the change in depths
to the top of the salt when selecting the model. The restrictions can be
rigid (the depth to the salt in the selection process does not change at
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fixed points) and of the "interval type (depth to the salt varies in a

- stipulated interval). "Rigid" depths are used at points where the top of
the salt has been penctrated by boreholes or reliable reflections have
been recelved from it. In the "interval" restriction of depths the maxi-
mwa value used is the depth to the subsalt deposits, and the minimum val-
ue used is the depth to the deepest of the horizons above the salt traced
by seismic prospecting.

We computed anomaly curves from models of salt domes without overhangs and
with overhangs of different sizes (Fig. 1). The dimension of the domes
along the strike was assumed to be equal to 24 km, whereas the extent of
the overhangs in this direction was assumed to be 8 km. In the computa-
tions we took into account the gravitational influence of adjacent domes
Intersected by the profile. The computations indicated that the gravita-
tional effect created directly by the salt overhangs is relatively small.
From an overhang with a width of 1 km the intensity of the anomaly is

0.5 mgal, and with an increase in its width to 3 km the anomaly attains
from -2.0 to -2.5 mgal. Modern gravimeters make it possible to measure

the gravitational field with an accuracy ensuring reliable registry of
anomalies of such an intensity. However, the gravity minima caused by the
overhangs are situated under conditions extremely unfavorable for their
discrimination. In these sectors there are considerable gradients of the
anomalous field created by salt masses. The intensity of the gravitational
minimum from the models of salt bodies which we have considered exceeds

20 mgal. The amplitudes of the anomalies over salt dome structures in the
Caspian depression frequently exceed this value.

Attempts at separating the anomalies from the salt overhangs and from the
main mass of the salt bodies by means of filtering of the total field were
unsuccessful. We tested different types of transformations with different

- grid radii. For example, the radius of the grid when carrying out field
transformation by the Andreyev-Griffin method varied from 1 to 4 km. Figure
1 shows anomalies from domes with and without overhangs, transformed by the
Andreyev-Griffin method with a radius of 2 km. These curves do not differ
qualitatively,.

Using anomaly curves computed from models of salt domes complicated by over-
hangs we solved inverse problems on a "Minsk-32" computer using the program
described above. It was found that if the depths to the top of the salt are
" considered known only in the middle part of the dome arch (outside the over-
hang sectors) a form of the top of the salt is selected whose relief is not
complicated by overhangs and the gravitational effect with a high degree of
accuracy coincides with the initial anomalies. Even with a width of the
overhangs up to 3 km the field from the selected model deviates from the
initial field by not more than 0.5 mgal, whereas the effect from the over-
hangs is 2.5 mgal (Fig. 2). It follows from all this that it 1s virtually
impossible to establish the existence of salt overhangs from the gravita-
tional field without using additional data.
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Fig. 2. Results of interpretation of gravity anomaly from model of salt
complicated by overhangs. 1) model of top of salt, the anomaly from which
was interpreted by the selection method: top of salt obtained as a result
of: 2) first variant of interpretation of anomaly; 3) second variant of
interpretation of anomaly; 4, 5) "rigidly" determined sectors of top of
salt in first and second variants of interpretation respectively; 6) top
of subsalt deposits; I-~II1I) anomaly curves A g corresponding to salt sec-
tions 1-3; 1IV) residual gravity anomaly A graeg (difference in Agl and
Agy curves).

Since seismic investigations by the reflected waves method and the common
deep point method usually make it possible to map the top of the salt in
the arch of the dome, it can be expected that the reflections from it are
also traced in the overhang zone. This is confirmed by factual materials
in the Begaydar Severnyy area. Here drilling has penetrated a salt over-
hang in a sector where reflections from the top of the salt have been
traced by seismic prospecting by the reflected waves method. It must be
emphasized that seismic data for such sectors usually do not give a basis
for drawing conclusions concerning the existence of overhangs since the
wave field at times corresponding to depths below the top of the salt
virtually do not differ from the wave field in the central part of the
dome. Cases when it is possible to obtain reflections not only from the
upper, but also the lower surface of the overhang (for example, the south-
ern slope of the Kusanbay dome) are rare exceptions.

As a result of this determinacion of the possibility of tracing the top of
the salt in overhang zones by the seismic prospecting method it was pos-
sible to solve the inverse problem for anomalies from modele of salt domes
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complicated by overhangs with rigid determination of depths to the top of
the salt in the overhang zones. The gravitational field from the selected
models essentially does not coincide with the initial curves. The mean
square orror in selecting the sections for the investigated models was 1.0~
2.5 mgal, A inerease in the number of approximations does not improve the
result,

The curves of the residual anomalies (the differences between the inter-
preted anomalies and the anomalies from the selected models) are complicat-
ed by distinct maxima assoclated with the marginal parts of the domes, that
is, with the overhang zones. The amplitudes of these maxima exceed 1 mgal,
but with an overhang width of 3 km attain 5 mgal, which in absolute value
considerably exceed the intensity of the anomalies caused by salt overhangs.
The nature of the considered maxima of residual anomalies is associlated
with the gravitational influence of the deposits above the salt, lying
under the salt overhangs, The volume of these rocks, under the conditions

- prevailing in the Caspian depression, can be considerably greater than the
volume of the salt overhang lying over them. This is the reason why the
amplitudes of the maxima of the residual anomalies observed over the over-
hangs in absolute value considerably exceed the gravitational effect from
the salt overhangs. If, as was demonstrated above, it is virtually impos-
sible to discriminate the anomalies from salt overhangs, the method for
detecting gravitational maxima over overhang zones has been worked out
quite well and involves the following.

Seismic investigations are made by the common deep~point method. These make
it possible to trace the top of the salt in the dome arch up to the steep
"bench." The area is covered by a detailed gravimetric survey at a scale

of 1:50,000. The gravitational field is interpreted by the selection (trial
and error) method with a "Minsk-32" electronic computer using the program
described above. In selecting the salt model the depth to the top of the
salt, determined by seismic prospecting, is not changed. Curves of the
residual field are analyzed; these show the differences between the observ-
ed and selected anomalies. The presence of maxima of the residual field
over the marginal parts of the domes is an indicator of the existence of

a salt overhang. The reliability of this indicator is dependent to a con-
siderable degree on the reliability of seismic data on the structure of

the top of the salt in the dome arch.

Work experience shows that there can be errors of two types which can be
the reason for both overlooking overhangs and spurious detection of over-
hangs. For example, in the area of the Zhanatalap Vostochnyy structure
the use of seismic prospecting did not make it possible to trace the top
of the salt to the edge of the overhang. A salt overhang was penetrated
by drilling in a sector where reflections from the top of the salt were
not obtained. Under such conditions the additional use of gravimetric data
for predicting a salt overhang does not give positive results. In the

e Kusanbay Zapadnyy sector reflections from the top of the salt were er-
roneously correlated beyond the limits of the steep salt "bench" in the
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direction of the zone between the domes. This led to a discrimination of a
salt overhang of considerable area in the first stage of interpretation of
the gravitational field. Only with a repeated scrutiny of the seismic data
was 1t established that in the correlation of reflections there had been
an erroneous swltching from the reflecting horizon (the top of the salt)
to a horizon which could be identified with the bottom of the Neocomian.

We note in conclusien that neither seismic nor gravimetric data separately
make it possible to solve the problem of discriminating salt overhangs.
Only the combined use of data from these geophysical methods makes it pos-
sible to achieve a definite success. The described method for the inter-
pretation of gravimetric data is coming into practical use on the Gur'yev-
skaya Geophysical Expedition, which is carrying out a considerable volume
of gravimetric prospecting and seismic prospecting work in the territory
of the Caspian depression,

- COPYRIGHT: Izdatel'stvo '"Nedra," 1978
[409]
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DEPENDENCE OF THE VELOCLTY OF AN ELASTIC LONGITUDINAL WAVE ON THE DENSITY
OF SEDIMENTARY ROCKS IN FOLDED REGIONS

Moscow RAZVEDOCHNAYA GEOFIZIKA in Russian No 83, 1978 pp 128-133
[Article by G. M. Avchyan and G. 0. Aksalyan]

[Text] An investigation of the dependence of the velocity of propagation
of a longitudinal wave vp in rocks on their density o and porosity kp is
necessary when using geophysical methods for studying deep structure of
the earth's crust, breakdown of the geological cross section, interpreta-
tion of data from acoustic logging, etc.

- This dependence has been represented in analytical form by different auth-
ors [1-10]. For example, N. N. Puzyrev [6] cites the following relationship
between vp and O for sandy-clayey and some varieties of calcareous rocks:
Vp=60'—ll.

V. M. Berezkin [2], as a result of processing of data on vp and O for sandy-
clayey rocks from different boreholes on the Russian platform,obtained a
quadratic relationship between these parameters

O = 1.75 + 0.266vp - 0.015v2,

However, B. P. Belikov [1] notes that there is no general functional rela-
tionship between vp and O°. Due to its stochastic form, I. N, Mikhaylov
[4] proposes that use be made of procedures for the statistical processing
of data. Thus, available information on the relationship between rocks and
their density shows that the investigated dependence is different for differ—
ent rocks and regions. It should be noted that the mentioned investigations
were carried out for rocks of platform regions where the influence of mech-
anical stresses is caused primarily by geostatic and stratum pressures, In
folded regions the influence of tectonic processes causing the diagenesis
of rocks and a change in their density leads to a considerable decrease

in density and a greater range of change in velocity than in platform re-
gions [3]. Accordingly, it is of great interest to evaluate the possible
relationships between vp and o for sedimentary rocks in folded regions,
where there are considerable changes in the stressed state of rocks even

at short distances.
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The investigated objects were sedimentary rocks from the zone of the Yer-
evano-Ordubadskiy deep fault in the territory of the Armenian SSR. The
fault is well mapped on the basis of the criterion of impairment in the

- continuity of strata and folds along faults, the presence of mineral
springs, travertine shields, some earthquake foci, and most importantly,
on the basis of the contrasts of sections on its two sides, The amplitude
of displacement of the sides of the fault is about 6 km and thus the per-
manent nature of its development is emphasized, with a tendency primarily
to subsidence of the Yerevano-Ordubadskaya zone.

Rocks, depending on their mineral composition, can be divided into 12
groups and on the basis of structural peculiarities into four groups (see
table). The group of aleuropsammitic depcsits includes sandstones and tuff
sandstones. For sandstones the density values vary from 2.27 to 2.67 g/cm3,
porosity —- from 0.82 to 5.43%, and velocity =- from 3.74 to 5.33 km/sec,

- whereas for tuff sandstones the corresponding values are from 2.15 to 2.65
g/cma, from 1.9 to 17.35%, from 2.89 to 4.53 km/sec (see Table and Fig. 1).

Figure 1,a shows that rocks with a low density have a wide range of velo-
city change. Whereas in rocks with a density of 2.43 g/cm3 waves are prop-
agated with a velocity of approximately 2.1 to 4.0 km/sec (that is, vary
up to 1.9 kg/sec), with a density of dry rock Odry = 2.6 g/cm3 the change
in vp is approximately 0.9 kum/sec.

The group of psammoaleurolitic deposits (terrigenous-clastic limestones)
included arenaceous, clastic, organogenous-detrital, fine-grained and re-
crystallized limestones (see table). Arenaceous limestones have densities
from 2.46 to 2.69 g/cm3, porosity -~ from 0.27 to 10.2% and velocity from
2.54 to 5.58 km/sec.
a. -

b .c
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Fig. 1. Dependence of velocity of longitudinal wave on density of different
rocks. a) aleuropsammitic (sandstones and tuff sandstones); b) terrigenous-
clastic limestones (psammoaleurolitic structure); c) clayey and marly lime-
stones (aleuropelitic structure); d) organogenous-whole shell-detrital lime-
stones.

KEY:
A) vp, km/sec
B) Odry» g/cm3
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Fig. 2. Dependence of velocity of longitudinal wave on density of different
rocks from zone of Yerevano-Ordubadskiy deep fault., 1) experimental data;
2) limits of change in velocity.,

KEY:
A) vp, km/sec
B) Udry’ 8/Cm3

Approximately the same Ohr , kp and vp values are observed for clastic
limestones, whereas for organogenous-clastic limestones the density values
vary from 2,54 to 2,69 g/cm3, porosity -~ from 0.37 to 6.49%, and velocity
~- from 4.5 to 5.45 kméaec. For aleuritic limestone. the densities vary
from 2,58 to 2.72 g/cm3, porosity -- from 0.33 to 2.59% and velocity ==~
from 4.54 to 6,15 km/sec.

- - Rock Classification

by structure by mineral composition
Psammoaleuritic (terrigenous-clastic Arenaceous limestones
limestones) Clastic limestones

Ozganogenous-clastic limestones
Aleuritic 1limestones
Recrystallized limestones

| | Fine-grained limestones
Aleuropsammitic (clayey and marly Clayey and marly limestones
limestones)
Organogenous-whole shell-detrital Organogenous-detrital limestones
limestones Organogenous limestones

Fine-grained limestones

Aleuropsammitic Sandstones
Tuff sandstones
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Fine-grained limestones, in comparisen with the remaining rocks in this
group, are very dense, fine=pored and have high velocity values (see Fig.
l,b). With a density of 2.4 g/em3 the interval of vp change is more than

3 km/sec. This is considerably greater than the interval of change in velo-
cities of aleuropsammitic rocks with an identical density. A similar ple-
ture i3 observed in dependence on the porosity coefficient for the rocks

in this group.

Clayey and marly limestones (aleuropsammitic structure) in comparison with
terrigenous-clastic limestones have low densities (from 2.11 to 2.59 g/em3)
and velocities (from 3.03 to 4.63 km/sec) and high porosity coefficients
(from 3,67 to 19.2%) [see Fig. 1,c]. With low O values and high kp values
the 1imits of velocity change for these rocks are considerably less than for
terrigenous~clastic limestones. When Oypy = 2,4 g/em3 they constitute ap-
proximately 0.8 km/sec.

The group of organogenous-whole shell-detrital rocks includes organogenous=
detrital, organogenous and fine-grained limetones. The first have density
values from 2.61 to 2.66 g/cm3, porosity -- from 0.95 to 2.98%, and velocity
-~ from 4.89 to 5.98 km/sec. Organogenous limestones differ from the rocks
considered above in having a relatively broad range of vp, kp and ©’change.
For fine-grained limestones the studied parameters vary accordingly from
2,62 to 2.65 g/cm3, from 3.46 to 2.97% and from 4.49 to 6.72 km/sec (see
Fig. 1,d). For organogenous-whole shell-detrital limestones with a density
of 2.4 g/cm3 the velocity varies in a range up to 1.3 km/sec.

Figure 2 shows curves of the dependence of the velocity of longitudinal waves
on density for all the sedimentary rocks which we studied. As for the indi-
vidual structural groups, with low density and porosity values there is a
broad range of velocity change. With O’dry = 2.5 §/cm the limit of change
in vp is 3.1-5.2 km/sec, and with Ohry = 2,7 g/cm? the velocity does not
exceed 1.0 km/sec.

- Thus, analysis of data for the Yerevano-Ordubadskiy deep fault shows that
the dependence of vp on O and kp varies. With an identical porosity or
density rocks of ‘even the same group have different velocity values.

In order to clarify the reason for the considerable change in vp for rocks
.of the same type with an identical density or porosity we studied the influ-
ence of pressure p on the velocity of longitudinal waves. Velocity measure-
ments at different pressures were made using a UFS-2 apparatus fabricated at

the All-Union Scientific Research Institute of Geophysics, Simultaneously
with the registry of vp we checked the change in rock porosity. It, like
for rocks from platform regions, did not exceed 1-2% of the absolute poros-
ity. This made it possible to neglect the change in density from pressure

- and construct the dependence of vp on Odry for different p (Fig. 3). A

comparison of the dependence of vp on Ogpy at high pressures with the
results presented in Figures 1 and 2 makes it possible to postulate that
the considerable interval of change in vp despite a constant density is a
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result of the different stressed state of the rocks. The dependence on kp
can be represented by the equation [9)

v = S U=
p i E _E! '
[t 2 [

(T = sol(id); Y= pore; = flu(id)] where M is the Poisson coefficient;
sols ﬁpore' Pr1y are the compressibility of the solid phase of the
rock, the volume of the pore space and the fluid saturating the rock.

L 1

i ]
22 2 260y, fd

Fig. 3. Dependence of velocity of longitudinal gave on density of limestones
for different hydrostatic pressures. P in kg/emé: 1) 1; 2) 503 3) 100; 4) 200;
5) 300; 6) 500; 7) 750; 8) 1000

KEY:
1. vp, km/sec
2, drys g/cm3

In the case of an identical mineral composition (ﬁsol = const) and density
of the rocks the velocity vp is influenced by the compressibility of their
pores, that is, rock elasticity, which, as is well known, is dependent on
the load on the rock. Accordingly, the dependence of vp on O for rocks
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of folded reglons will be determined not only by thelr composition and
gtructure, but also by the pressure at the depth of the rocks. In the
future this peculiarity can be used for evaluating, on the basis of joint
values vp and O, the stressed state of rocks in different sectors of geo-
logical structures. As a parameter characterilzing the stressed state of
rock it Is possible to use pore compressibility. For this purpose it is
necessary to carry out a broader investigation of the dependence of pore
compressibility both on the composition and structure of rocks and on

the pressure and temperature acting on the rock in the course of diagenesis.

1‘

2.
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IV. UPPER ATMOSPHERE AND SPACE RESEARCH
Translations

MONOGRAPH ON SPACECRAFT CONTROL

Moscow UPRAVLENIYE KOSMICHESKIMI APPARATAMI (Spacecraft Control) in Russian
1978 page numbers not given

_ [Annotation and table of contents from book by G. D. Smirnov, Izdatel'stvo
"Nauka," number of copiles not given, 192 pages]

[Text] Annotation. The development of rocket-space technology has dictated
the accelerated development of methods, apparatus and systems for the con-
trol of space vehicles of different types. Candidate of Technical Sciences
G. D. Smirnov tells about this new field of technology in the book. The
author describes the spatial-temporal and statistical characteristics of
space conditions, the tasks of surface support of space flights are de-
fined, and algorithms for analysis and formulation of solutions relating
to the control of space vehicles are described.

- Contents
: Page
Introduction 3
Space and the Motion of Space Vehicles 5
General Description of a System for Space Vehicle Control 33
Problems to be Solved by Space Vehicles. Design Characteristics of
Vehicles 62

Makeup and Purpose of Principal Elements of (ommand-Measuring Complex 100
Processing and Analysis of Routine Information. Adoption of Solutions 145

Summary 186
Bibliography 189
COPYRIGHT: Izdatel'stvo "Nauka," 1978
[8144/1495]
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MONOGRAPH ON SPACE VEHICLE STABILIZATION

Moscow STABILIZIRUYEMOST' KOSMICHESKIKH LETATEL'NYKH APPARATOV. NOVYYE
ZADACHI 1 METODY (Stabilization of Space Vehicles., New Problems and Methods)
In Russian 1978 pp 2, 206~207

[Annotation and table of contents from book by S§. V. Cheremnykh, Mashino-
stroyeniye, 208 pages)

(Text] The book discusses the problems involved in the stabilizacion of
space vehicles in active flight segments from the point of view of some

new methods in the theory of control of motion. A new approach is given

for investigation of the dynamic properties of space vehicles as a controll-
ed object; this is a development of Kalman controllability and observability
theory applicable to this class of objects. Various problems in the analysis
of the dynamics of space vehicles encountered in different stages of their
planning are considered. The book is intended for engineering and technical
workers engaged in the field of rocket and aircraft designing.

Contents
Page
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tant force (14). Electric circuit with generator (16)
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Chapter 2. Stability of Oscillatory Systems With One INput...c.eseee.. 47
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ation of controlled object and regulator, Formulation of
problem (57)
2.2. Investigation of stabilizing of oscillatory system with one
A input.............................................-.......... 60
Quadratic form (§i,'k). Stabilization criterion (60). Direct
method for investigating stabilization of object (67). Fre-
quency criterion for stabilization of controlled object (68)
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