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ELECTRONICSVAND ELECTRICAL ENGINEERING

UDC 621,37/39.029.64,004:634

MICROWAVE RADIATION SPECTRA OF FOREST FIRE FOCIL
Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian No 1, Jan 79 pp 177-180
[Article by Yu. P, Stakankin, submitted 13 Jan 77]

[Text] 1. The possibility of using microwave radiometry in studying forest

fires was discussed in work [1], It was shown that the flame spectrum is de=-
termined by the dimensions and concentration of particles in the flame and

by its height, It was also established that, for detecting and mapping for-

est fire foci when the area is screened by smoke and under the canopy of the

forest, the optimal working wave band is 0,8-1.,5 cm., Data of experiments in

determining the radiation capacity of fire foci cn 0.8 and 3.4 cm waves were

given,

For the purposes of further studies on forest fire foci by the methods of
microwave radiometry, it became necessary to examine models of various types
of forest fire foci from the viewpoint of the special characteristics of
their spectra of radio-brightness temperatures, as well as to conduct experi-
mental studies on microwave radiation of the foci in a wide wave range.

2. The main components of a foci which form the spectrum of radio-brightness
temperature are the flame, smoke trail, crown, and underlying surface.

As a rule, the focus has a complex geometrical shape, and for calculating
spectra of various foci, it is practical to examine a simplified model in
the form of homogeneous isothermal layers of flame, smoke and the crown sit-
uated on an underlying surface.

It is possible to show that the radio-brightness temperature of the strati-
fied model described above is determined by the following relation:

Taih) s ([ (M) Tye=mM 4T (1—e natr))Je=nid) 4 1
+T3(1-e=nM)) et £ Ty (1 —e-mulh)), (1)

where >C(X) is the radiation capacity of the underlying surface; Ty,T;,T;
T4 are thermodynamic temperatures of the underlying surface, flame, smoke,

and the crown, respectively; T,, T3, T ¢ are the optical thicknesses of

the flame, smoke, and crown, respectively,

1
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The optical thickness in the direction of probing is determined by the rela=-
tion

t()=1(A)L )

where '{()\J 1s the absorption coefficient at a unit of path; L is the layer
thickness.,

If the volume concentration of the particles of radius a in the layer is equal
to N(a), and o, (a) is the value of the effective absorption cross section,
then the absorption coefficient

®uano
(M) = j' 0a(a)N(a) da. o)

Methods for calculating absorption coefficients for flame, smoke and the
crown are given in [1].

3. Various focl of forest fires are characterized by different degrees of
heating of the underlying surface, different power of the smoke trail, and
different flame parameters.

Calculations for the spectra of radio-brightness temperature for various foci
were done by the above formulas (1)-(3) with the following gerneral assumptions.

X The radiation capacity of the underlying surfaces was taken to be equal to

- one for all waves. The height of the flame was 2 m, and the weight concen-
tration of particles was 3:10"3 g/cm3. The thickness of the smoke layer was
10 m, and the weight concentration of smoke particles was 3.10-6 g/cm3, Par-
ticles of flame and smoke have the Rayleigh distribution with respect to size
with maximums of 150 and 100 micrometers respectively. The thickness of the
crown was taken to be equal to 2 m, The the¢modynamic temperature of the crown
and smoke was equal to 300 degrees K, and that of flame was 900 degrees K.
The coefficient of absorption in the crown at various waves was selected ac~
cording to the data given in work [1]. Cases of changes in these parameters
will be mentioned specially.

The results of the calculations of the spectra of the radio-brightness tem-
perature of various foci are shown in Figure 1.

Curves 1 and 2 characterize the spectra of foci covered by the smoke trail

and located under the crowns of trees. The temperature of the underlying

surface T for case 1 is taken to be equal to 400 degrees K, and for case 2
- it is equal to 300 degrees K.

It can be seen from the curves that temperature changes in the underlying
surface lead to substantial changes only in the long-~wave part of the spec-
trum,
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Curve 3 characterizes radiation of the burning section situated in an open
arcen In the absence of the smoke trail.

In this case, in formula (1) T3 = 0 and T, = 0. The temperature of the
underlying surface was taken to be 400 degrees K, -

It can be seen from the above curves that i1n the absence of the screening
effect of smoke and the crown, a higher radio-brightness temperature of the
foci Ls observed in the shortwave part of the spectrum than in the case of
foei 1 and 2.

It is of interest to calculate the spectrum of a focus in which there is no
flame (’fz = 0). By comparing it with other spectra, it is possible to eval=-
uvate the contribution of flame to the microwave radiation of the foci. In

- the absence of flame, the radio-brightness temperature of the fire focus will
be determined in the region of shortwaves by the radiation of the crown and
the smoke trail, and in the area of long waves it will be determined by the
radiation of the underlying surface (curve 4). Calculation showed that flame
makes the main contribution to the radiation of foci in the microwave range.

T, ¥
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Figure 1. Calculated Spectra of the Radio-Brightness
Temperatures of :orest Fire Foci:
1 -- a focus under the canopy of the forest
covered by a smoke trail, temperature of the
underlying surface 400 degrees K; 2 -- a focus
of type 1, temperature of the underlying sur-
face 300 degrees K; 3 -~ a focus in an open -
area without the smoke trails; 4 -- burnt part
of a focus without flame.

Analysis of curves 1-4 showed that various components of a focus (flame,
smoke, crown, underlying surface) affect substantially various sections of
the spectrum of radio-brightness temperatures, which makes it possible to
evaluate their parameters.
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Figure 2. Profile of the Radio-Bfightnesa Temperature of
a Forest Fire Focus on 2,25, 10, and 30 cm Waves.
Key: 1, Level of forest radiation
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Figure 3. Experimental Spectra of Radio-Brightness
Temperatures of Forest Fires:
1 and 2 -- spectra of burning sections of
the focus; 3 -- spectrum of a burnt part of
the focus.
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4, Experimental studies on the mlcrowave radiation of forest fires were con=
ducted from aboard an airborne laboratory "IL-18" on 0,8, 1,35, 2.25, 3.4,
10, 20, and 30 cm waves.

The main characteristics of the radiometers used for measuring self-radiation
of forest fires are given in the table

- Flight No Waveband, Fluctuation Antenna Pattern

- cm Sensitivity at Width, degrees
T =1 sec
1 0.8 0.4 3
2 1.35 0.3 4
3 2.25 0.2 5
4 3.4 0.6 7
5 10 0.5 7
6 20 0.4 15
7 30 0.4 26

The flights were conducted at heights of 100-400 m, Radiometric instruments
were calibrated by the radio-brightness temperature gradient of homogeneous
sections of the forest and water surface with known radiation capacity. The
experimental results were processed with consideration for the antenna pat-
terns, Natural fires in Krasnoyarskiy Kray were studied. As a result of the
analysis of large volume of experimental material, it was established that
maximums of the radio-brightness temperatures of fire foci, depending on their
special characteristica, can occur in a rather wide waveband, 0.8-10 cm, In
the long-wave part of the spectrum of 10-30 cm, the radio-brightness temper-
ature of fire foci is very low,

The characteristic radio-brightness temperature distribution in a forest fire
focus on waves of 2,25, 10, and 30 cm is shown in Figure 2. As can be seen
from the figure, the maximum radio-brightness temperature in the focus zone
is observed on a wave of 2,25 cm. The increment of the radio-brightness tem-
perature in the focus zone on a 30 cm wave is small.

Figure 3 shows typical spectra of burning edges of forest fire foci (curves

1 and 2), as well as the spectrum of the burnt part of the focus (curve 3).
It can be seen from the curves that the radio-brightness temperature of the
burning edge reduced to its dimensions is considerably higher than the radio-
brightness temperature of the burnt part. This indicates a predominant con-
tribution of flame to the microwave radiation of the foci.

The special characteristics of the spectra (1-3) can be explained by the in-
fluence of various components of the focus described above,

Analysis of the obtained theoretical and experimental results makes it pos-
sible to make the followiug conclusions,
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1,  The spectra of radio-brightness temperatures of forest fire foci depend
on the parameters of the flame, on the power of the smoke trail and the crown,
and the degree of heating of the underlying surface.

2. The maximum of the radio-brightness temperature of a forest fire focus

is determined by the special characteristics of the focus, For forest fires,
it lies within the 0.8-10 ecm wave range, which it is most prastical to use
for detection and mapping of focl.

3, In the 0,8-10 cm wave range, the radio-brightness temperature of the

burning edge is considerably higher than the radio-brightness cemperature of

the burnt part of the focus, which confirms the predominant rontribution of

flame to the radiation of foci in this range. In the 10-20 cm region of the

spectrum, the radio-brightness temperature of the focus is determined both

by the radiation of the flame, and by the radiation of the underlying surface.
Bibliography
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ELECTRONICS AND ELECTRICAL ENGINEERING

UDC 621.396.96

DETERMINATION o' THE EFFECTIVENESS OF AN EVALUATION-CORRELATION DETECTOR OF
SIGNALS WITH UNKNOWN DELAY BY THE METHOD 0r STATISTICAL SIMULATION

Moscow RADIOTEKMNIKA I ELEKTRONIKA in Russian No 1, Jan 79 pp 184-185
[Article by M, A. Gostyukhina, submitted 6 May 1977]

[Text] The work [1] gives the results of a theoretical analysis and experi-
mental studies of an evaluation-correlation detector of signals with an un-
known delay which uses a follow-up System as a signal delay evaluation unit
with constant parameters and astaticism of the first order and compares it
with an ordinary gated detector. This article gives the results of the de~
termination of the effectiveness of the above-mentioned detectors with post-
detection processing of a group of radio pulses fluctuating simultaneously
by the method of statistical digital simulationm.

In simulating the detectors, the following assumptions were made. The obser-
vation time was fixed and was equal to the length of the group of radio pulses
ng. The input signal was a group of radio pulses of the Gaussian shape.
The amplitude distribution law of each pulse was the Rayleigh Law, and the -
distribution law of the initial phase was uniform in the interval (0.257).
The correlation function of amplitude fluctuations was expomential with the
time of correlation exceeding the duration of the group., The frequency
characteristic of the UPCh [intermediate frequency amplifier] was coordinated

: with the spectrum of the input radio pulse. In order to ensure a wide dynamic
range, the detectors were provided with an ARU [automatic gain control] system.
The detector was a linear inertia-free envelope detector, The post-detector
integrator was a synchronous equilibrium adder.

In preparing a digital simulation algorithm of the formation of the input pro-
cess and its conversion in the UPCh and the detector, the method described
in work (2] is used. For the formation of discrete components of the signal
and noise, recurring algorithms of the simulation of the realization of ran-
dom processes are used. The envelope method is used in simulating the con-
version of narrow-band processes by the selective circuits of the UPCh. The
UPCh is replaced by an optimal filter with a transmission factor on the res-

- onance frequency equal to one and an inertia-free amplifier with the gain
factor controlled by means of the ARU which are connected in series. A se-
quence with a random pulse shape at the input of the ARU system is replaced

7 -
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with a sequence of § -functions with a random amplitude proportional to the
- mean value of the envelope of the signal and nolse mixture at the UPCh out=
- put within the iimits of the gating pulse.

The voltage at the output of the integrator of the evaluation-correlation
detector (at the unit transmission coefficlents of the coincidence circuit
and the integrator) in the n=th period of repetition is expressed in the
form of

Netmesteln)
s(n]m= Vin,m),

mem Nyt tein]

where Ny 18 the initial position of the reference pulse; mg is the number of
discrete values of the envelope within the limits of the duration of the re=~
ference pulse; tg [n] 1s the time mismatching of the signal pulse and the
gating pulse; m = t/At is the integral argument (t is the time from the mo=
ment of the arrival of the sign.1 pulse; At is the quantification spacing);
v(n,m] Ls the envelope of the mixture of the signal with the nroise at the
UPCh output (Z].

The time mismatching is equal to (3]
‘l(ﬂ]-‘nl”‘”"M-l”]-

where lltn[n] {s the change in the time position of the gating pulse during
the repetition cycle.
The change in the time mismatching is equal to

A‘ll"l -kl:llnlv
where ky is the transmission coefficient of the time modulator; z p [n] is
change in contvol voltage during the repetition cycle.

The change in the control voltage at unit transmission coefficients of the
coincidence circuits of the time discriminator is proportional to the value

of
Negmisiglnl Neamyslglnl
salnl= Vin,ml= = Vin,m).
: mas ¥ b eln) me Ny (0]

where Ny, N, are the initfal time positions of "half-strobes"; my, my repre-
gent the number of discrete values within the limits of "half-strobes".

The voltage at the output of the integrator of an ordinary detector with a
fixed time position oflthe gating pulse is expressed in the form of

Netmg

t[n]= _,V_‘, V(n, m],

meNe
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Detection Characteristics: solid curves =- of evaluation=
correlation detector at &4 = 0.5; dashed curves =- of a
detector with gating at £, = 0.5; dash-and-dot curves =--
of a detector with gating at €, = 0; n, = 64,

Key: 1. dB

where Ne¢ 18 the initial time position of the gating pulse; my is the number
of discrete values within the limits of the gating pulse,

The characteristics of the detector are determined by means of the method of
the Monte-Carlo statistical tests and the extreme statistics method [4]. The
simulating algorithms were realized on a digital computer "M=4030". The solv-
ing was done with the following values of the parameters: At = Ty /6 (Tn
== length of the signal pulse), the ratio of the signal correction time to
the repetition eycle is equal to 2ny, the transmission coefficient of the
ARU feedback circuit is equal to 1000, the ARU time constaut is equal to the
signal correlation time. The number of realizations was taken to be equal

to 100 in determining the detection characteristic by the Monte=Carlo method
and equal to 106 in determining the dependence of the probability of false
alarm F on the detection threshold,

Detection characteristics of the evaluation-correlation detector were deter-

mined at the greatest initial time mismatching equal to one-half of the aper-
ture of the discrimination characteristic of the follow-up system, Detection
characteristics of the ordinary detector were determined both when the signal
and gating pulses completely coincided in time, and when there was the great-
est time mismatching €, expressed in the duration of the signal pulse.

The [igure shows the dependence of the probability of correct detection D on
the signal-neise ratio q for the studied detectors when the duration of the
signal pulse i3 equal to the aperture of the discrimination characteristic

in the evaluation-correlation detector and to the duration of the gating pulse
in the ordinary detector. As can be seen, the sensitivity of the evaluation-
correlation detector in the presence of the initial time mismatching of the
signal and gating pulses is higher than the sensitivity of the ordinary de-
tector. For example, at €, = 0.5, D = 0.5, F = 10-7, the gain in sensitivity
is 2.9 d8.
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Thus, as a result of statistical digital simulation of post-detector proces=-
sing of a group of radio pulses fluctuating simultaneously with an unknown

- tion processing is more effective than the ordinary processing.
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ELECTRONICS AND ELECTRICAL ENGINEERING

UDC 621.394.326:621,396.96
OPTIMAL SEIECTION OF INTERFERENCE BY DURATION IN A PASSiVE INFRARED SYSTEM
Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian No 1, Jan 79 pp 186-188
(Article by N. A. Dolinin, submitted 23 June 76)

- {Text] Until the present time, receivers with a relatively large time con-
stant have been used in passive radar systems. In this case, when it is neces-
sary to select targets and identify them, it is very advantageous to use a
system of selection by duration, because different objects in the i:frared
range create signals of various lengths at the input of the receiver depending
on the angular dimensions of each object due to the scanning of the optical

< system, The functional diagram of the selector (Figure 1) consists of a pho-
toelectric converter (FEP) whose output is delivered to a linear fiiter (LF),
and then to a threshold device (UPS Fdevice for conversion of signals]) to
whose second input a pulse with the duration T is sent from a generator of
threshold=duration pulses (GIP) which is triggered by the leading edge of the
signal from LF, The decision regarding the presence or absence of a useful
signal is registered at the output of the UPS circuit, Let us note that FEP
is a receiver performing angle scanning in space.

.

(2)

o

o run

Figure 1
Key: 1. FEP 3. UPS
2. LF 4, Decision

5. GIP

Let us now describe the properties of the useful signal and the complex of
interfering effects on the selector. Let us assume that the amplitudes of the
useful signal and the interference are much greater than the fluctuations of
the internal noise of the FEP, and, consequently, it is possible to select a
sufficiently high value of the threshold C (C>» 4oy , where ¢y 1is the root-
mean-square value of the internal noise of the FEP) at which false crossing
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of the threshold by noise or by fluctuations of the intensity of the useful
signal in the gently sloping sectlion of the pulse is practically impossible,
Signals at the FEP input from the interference and the targets are considered
to be rectangular pulses with a random amplitude x distributed according to
the normal law with different average values (A;, A ) and dispersions (6 e
6%, ) for the signal and the interferenca, We shall have the following sig-
nal at the FEP and LF output:

n(t)=asit),
where
0, 1<0;
= exp(-a.ti
W= a
i~ oxp(-a.z‘o)e
o

o<t<Ty;

~ayi=1e), t>T,.

Here, X, is the FEP inertness index; T, is the pulse duration. “'he duration
of the excess of sy(t) over the threshold C (duration of overshooting) will
be defined by the formula

Coy ] (1)

- i
Tamta=ti=To = ;:-ln [ (1 = exp(=ataTe)) (An=Cate)

In the absence of fluctuations of the signal and interference, x = A, or Ap,
respectively. Let us find the dispersion o1 the duration of overshooting
with consideration for fluctuations and interference. Let us use Aty, Aty
to designate the deviations of the moments of crossing from the values of tj,
t, corresponding to the mean value of the amplitude and the absence of inter-
ference. Then

2z(fHAL) +n (m-c—A.:(h).
23 (ty+AL) +n (1) =CorAgs(t2)s

where n(t{) and n(ty) represent the FEP self-noise at the moments of time tj
and tj wh}ch, as it is always accepted in [1], we shall consider to be white
Gaussian noise in the reception band. Expanding z(tj+ Atj) and z(ty+ Atj)
in a Taylor series, we shall obtain the following from the last equalities:
sde (3000 w0 e
ATwmbti == =0 (z'«.) z'(m) A A
from which the dispersion of the duration of the overshooting will be defined
by the formula

. Gl g a(ty  3(ty) '+ Oa? . Oa?

A\ 2 :'u.-)) A () A0 (2)
0-' 1 {

e e ek

(Aa=Cas)ias? (Ae=Cai)?  (Cas)?
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where &y 2 is the dispersion of the FEP self=noise; 6 2 is the dispersion
of the fquctuations of the interference pulse, Due to the fact that the
ratio of the signal to the noise in the selection system is great, the dur-
ation of the overshooting can be considered to be random values distributed
according to the normal law [2] with a mean value of Tp and the dispersion
of 6g2. It is easy to calculate the probabilities of errors of the first and
second kinds., By writing the expression for average risk in the Form of

Re1Co+ (1=1)C1f,

where A , /5 are the probabilities of errors of the first and second kinds,
respectively; Y, (1- }F) are the a priori probabilities of the appearance of
errors of the first and second kinds, respectively; C,, Cj are the cost funce
tions for the errors of the first and second kinds, respectively, it is pos=-
sible to select the parameters of the selector in such a way that the average
risk would be minimal, Finding a djrivative of R by the threshold ?R/OC

and threshold duration Ty - 9 R/ dT; and equating them to zero, we shall
find the optimal values of Copt, Topt +

Tp Meen (1) IOlg’/p
18 500 \
175 i \
7 1 ol ‘ 4o0}- \
\
185
. 200
16 b 1
10° 0 0% a 0 w0 wAmwern(l)
Figure 2 (Tu=i6.1; 0.=03) Figure 3 (a=10""
Key: 1, msec Key: 1, thousand kilometers

Let us illustrate these results with an example. Let us examine t%z infrared
self-radiation of the earth in the band of 9-12 micrometers as the target
which we have to select from the interference. 1In this case, the interference
will be the radiation of the sun, moon, and other space objects within the
same band, The slow-responding detector will be a standard bolometer with the
inertia index O, = 1000/3 [1/sec], the band F, = 160 Hz, Gy = VYFF = 0.3
microvolt; the scanning system covers a 120 degree angle and is based on stan-
dard scanning motors; it scans this angle in 150 msec. Then, for the sun,

To = 5 msec, because its angle of rotation is 4 degrees. Works [3, 4] give
experimental data for the infrared self-radiatfon of the earch within a band
of 9-12 micrometers, Let us assume that 6; fAg = 6 o/A. = 16/300. The
fact that we took identical energy characteristics for the signal and the
interference does not worsen the quality of the operation of the selection
system, We have Ap /® o (1-exp(~®RoTo)) = 60 microvolts, and Copp = & micro-
volts; in this case, we obtain Tg = 16.1 msec, 6p = 0.3 msec, Having been
glven the values of the probabilities of the first kind A, we find Tq .
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The curve of function Tp = £(tN) 18 given in Figure 2. Substituting the
appropriate constants in expressions (1) and (2), we find that 6 pc ™ 0.28
msec, Tpe * (To + 8.32) msec, 1In this case, To ® £(H), where H is the flight
altitute of the 18z [artificlal earth satellite], If the scanning is done
along the diameter of the earth, then

n-zsnmﬂn—ﬁ—lMWNh
' R+H

where R is the radius of the earth; H is the flight altitude of the 182, Us-
ing the formula for the probability of a second=kind error

-e( 52).

L]
O0) = (T [ expl-tf2)ds
where - {s the probability integral, we compute the
probability of a second-kind error for A= 10~4 and various H., This curve
is shown in Figure 3. We can see that the probability of confusing the inter=-
ference with the useful signal is negligibly small.
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ELECTRONICS AND ELECTRICAL ENGINEERING

Unc 621,396.962.25

TOWARD THE EVALUATION OF THE ACCURACY OF ECHOLOCATION RANGE MEASUREMENTS BY
MEANS OF FREQUENCY-MODULATED SIGNALS

Moscow RADIOTEKHNIKA I ELEKTRONIKA in Russian No 1, Jan 79 pp 188-190

(Article by V. I, Aleshchenko, A, A. Belousov, Yu. I, Zdorovyy, and V. V.
Ustimenko, submitted 20 Dec 1976]

[Text] The works [1,2] mentfon aproperty of LChM [linearly frequency modu=
lated]-signals which makes it possible to "predict" the range of a uniformly
moving object and to minimize its measurement error (i.e., to reduce it to an
error obtained for motionless objects or objects moving at a known rate of
speed), It is also mentioned (see, for example, [1]) that, in order to real-
{re this property, it is necessary to use radars "designed on other princi-
ples differing from the principles of a system,,. with a classical circuit
for obtaining evaluations of parameters" ([1], page 344),

The purpose of this article is to show that, firstly, this property follows
directly from the classical theory of radio engineering measurements of the
parameters of a moving target and, secondly, that it is characteristic not
only of LChM, but also other frequency modulation laws having a high value of
the frequency-time coupling coefficient.

Lot us write the equation of motion of the target in the form

r(1)=re—v(t==ts), (1)
where r(t) is the distance to the target changing with time; r, is the dis-
tance to the target at the moment of the reflection of the leading edgd of

the signal ty; v is the speed of the uniform motion of the target.

The values given in [1, 3] are taken as evaluations of the distance ?o and
speed v:

& . e
fo-—;. D —z-l:-, (2)

15

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100050022-1



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100050022-1

FOR OFFICIAL USE ONLY

A
vhere T and ¢ are the evaluations of the time and frequency shifts of the
signal, repectively.

Then, at a certain moment of time T, (counted from the moment of the reflec=~
tion of the leading edge of the sighal) the evaluation of the distance can

be obtained as
3 M) mre=vT, (3)

Let us find the dispersion of this evaluation:

* e T, (l.)
Dir(Ts)) = —:— ( n';”",’ﬁ; =20:04p T) ,

where 6,22 and 6 2 are the dispersions; p is the coefficient of cross-
correlation of the evaluations of the time T and frequency < shifts of the
signal being received; f, 1s the carrier frequency of the radio signal.

B Let us designate in expression (4) Te/fe=z  and study DT} for the
extremum. We shall obtain the following equation

" 2
. aD{r(T)} . (22041 =20:04p) =0,
ox 4

whence

a
2m g Tum ool (5)

in which case

(6)

- e? ¢t
D(r(Ty))= T o (l-pt)= Tol wesy min

where 6,2 .. 18 the minimum obtainable value of dispersion in the evalua-
tion of the time delay.

Thus, relating the value of d° ance which is being measured to the moment of
time T, defined by relation (5), it is possible to obtain a minimal value of
the measurement error, the same as for a motionless object or an object mov-
ing at a known vate of speed.

For signals for which the measurement errors of the frequency and time shifts
are not correlated (O = 0), the most accurate evaluation of distance corre-
sponds to T, = 0, L.e., to the true moment of reflection. The evaluation of

the distance for the moments of time T different from T = O by means of such
signals will have a greater dispersion equal to

"

n(;(m-i:- (a.‘+o.‘£-) . ¢))
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Kind of Signals f Tx/fo Kp Remarks
1ChM (for al) kinds of envelopes) 1 T/ Af 5500 For TAf = 100
(Af == signal
Nonlinear ™ band width;
1) cosine power spectrum, T == duration)
envelope rect (t/T) 0.994 1,32 T/Af€ 100
2) cosine-square power spectrum,
envelope rect (t/T) 0.987 1.58 T/Af 40

3) power spectrum described by
the Hemming function, 2nve-

lope rect (t/T) 0.974 1,46 T/bDE 17.7
4) parabolic one-sided ¥M, en=-
velope rect (t/T) 0.968 0.94 T/Af 16

For signals for which o 40 (particularly, with a decreasing FM law) T, 40,
f.e., t(Ty) refers to the moment of time preceding the moment of reflection,
and for signals for which p > 0 (particularly with an increasing FM law),
= Ty > 0,i.e., the property of distance "prediction" mentioned in [1] shows
\ itself,

The table gives the values of Ty/fo calculated for various kinds of signals
and the corresponding coefficients of the decrease of the dispersion of dis-
tance evaluation

D(l’u}

Toery

3

Thus, for any laws of frequency modulation it is possible to obtain minimal
values of the dispersion in the evaluations of the distance to an object mov-
ing at a steady radial speed.
In conclusion, let us note that in formula (3) it is possible to use an evalu=
ation of distance r, corresponding to any velocity channel (if the echo sig-
nal does not go beyond the limits of the area of strong correlation), includ-
ing the channel of ¢ = 0, In the latter case, the evaluation algorithm of
r(Tyx) amounts simply to finding 5.
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ELECTRONICS AND ELECTRICAL ENGINEERING

UDC 6214376
. LINEAR REGENERATOR FABRICATED WITH HYBRID INTEGRATED TECHNOLOGY
- Moscow ELEKTROSVYAZ' in Russian No 1, Jan 79 pp 33-36

[Article by Ae M. Mekkel?, Yu., V. Minikov, E. V. Novikov, E. N. Rubinshteyn
- and E. P. Savost'yanovt "A Linear Regenerator of Hybrid Integrated Design
for the Speed 8448 Mbit/sec" /

VA 'l‘ext] The secondary digital transmission system (TsSP) IKM-120 (1) is
implemented on a modern component base: standard integrated microcircuits
(IM3), transistors and mounted electronic components (ERE) with printed single-
_ layer wiring and bunched connections between terminals. Further improvement
. of the TsSP equipment can only be done with difficulty without the extensive
incorporation of hybrid integrated (GI) components.

The most important and highest-volume single-~type unit for cable TsSP's is

the linear regenerator (LR). The degree of its development depends greatly

on the advantages and outlook for the whole developed system. Because of

this, implementing an LR in hybrid integrated design is of particular inter-
est. Experimental development is being done on a linear regenerator for the
TeSP for the speed 8448 Mbit/sec in microdesign. Several linear microregene- -
rators (LMR) have been fabricated and tested whose size and weight are 70 to

75 times smaller than LR's constructed of mounted disorete components and
whose reliability is higher by a factor of one to two.

Considerations in Fabricating a Linear Regenerator

The LMR prototype is still in the developmental stage and it is LR's of dis-
crete components that are considered factors determining the potential for
its fabrication in hybrid integrated design: the difficulty of implementing
inductance and several other circuit quantities with hybrid integrated tech-
nology, the availability of mass-produced "caseless" transistors and other
active components and the development and production of new radio components
such as varicaps and transformers.

It should be noted that the listed new components have been developed with
the potential for their application in LMR's taken into account. Thus, case-
- less "ultrasharp" type KV118A varicaps have been structurally implemented

18
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which are similar to caseless transistors. Serially developed TIIl-255 and
TII1-256 miniature transistors are fabricated in a beryllium ceramiec package
with btall leads and symmetrical windings on a flat permalloy substrate.

Regardless of the overall theoretical and functional identity of the LMR &nd
its prototype of discrete components, they have significant differences.

The nature of these differences is manifested by & simple comparison of the
number and designation of the complete parts set used for the LR and the com-
ponent base of the LMR.

Table
Number of Components in :
_Circuit Gomponents LR LMR
Active Components 50 85
Capacitors 85 87
Resistors 100 170
Inductors 3 -
Microcircuits L -
Total 250 365

An increase in the number of components, especially the active ones, is
associated with the specific nature of hybrid integrated technology for fab-
ricating LMR's while the individual regenerator terminals are more easily
fabricated of circuits with active components and not by means of circults
containing inductance, large value capacitors and so on. However, an in-
crease in the number of components does not result in a reduction of the re~
liability indicators but, due to the use of hybrid integrated technology,
the size and weight of the parts are reduced considerably.

Construction Characteristics of Some LMR Terminals

- An LMR is a device consisting of two large-scale, linear-pulse hybrid inte-
grated circuits with a small degree of integration. The schematic diagram
of an IMR (fig. 1) differs little in principle from familiar circuits of con-
ventional linear regenerators (2,3). An LMR consists of four main blocks:

a tuned discriminating amplifier RKU, a regeneration unit UR, time delay
circuits VVT and a regulated power supply SIP. The LMR may be arbitrarily
divided into an analog and a digital part.

The RKU is part of the analog section consisting of an amplifier US with
sloping automatic gain control accomplished by detectors D, a coincidence
circuit SS with floating threshold (relative to the reference voltage Uyn),
a d-c amplifier UPT and control components UB. The distinguishing charac-
teristic of the digital part -~ the VVI and the UR — is the extensive use
of matched pairs of p-n-p and n-p-n transistors in the circuits of these
units.

19
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Figure 1
U, == refereice voltage 16, US — amplifier
88 -- goincidence circuit 17, SIP == regulated power supply
RKU — tuneq discriminating 18. PUL - threshold device 1
amplifier 19, PU2 — threshold device 2
YVI — time delay circuit 20. SS1 =- coincidence circuit 1
LR == lineav regenerator 21, S92 — coinciderice circuit 2
UPT =-- d-c amplifier 22, Tl — Schmitt trigger 1
D - detector 23, T2 — Schmitt trigger 2
FAPCh -- phased automatic  24. VU — output unit
frequency control unit 25, K LR == linear regenerator ter-
PU =~ threshold device minal
FD -~ phase detector 26, UR -~ regeneration unit

UM — controlled multivi-
brator ‘

FSI -- strobe pulse shaper
FNCh = low-frequency filter
UPT = d-c amplifier

UE -~ control component
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The RKU circuit is divided into variable and fixed discriminators and is
constructed of standard RC components. The variable discriminator matches
the cable attenugtion in a defined frequency band and the amplifier is auto-
matically retuned to compensate for the electrical parameters of the regene-
: ration section resulting from the cable attenuation distribution in these
sections, the effect of temperature fluctuation and so on. A type KV1l8A -
varicap with ultrasharp variation of the capacitance by the bias voltage,
that is with reverse bias of the doping density, is chosen for the tuned
control components of the variable discriminator. Because of this, the
required variation in the capacitance is achieved with small variations in
the bias voltage. '

The fixed discriminator makes it possible to obtain optimum low-frequency
and high-frequency "skirts" for the RKU's amplitude and frequency character-
istic. The main RKU circuit is identical to the prototype implemented of
discrete components (4).

The VVI consists of a threshold device PU, a phased automatic frequency control

unit FAPCh and a strobe pulse shaper FSI. The FAPCh includes a controlled
multivibrator UM, a phase detector FD, a low-frequency filter FNCh and a

d-c amplifier UPT. A characteristic of the VVI circuit is the presence of .
the FAPCh where a controlled multivibrator is used as an autooscillation

generator with phased automatic frequency control. As a result, resonance

circuits not technologically adviseable for GI fabrication were excluded.

The VVI threshold unit is an unsaturated Schmitt trigger. A pulse discrimi-
nated in the RKU and applied to the PU input has a bell-shaped form; its
duration at the 0.5 amplitude level is about 60 nanoseconds. The trigger has
a floating response thresh~id on each of two inputs which ensures invariabi-
lity of the response level of the PU with amplitude oscillations of the in-
put pulses. When the algebraic sum of the constant negative voltage of the
detector FD and the instantaneous voltage of the signal at the trigger input
reaches the level of the response threshold, the trigger flip-flops. In this
case, one of the input transistors of the Pu is off and the second one is on, .
that is the Schmitt trigger circuit operates as a conventional trigger but
with switching of the input triggers.

The phase detaector of the FAPCh is implemented on a balanced circuit. An
FNCh is included in each leg of the FD for quenching an in-phase composite
output signal. The UPT coordinates the FNCh output with the multivibrator
and obtains the required gain.

Matched pairs of transistors of different conductances are used in the con-
trolled multivibrator circuit. Frequency control of the multivibrator is
accomplished by the UPT by varying the bias voltage on the transistor bases.
The regeneration unit is composed of a threshold device for each of the two -
channels PUL and PUZ2, the coincidence circuits 881 and SS2, the triggers Tl

and T2 and the output unit VU. The design of the VU should be noted. It
consists of two legs, each of which is a dual-cascade emitter follower with
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in-phase output depending on the switching of the primary winding of the out-
put transformer. Paired p-n-p and n-p-n transistors with increased capaci-
tance are used in the output cascades.

Diagrams illustrating the operating principle of the irdividual LMR circuit
- terminals are shown in figure 2. The line numbers correspond to the points

in figure l.
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Figure 2

LMR Design and Fabrication Process

The technological cycle of LMR fabrication involves more than 30 basic opera-
tions including monitoring the electrical parameters. The fabrication sequence
is standard for hybrid integrated technology described, for example, in (5,6).
Listed below are the main design specifications incorporated in LMR develop-
ment. The dimensions of the regensrator package should be minimal and comply
with GOST 174,67-72. The package design should provide for normal operating
conditions (particularly provision for heat dissipation) and also storage

and handling. The LMR design should provide for interchangeability of the
generator itself and as far as possible for the repairability of its indivi-
@ual terminals at the fabrication stage.

These specifications govern the regenerator design in tie form of two iden-

tical packages with the dimensions 60 X 60 X 7.5 mm (fig. 3a,b) in each of
which are housed the analog or digital part of the LMR. The package includes
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a certain number of functionally complets blocks, "chipe" & (see fig. 3b)
positionad on two sides of a ceramic substrate with multilayered separation.
Tho heat sinks 3 make contact in three places with the brass end shield of
the package. On the perimeter of the package is enclosed a plastic frame 4
fabricated by pressure-molding the terminal 2 of the package and the heat
sink with a speocial molding powders The terminals 2 on the .ckage are flat,
tinplated and produced from 3 mm thick brass.

The chips are fabricated in a plastic package on an inert glass substrate
in contact with the heat sinks. The active components in the chips are fas-
tened to the glass substrate with a special glue.

The nat cost of an LMR even at the research and development stage seems to
be on the same order as the prototype of discrete components.

Brief Eleotrical Specifications of the LMR
Expansion of "eye-curve" at RKU output with maximum length

of regeneration section corresponding to 70 dB attemuation ’
at half-power frequency according to laboratory measurement
data, ¥ 80
Limits of tuning of automatic RKU discrimination at half-
power frequency, dB 115
Output pulse parameters: E-
Amplitude, wolts +3
Duration, naioseconds 59
Edge width, watts not worse than 8
Reliability of regeneration according to laboratory
measurement data not worse than 1079
Power supply, volts *¢
Input, watts 2
Conclusion

LMR development is the first stage in developing a complets, functionally
complex, linear-pulse LR, more highly developed by a factor of one or two
than an LR of discrete components. The weight and size of the regenerator
are reduced considerably. It can be anticipated that with mass production
of LMR's using hybrid integrated technology, the density of component inte-
gration will be increased, the individual blocks (chipag of regenerators for
various frequencies of hierarchical systems will be unified and the net cost
of their production will be lowered.
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Figure 3a and b

Future improvement of the LMR fabrication process is expected as a result of
reducing the number of fabrication operations by using, for instance, MDP
structures, complementary (mitually completing) transistors and so on. This
vill make it possible to inorease significantly the degree of LMR integration,
.0 lower the input powsr and to ruduce their sise and the units in the hybrid
integrated design for TsSP's at the speed 8448 Mbit/sec. Laboratory research
and experiments on existing TsSP series has shown that the slectrical specifi-
cations of LMR's coincide with the specifications of the prototyps and the
estimated and tested LMR reliability with the mass. A more distant prospect is
the development of monolithic, miltipurpose for various hierarchical systems,
functional linear regenerator units and after that multipurpose LMR's with
plug=in frequency blocks (components) for each actual transmission systen.
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ELECTRONICS AND ELECTRICAL ENGINEERING

UDC 621.391
INTERFERENCE IMMUNITY IN COMMUNICATION SYSTEMS
Moscow ELEKTROSVYAZ! in Russian No 1, Jan 79 pp 42-47

["Article by L. B. Varakin in the column "Systems and Communication Networks":
"Interference Immnity in Communication Systems with Noise-type Signals" 7

[ Text_/ Introduction. During information transmission from a great dis-
tance, in some cases the power of preformid interference at the receiver in-
put and in ite bandwidth may increase the signal power considerably (vy 20
to 50 dB). Preventing such high-powsr interference always has been and re-
mains a serious engineering problem in commnication systems. Solving this
problem has a great importance even now since the number of different elec-
tronic devices is growing and the frequency bands remain the same.

Noise-type or complex signals and matched filters or correlators (1) may be
used to prevent high-powsr preformed interference. This method is used
successfully in various radio equipment systems including communication sys-
tems. Those signals whose base is the product of the speotrum width P at
duration T are also called noise-type signals:

I B=FT>1. {1

The interference immunity of a discrete information receiver with a matched
filter (or correlator) is determined completely by the signal-to-noise ratio
at the filter output:

q,’, = 2E|Np, vi}

where E is the signal energy and Ny is the spectral density of the noise
power st the receiver input. If the average noise power Py is limited and
there is interference in the frequency band of the signal, tten Ny = Pp/F.
Since the signal energy E = P.T, replacing E and Ny in (ZS we obtain

ne="7—2B. 3)

Pgr example, assume that (P./Py) dB = - 4O dB and it is necessary to have
Qgp = 13 dB at the output. In this case, noise-type signals with the base
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R Bsdgg = 50 dB or B = 105 must be used. As powsr calculations show, inbcon-
témporary communication systems with noise-type signals, B = 104 to 10°.

On the other hand, the interference immunity of an optimum receiver exposed

to noise with a limited spectral power density does not depend on the form of
the signal and its base but is determined only by its energy according to (2).
For this reason, interference whose average power is limited will be considered
in what follows.

First, formula (3) was obtained for noiss interfsrence with limited average
powsr but it also holds true for other interference including narrow-band,
pulsed and structured interference (interference having the same structure
as the useful signal). With structured interference is classified intra-
system, retransmitted and similated interference.

For some time past, preventing preformed interference in communication sys-
tems has bsen done on broader terms. The working ability of a communication
system must be ensured during concurrent exposure to a group of interferences,
such as that of the receiver's internal noise, high-power noise, pulsed and
intrasystem structured interference and so on.

In a large portion of the known studies, the combined effect of noise and
narrow=band interference is investigated. Here, band-elimination filters
which suppress inherent narrow-band interference should be part of the op-
timum receiver. If the spectral densities of narrow-band and noise inter-
ference are added together, then the optimum reception is reduced to recep-
tion of a signal in a background of uorrelated interference (noise with an

. erratic spectral power density). This problem was solved by V. A. Kotel'-
nikov in 1947 (4). He showed that the optimum receiver should contain a
"whitewash" filter whose transmission factor is smaller the larger the spec-
tral density of the interference. The main point is that the "whitewash"
filter is depended on for all optimum methods of signal reception in a back-
ground of noise and narrow-band interference with known parameters for the
interference and of all self-adjusting reception methods when the parameters
of the narrow-band interference are unknown.

The prevention of pulsed noise is also the subject of many studies but in
most cases the ShOU (wide band-clipper-narrow-band) circuit proposed by A.
N. Shchukin in 1946 is used. The ShOU circuit directly or in modified form
is a part of receivers which receive signals in a background of noise and
pulsed interference. The clipper eliminates pulsed noise but reduces the
signal-to-noise ratio of the interference. The combined use of band-elimi-
nation (band) filters and ShOU circuits constitutes the basis of a number of
empirical methods for preventing narrow-band, pulsed, noise and structured
interference (6,7 and others).

In addition to empirical methods of reception, there are general methods of
synthesizing self-adjusting receivers (8,9 and others). The characteristics
of a self-adjusting receiver should depend to some extent on the parameters
of the noise distribution functions. However, existing methods of synthesizing
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self=adjusting receivera still have not given a conclusive answer to the
problem of how to construct a receiver for comminication systems with nolse-
type signals and what characteristios it will display, although the general
structure of such receivers is known (10), namely that it is a multichannel
raceiver in which the analyzer measures the interference level in the channels
and varies their transmission factor. In study (11) a quasioptimum self-
adjusting receiver for a noiso~type signal in the form of a phase-modulated
signal which either switches the channel over to the output or switches 1t

off is examined., In communication systems, optimum and quasioptimum self-
adjusting receivers have already been in use for a long time in space-diversity
reception (12 and others). However, space-diversity reception is accomplished
with a small number of channels and contemporary noise-type signal receivers
are characterized by a large number of channels which is responsible for a
number of their characteristics.

For this reason, ressarch on interference immunity of communication systems
with nolse-type signals is an urgent problem which is confirmed by the con-
clusion of a book published in our country (13) and by a special magazine
issue published abroad (14).

Thus, to prevent high-power interference it is necessary to use noise-type
signals with large bases and to accomplish reception by means of receivers
which are linear with matched filters, nonlinear and self-adjusting. The
purpose of this study is to determine the potential interference immunity of
a self-adjusting receiver for noise-type signals and to compare it with linear
and nonlinear receivers.

Basic Calculations. To investigate the effect of a set of interferences on

a useful signal, let us consider the energy distribution of the signal and
interference on the frequency and time plane (fig. 1) where a reference base
rectangle is selected whose square equals the base of the useful signal.

The carrier frequency of the signal is labeled f The base rectangle is
subdivided into frequency and time elements (chvﬁ) using M for the frequency
(horizontal) and M for the tims (vertical) bands. The duration and width of
the ChVE spectrum equal T, = T/M and P, = F/M respsctively. The cross-hatches
signify thoss ChVE's in which the energy of random structured interference is
distributed in the form of a discrete frequency signal (15). The energy dis-
tribution of narrow-band interference with the spectrum width fy, is represented
by the wide horizontal line and the wide vertical 1ine represents the energy
distribution of pulsed interference with the duration T.. The energy distri-
bution of tha useful signal in the base rectangle depenga on the type of

signal. ty0Ff2 \f
A !

L
2
]
Fotis

i

f. tf/f'
!
fo-Fl2 1M L,
: A

¢t
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In figura 2 is shown the energy diatribution of four of the most common

types of nolse=type signals (15, 16)t a == for a phase-modulated signal
corisisting of N pulses of duration T, = T/N (the energy of each pulse is dis-
tributed in a vertical band of width F and duration Ty; b — for a discrete
frequency (DCh) signal consisting of L pulses each of which is distributed
in the rectangle with sides T, and F,; ¢ == for a discrete composite fre-
quency signal with frequency nodulation (D3Ch-ChM) consisting of L pulses
which are groupsd in K ChVE's with duration T'_ and spectrum width F', (16);
d == for a discrete composite frequency signal®with phass modulation ?Dsch-m)
which consists of K ChVE's with duration T', and spectrum width F', and each
ChVE contains S radio pulses. The energy oz an individual radio pulse is
located in the vertical band with sides T, and F'qs Comparative data on the
signals under consideration is given in table 1.

Table 1

Number of Number of ChVE's Number of pulses
Type of signal elementary (length of ex- in ChVE (length 8ignal base

ges te ode) of {internal code
™ N - - N
DCh L L - 12,
DCh=ChN L K L/K de(ztk)
DCh-FM XS K S Kes™

A self-adjusting receiver uses information on the signal energy distribution
in a frequency and time plane. Assume that there is coherent reception r

of orthogonal signals. The receiver will contain r filters ¢;..., r (rig. 3)
whose voltages acroas the outputs act as a resolver RU. httor adopts a
solution at the moment of signal termination. With noise interference, the
filter should be matched; with random interference it should be self-adjusting.

A standard circuit for a self-adjusting filter (one of r) is shown is figure
L. It consists of Q channels in each of which there are a component matched
filter, delay lines and an amplifier with variable gain factor. The matched
filters S9....,3¢, are determined for the ChVE of the signal and the delay
lines comp%nnte for time lag of the ChVE's, that is at the moment of signal
termination (t = T) the peaks of the autocorrelation functions (AK$ ) of
the elements coinc’de and there is coherent accumilation. The channel ana-
lyzer AK produces an analysis of the voltage records across the outputs of
the S's at the movent of signal termination and establishes the gain factors,
that is the weights with which the voltages across the filter outputs enter
into the overall total, according to the adopted algorithm.
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Key:

3. RU == resolver

1. §, — riiter 1
2, ¢l‘ - filter 2
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Key:
1. St == matched filter 1 3. AK == channel analyzer
2, 8¢y, = matched filter 2

The interference immunity of a self-adjusting receiver exposed to interfer-
ence whose energy is concentrated in some way in the individual ChVE's of
the base rectangle (see fige 1) depends on the numbor of coincidences
ChVE's of the signal and noise and on the signal-to-noise ratio at the out-
puts of the s¢'a (the compornent signal=-to-noise ratio). To determine the
number of coincidences, it is necessary to analyze those ChVE's in which the
signal energy is concentrated. The number A of the analyzed ChVE's for the
aignal types being considered is given in table 2 along with the base of the

component matched filters.

Table 2

Number of ChVE's Base of component
Type of signal _ enalyzed tched filter
M M 2N
DCh HEAS M2 BL4/M
DSCh-ChM M 12
DSCh-FM M s

For DSCh-ChM's and DSCh-FM's of signals, it is assumed that K = Mo The
number of ChVE's analysed is determined by superimposing figure 1 on fi
2a-d. It is apparent from table 2 that the lowest number of analyzed Ch

is required for signals of DSCh-ChM's and DSCh-FM's.

In table 3 a=e shown the values of the number of coincidences of narrow-band
(or pulsed) and structured interference with all the considered signals. In
determining the number of coincidences, it is assumed that only one inter-
ference is active while structured interference belongs to the class of sig-
nals under consideration. Correlation sharacteristics of signal FM'e are
determined by intercorrelation functions (VKQ) and not by the m.uaber of coin-

cidences. It is known that the root-mean-square value of the VK

signal FM is equal to 1/ AN = 1/M, which coincides with the mean value of the
relative number of coincidences for the DCh, DSCh-ChM and DSCh-FM of the

sian‘lﬁ (17) .
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Table 3
Narrow=band pulsed Structured interference
interference
Number of Relative no. Average no. Average value
Type of signal coincidences of coinei- of coinoi~ of relative
dences dences nos of coinci~
denges
FM M 1/M - -
DCh M 1/M 1 1/M
DSCh=ChM b /M 1 /M
DSCh=FM 1 /M 1 IM

It follows from table 3 that the nolse-type signals under consideration have
identical characteristics from the point of view of the number of ChVE coin-
cidences of signal and interference, i.e. they do not have basic advantages
relative to one another. However, the DSCh-ChM's and DSCh-FM's of signals
make it possible to have a smaller number of channels in the self-adjusting
receiver. For this reason, hereinafter the formulas are developed for DSCh-
ChM's and DSCh-FM's of signale. But the results obtained will be true for
any noise-type signals since definitive formulas depend on the relative num-
bar of "affected" ChVE's.

Note that the method based on determining the number of "affected" ChVE's
and the component signal-to-noise ratio is true for interference not correla-
ted with noise~type signals.

We determine the component signal-to-noise ratio at the output of a random
component matched filter in the following manner. Assume that signal recap-
tion is always accomplished in a background of the receiver's own noise which
is a standard random process with uniform spectral density of power N,

Assuming that the number of ChVE's equals M, the energy of the ChVE's is
Ey = Pg T/M. The component signal-to-noise ratio at the output of the com~
ponent matched filter exposed to noise alone is

a3 = 2L/, U
Let us suppose that the preformed interference coincides with m of the ChVE's
and, independently of the number of affected components, the power is
Pr = const. In this case, the interference power entering one component
equals Py/M and the cumulative interference and noise power is (Py/M)+ Pm .

- With this kind of hypothesis, the component signal-to-noise ratio exposed to
interference and noise is

2P, ME -
&=, | 4 2P mMB, v
P, P g
mane
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where B, u F4T, 48 the ChVE base and qaay = MgZ = Z8/Ng 1s the maximum
signal-to-noiss ratio equal to the signal-to-noise ratgo at the output of
the coherent acoumilator, the accumuilator (figs &) exposed to inherent noise.

Formula (5) like (3) is true for noise, narrow-band and pulsed interferencs
(2,3): for noise interference with uniform spectral density of interference
in the limits of the band of the frequency component; for narrow-band inter-
forence with a constant in the limits of the frequency band Fo ratio of the
transmission factor for the component matched filter and for pulsed interfer-
ence with TPNI/F.

?A/‘b’vut
0|~
N
N
02 b \\ ) \2.
ﬁ’/h,vm !

0 02 O 06 02 miM
Figure 5

A Matched Filter and Linear Accumulator. First, let us consider the case
when the transmission factors of the amplifier in figure 4 are constant, l.e.
the filter in figure 4 is matched, the m's of the ChVE's are dfootuﬂ by
interference, i.e. inm chmnels, the signal-to-noise ratio equals qp (5) and
in (M = m) channels it equals q (4). In this case, the signal-to-noise

ratio is
2 | =1
m mQ,
qc = Quane (1 ] +Mq3,.) . 6)

Substituting qg and qi in (6) according to (4) and (5), we obtain

7: 43..:
I
Gat Quane

where q% (2) is the signal-to-noise ratio under the condition that there is

no noise and the interforence A.t‘fecﬁa ;l& M components. In figure 5 the
straight line 1 is the dependence q, / of m/M constructed according to
(7). Since q2 is independent of m, the straight line 1 is parallel to the
axis of the abscissa. From (7) two basic conclusions follow. l. The signal-
to-noise ratio at the output of the matched filter in figure 5 does not de-
pend on the number of affected components. This 4s a result of restricting
the overall power of the interference P, and its uniform distritution on m
affected conponoats. 2. _The ratio qg i d!m less than the least of the
ratios or Qg If 2 Pqp » then Nq In this case, it follows
from (2) that the signal- i{se ratio is determined only by the signal base.

)

9
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Self-adjusting Filter and Optimum Accumulators. In a self=-adjusting filter
(sae figs 4) the voltages from the outputs of the component matched filters
are added in the coherent accumilator with a certain weight. The weights

are ostablished in amplifiers with a variable gain factor. A similar problen
18 nolved in the theory of space-diversity reception (12). For this reascn,
we will take advantage of the known results. With a coherent acoumulation
weight at the output of the accumulator, the maximum signal-to=-noise ratio
oxista with the following weight factor sample:

¢n et Vp)Pya, ()

where V. is the signal component and Py,is the interference power at the out~
put of Phe n channel. From (8) 41t follows that the greater the interference
powsr, the less the weight factor. Let us recall that such characteristics
are possessed by "whitewash" filters. With the sample ¢n corresponding to
(8) the signal-to-noise ratio at the output of the self-adjusting filter is
maximum and equals

M
QQA = 2 Q:- 9)
ne=l
where q% is the signal-to-noise ratio at the output of the n chagnel. Let
us assume that in m channels, the signal-to-noise ratio equals qp (5) and
tn (M -m) components it equals g3 (L). Then

A=M-mg+m. (10
Replacing qg and f\ in agreement with (4) and (5) we obtain from (10)

2
n mqn
Q.’\‘—“?zn: [1_7\7'*' M X

) m o -t
% ( dhne + 048 ] )

With m&Mqimq? _, (1 - m/M) also differs little from g3, . It is in this

that the aﬁlf—a usting filter consists: the portion o VEts affected by
high-power interference in general has a lower signal-to-noise ratio and when
m&M with them it can be ignored. With m = M, when all compogenta are affected,
the signal-to-noise ratio £ (11) reaches its minimum value qy = qﬁ (7), i.e.
the self-adjusting filter always provides improved interference immunity
compared to a matched filter. The curve 2 in figure 5 represents the depen-
dence q/q2,. constructed according to (11). When m/M&1, the curve 2 coin-
cides with The straight line 3 described as 1 - m/M. With a reduction in

Q5 » the curve 2 gpproaches straight line 3.

In those cases when the individual values of the signal and noise powers
cannot be found, it is possible to use a quasioptimum self-adjusting receiver
in which the weight is defined as

'"”".’(VZ‘*'PM)o

kX]
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100050022-1



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100050022-1

FOR OFFICIAL USE ONLY

where a is a defined constant. The calculations show that with high-power
interference, quasioptimum and optimum self-adjusting receivers are practi=-
cally the same in interference lmmunity.

The Nonlinear Filter. In study (7) a receiver is described with a nonlinear
filter which differs from the one described in figure 4 in that, in each
channel, there is first a band-pass filter, then a limiter followed by a
component matched filter and delay line. In (7) the interference immnity of
a receiver with the kind of nonlinear filter associated with coherent and
noncoherent reception is analyzed. In the assumed designations, the signal-
to-noise ratio at the output of the nonlinear filter is

L m\?
o= T 7(1 - 17) Lo

In figure 5, the curve 4 characterizes the depegdeace ql?{ / 2 . of m/Ms The
ratio T4 results in 1 dB of loss. The ratio ql/qu is gharp reduced with
an increase in m/M since qﬁ depends on m/M with (1= m/M)“. At the same time,
in the optimum self-adjusting filter, the signal-to-noise ratio is reduced
by approximately 1 - m/M. This is explained by the fact that in a self-ad-
Justing filter, the signal-to-noise ratio is determined by fornmla (9) =-- the
less the component signal-to-noise ratio, the less it affects the overall
signal-to-noise ratio, i.e. in essence, affected components are eliminated
in a self-adjusting filter. In a nonlinear filter, the affected components
always remain and add interference equal to the power of the ChVEts of the
useful signal to the voltage across the output. Since the affected compo-
nents with high-power interference are interferences, their presence as a
whole results in a worsening of the interference immunity of the nonlinear
filter as compared %o a self-adjusting filter. It can be seen from figure

5 that when m/M>0.6, the nonlinear filter will be significantly inferior to
a matched filter.

An Analyzer for Self-adjusting Filter Channels. To operate a self-ad justing
filter, it is necessary that the channel analyzer establish weight factors
corresponding to (8). Into the chamnnel analyzer enters the, sample 2j,%Z2e¢¢,%;
in which must be found the values of the signal amplitudes U , the noise
power and the interference plus noise power. Detecting such values is a
self-instruction problem of the filter (8,9,13). Without considering this
problem in this article, let us note that the accuracy of the values is higher,
the greater the number of ChVE'e in the signal, since the sample number is
inereased with an increase in M and this increases the accuracy of the values.
In turn, an increase in the accuracy of the values results in an approxima-
tion of the exact interference immunity of the self-adjusting filter to the
potentiul defined in formula (11).

Conclusions. 1. Exposed to high-power preformed interference, a self-adjus-
ting filter provides maximum interference immunity. 2. A nonlinear filter
is inferior in interference immnity to a self-adjusting filter, particularly
in the increase in the number of affected components. 3. The least inter-
ference immunity of a communication system with a self-adjusting filter will
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ocour in that case when the interference affects all of the components. In
this case, the interference immunity of a self-adjusting filter coincides
with the interference immunity of a matched filter.
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ELECTRONICS AND ELECTRICAL ENGINEERING

UDC 621.391.28
UNIFIED AUTOMATED COMMUNICATIONS NETWORK TERMS EXPLAINED
Moscow ELEKTROSVYAZ' in Russian No 1, Jan 79 pp 48~53

["Article by T. A. Viadimirova, K. A. Sil'vanskaya and A.Ya. Netes in the
column "Questions of Terminology": "Terms for the Unified Automated Communi-
cations Network (BASS)" 7

[ Text / COST 22348~77 "A Unified Automated Communications Network. Terms
and Delinitions" was put into effect on 1 Jan 1978 by decree No 295 of the
State Standards Committee of the USSR Council of Ministers of 4 Feb 1977.

The COST / All-Union State Standard / was developed in accordance with the
procedure of the All-Union ScientifIc Research Institute for Technical Infor-
mation, Classification and Coding with allowance made for the recommendations
of the USSR Academy of Sciences Committee for Scientific and Technical Termi-
nology and other interested organizations based on principles and technical
solutions incorporated into EASS'a. A wide group of enterprises and organi-
zations of the USSR and union republic ministries of communications, the
NTORES / Scientific and Technical Society of Radio Engineering and Telecom-
munications_7 imeni A. S. Popov terminology commission and the USSR Academy
of Sciences, scientific research, educational and planning and production
organizations took part in discussion of the plan for the standard.

In the standard are terms and definitions which incorporate the basic concepts
of the Unified Automated Communications Wetwork. The GOST contains 66 terms
classified into two sections: "Primary EASS Network™ and "Secondary EASS
Network". In a reference appendix to the standard 2 number of terms are preson-
ted from the field of electrical commnications which have a direct relation-
ship with EASS's and also structural diagrams of primary and secondary EASS
networks, systems and transmission lines. These diagrams facilitate under-
standing of the terms and their interrelationship.

The GOST does not exhaust all of the various terms used in EASS's but charac-
terizes only the basic and most frequently used terms. The majority of terms
of the standard apply to a primary EASS network. The development of a num-

ber of terminological state standards for individual secondary EASS networks
is considered in what follows.
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The GOST was composed taking into account the current state of soience of
both the equipment and principles incorporated into EASS's and for this reason
aome of the terms introduced differ in principle from the traditional ones
used before.

In this connection, explanations are given in the article for the new EASS
terminology and definitions. For convenience, after the terms in the article
text are given their series numbers in the strndard and a number with the
index JT designates the series number of & term in the reference appendix.

The first term in the standard is "Unified Automated Communications Nstwork

(EASS)" to which the rest of the standardized terms are related. It reveals
the concept of EASS's as systems for electrical communications which are
systems of technical communications equipment interacting on the basis of cer-
tain principles, the main ones of which are the organizational and technical
unity and function of EASS's. Its basis is a primary network of standard
transmission channels and standard group channels. All secondary EASS networks
are constructed on the basis of a primary network and are intended for satis-
faction of the needs of enterprises, organizations, institutes and the countryts
population for transmitting any information converted into electrical commmni-
cations signals. Attention should be given to the fact that, because of ac-
cumulated circumstances, the abbreviation EASS is expanded as Unified Auto-
mated Communications Network although the term corresponds to the concept
Communications System.

The second term is the term "primary network" which begins the main section of
the standard. By primary network is meant a collection of network terminals,
network stations and transmission lines which constituts the standard trans-
mission channels and standard group channels in an EASS.

With the standard transmission channels of an EASS primary network are grouped:

a voice frequency channel (TCh) with an effective transmitted frequency
band of 300-3400 Hz;

an audio broadcast channel with effective transmitted frequency band of
30-15,000 Hz (higher class), 50-10,000 Hz (first class) or 100-6300 Hz
(second class);

a television audio signal transmission channel with effective transmitted
frequgncy band of 30-15,000 Hz (higher class) and 50-10,000 Hz (first
class);

a tzlevision video signal transmission channel with a frequency band up
to 6 Miz;

a wide-band channel based on a group channel (primary, secondary and so on).

38

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100050022-1



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100050022-1

FOR OFFICIAL USE ONLY
With standard group channels of tho EASS primary network are classified:

a primary group channel with an operating frequency band of 31.2.3=551.4 kHz;

a tertiary group channel with an operating frequency band of 8123~
2043.3 kiz

a group channel of a higher order.

As far as the introduction of digital transmission systems and the development
of norms for their parameters in a primary network are concerned, the following
standard digital channels are possible:

a subprimary digital channel (STsT) with rated transmission speed of
0.512 Mbit/sec;

a primary digital channel (PTsT) with a rated transmission speed of
2048 Mbit/sec;

a secondary digital channel (VTsT) with a rated transmission speed of
84,48 Mbit/sec;

a tertiary digital channel (TTsT) with a rated transmission speed of
34,368 Mbit/sex;

a quarternary digital channel (ChTsT) with a rated transmission speed of
139,264, Mbit/sec.

A transmission channel or group channel is called standard when its parameters
are standardized. All of the transmission channels and group channels of an
2ASS primary network are standard. Because of this, the terms Mstandard group
channel of a primary EASS network" (14) and "standard transmission channel of
a primary EASS network" (20) should be ueed only in individual cases when it
is necessary to contrast them with some other kind of nonstandard channels.

Transmission channels and group channels of a primary EASS network may be
simple and composite. A simple group channel (16) and simple channel (27)
have equipment for producing & group circuit or channel only at their input or
output. A composite group channel. (17) and composite channel (26) have tran-
8its corresponding to group circuits or channels (in the f{'requency band or
with the transmission speed of the group circuit or channel). The transit of
group channels of a primary EASS network (29) was previously designated a

VCh transit. The transit of transmission channels of a primary EASS network
was previously designated an NCh or TCh transit. Terms with the abbreviation
"YCh™, such as "VCh transmission system™ should not be used since the exten-
sive adoption of radio transmission systems has expanded considerably the fre-
quency band used in EASS's and, naturally, wire transmission systems as com-
pared to radio systems cannot be called high frequency systems.
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A local primary network (3), an intrazone primary network (4) and a main cirocuit
primary network (6) are component parts of a primary systems The system of
intrazone ard local primary networks in a territory coinciding with the nu-
meration zone of the Statewids Automatic Keyed Telephone Network (0AXTS)
represents a zoned primary network (5). Thus, a primary network of EASS's
ineludes one main circuit primary network and a variety of intrazone and local
primary networks.

The term "zoned primary network" is secondary and its use is adviseable in
coordinating secondary EASS networks. Not infrequently, the terms (3-6) are
used in distorted form. Thus, for instance, instead of "main eirouit primary
network" is used "primary main circuit network".

A network terminal (7) and a network station are components of a primary
network. Network terminals and network stations are systems of technical equip=~
ment which accomplish the organization and transit of group channels and
transmission channels of a primary network. Network terminals primarily ac-
complish the organization of transits and the separation of a limited number

of channels and oircuits to secondary networks and other users. Network stations
are the terminal points of the primary network in which a large portion of the
channels and circuits are available to secondary networks. Depending on the
primary network to which it belongs, a network terminal is assigned the name
"main oircuit™, "intrazone", "local" or terminal of the first, second or third
class respectively. Thus, network terminals and network stations of a p

BASS network are called territorial network terminals (first and second class
TSU-1 and TSU-2, network switching terminals (£irst, sscond and third class)
SUP-1, SUP-2 and SUP-3 , network separation terminals (first and second class)
SUV-1 and SUV-2, main circuit network stations M3S, intrazone network stations
vSS and local network stations SSM.

A transmission line (9) is a component of a primary network. A related term
noommunication 1ine® (12T ) is given in the appendix. If a transmission line
(fig. 1) 1s a system of linear channels for a single type “r diverse types
of RASS transmission systems having a common propagation agent, linear con-
struction and maintenance units, then a communication line is a system of
transmission systems having a common propagation agent, linear construction
and maintenance units, that is it includes in addition to linear channels,
group channels and transmission channels. Consequently, in all cases when there
is reference to development (planning, construction and so on) not only of
1inear but also of group channels or transmission channels, it is adviseable
to use the term "commnication }ine".

A number of the standard’s terms are associated with group channels of a pri-
mary EA3S network (13-17). Group channels in network terminals and stations
are equipped with a special device for correcting amplitude and frequency
distortion, the input and protection of control frequencies (KCh) during
transmission and their blocking during reception. A standard group channel of
a primary EASS network including such a device at its input and output to
permit provision of a group channel to all users and also development of group
channels with less channelled nature, wide-band channels or TCh channels is
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: oalled a "network channel of a primary EASS network" (15) and the device is
called a "device for developing network channels". Qroup channels not equipped
with device are used, as a rule, in network terminals and stations only in
transit organisation.

Kanam_neprdavu tramanw 1) (1)

__(2) Cemebod_mparm_inepbuvmd, dmopuwsii v md)
e o) At pporn - _
s s ebnin ()]
e L S e nepetaw (8T |
]rh tpedd ._T.._. ........ -
AKN (3 o8t é
Aln

11

S sbae s ma e casas.

— [ Sy
Cuemena neprdove £
f.ﬂ"f’l’f’.".’.ﬁ”"::,i i) rohAL| |

‘,’_" AXN Fﬂm/lf ; oA

Figure 1« AKP = channel conversion device; AOST ~- device for developing
network channels (primary, secondary etc.); APPG — device for
converting primary groups (APVG — secondary groups etc.); ASp —
coupling device; OALT -- terminal device of linear channel;
ust (OUP, POUP, HUP) — booster stations for served, semi-served
and unserved booster points.

Key:
1. Transmission channels (TCh channels)
2. Network channel (primary, secondary etc.)
3. Linear channel
4+ Commnication line
5. Transmission line
6+ Transmission system
7. cable

In addition, the incorrect use of the term "group channel" (13) is frequently
encountered in cases when there is reference to network channels.

It is especially necessary to consider the term "EASS transmission system"
(32) which is introduced instead of the widely used term "multiplex system"
whose use is inadmissible. A transmission system is a system of technical
equipment which accomplishes the development of a linear channel, standard
group channels and transmission channels of a primary EASS network consisting
of the transmission system stations and the propagation agents of electrical
commnication signals. Consequently, the wire systems K-1920, K-60TT, IXM-30
and ones like them are transmission systems since they directly accomplish
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the organization of transmission channels and standard group channels.

In contrast to wire systems, many radio systems (radio relay in direct line~of=
sight, tropospheric radio relay, satellite relay and 8o on) produce only

trunks and for developing channels and group channels, cable transmission
system equipment is also used. Such radio systems by themselves (by QOST
definition) are not transmission syatems (rig. 2). Depending on the type and
consequently on the number of trunks, the radio system may accomplish the or-
ganization of a corresponding number of transmission systems. These trans-
mission systems receive the name corresponding to the name of the trunk,

such as "analog radio relay transmission system", "digital radio relay trans-
mission system™, "satellite system for transmitting audio broadcasts™ and so ons
In this case, the KURS-4 radio relay system ip able to accomplish the organiza=
tion of up to six transmission systems, the Orbita satellite system up to

three transmission systems and 80 one

The section of the standard "Secondary EASS network” contains 11 terms. A
gecondary EASS network (56) is a system of switching stations, switching ter-
minals, terminal subscribers! unite and secondary network channels organized

on the basis of the transmission channels of the rimary EASS network, Depen-
ding on the form of electrical communication (1), & secondary network takes
an appropriate name. In EASS's, the following secondary networks are organized:
a telephone network, a general use telegraph network, a subscribers! telegraph
network, an audio broadcasting network, a television broadcasting network and

a data transmission network.

The majority of secondary networks 1ike the primary EASS network have a three-
stage structure, i.e. they consist of main circuit, intrazone and local su-
condary networks. Since the telephone network has its own historically evolved
terminology (GOST 19472-74), the term "intercity telephone network" corres-
ponding to the term "main circuit secondary network" is retained at a certain
stage.

The switching station (59), channel switching terminal (60), commnication
switching terminal (62) and secondary network channel (64) are the component
parts of each secondary network. Switching stations and switching terminals
should not be confused with network stations and network terminals of a pri-
mary EASS network. The function and composition of the technical equipment
of the terminals and stations of primary and secondary networks differ.

To ensure normal operation of the primary network and its individual parts as
well as secondary notworks in EA3S's, a control system is included for the
primary network (55) and, in each secondary network, a control system for a
secondary network (66) is included. Such control systems are systems for
special organizational and technical services and facilities by means of which
monitoring of the network operation and required switching are carried out to
accomplish network operation in various circumstances. The terms "primary
network control system' and 'secondary network control system' snould not be
used for representing concepts associated with control in establishing con-
nections, control in networks with communications switching and so on.
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Figure 2. 9pTVSP ~— satellite television transmission system; SpTFSP --
satellite telephone transmission system; SpZVSP -~ satellite audio
broadcasting tnnsmiu on syatem' SpTaSP -= satellite digital
transmission system; — terminal equipment
of trunks of telovlaion, elepgne, nudio bmndmting and digital
respectively; AVT -- antenna-waveguide channel; Md -- modulator;
Dm = demodulator; channels PG, TV, 23, TCh, ‘l‘ar-‘ = channels for
newspapsr transmission, television video signal transmission, tele-
vision audio signal transmission, voice-frequency and digitnl re-
spectively.

Key:
1. Channels
2, Ground station
3. Radio relay or cable SL communication line
4o Accumulation filter, antenna with AVT

Z. Multitrunk satellite retranslator
. Antenna with AVT, noiseless amplifier

7. Satellite system

Primary network channels have the general term "transmission channel®™ (19) and
individual names (21~25). The general term should be used when all or some
transmission channels are referred to. In a secondary network, the terms
UEASS electrical communication channel™ (65) and "EASS secondary network chan-
nel" (64) are different. By EASS electriocal commnication channel is meant a
system of technical equipment and a propagation agent which, during switching
of terninal subscribers! units, accomplish the transmission of any form of
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communications from their source to a receiver by means of electrical communi=-
cation signals. The terminal subseribers' units themselves are not part of
the slectrical commnications channel.

An EASS electrical communications channel and the terminal subscriberst units
in various secondary networks have their own historically evolved terminology
which has bsen retained without changs. Thus, for instance, it is "information
transmission channel" in a telephone network and "telegraph network! in a tele-
graph nedwork. In some secondary networks, there is no tem for linking an
eloctrival commnications channel with terminal units (for instance, in data
transmission networks). This has also been the reason why, in the GOST under
consideration, a single term is not given for linking an electrical communi-
cations channel with terminal subscriberstfunits. Depending on the form of
commnications transmitted, the designation "telephone comminications channel',
"telegraph communications channel", “data transmission channel™ and so on ia
conferred on the electrical communications channel.

An EASS secondary network channel (64) is any part of an electrical communi-
cations channel: between switching points of two adjacent switching terminals
or two switching stations or a switching station and a switching terminal or
between a terminal subscriberts unit and switching points of a switching
station or switching terminal. Depending on the form of secondary network,
the secondary network channel assumes a name such as "telephone network chan-
nel", "telegraph network channel" and so on.

In conslusion, it should be noted that in connection with the introduction of
GOST 22348~77 it is neceasary in reviewing previously issued standards on
statewide commnication systems to refer to them according to the terms and
definitions for the Unified Automated Communication Network.

It is also necessary to adhere strictly to the established contemporary stan—
dards for a term both in all forms of documentation and in records, plans,
technical and reference literature, textbooks and educational manuals.
COPYRIGHT: Izdatel!stvo "Svyaz'," "Elektrosvyaz'," 1979
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GEOPHYSICS, ASTRONOMY AND SPACE

'AIR & COSMOS' REPORTS ON 'SOYUZ-33' ABORTED MISSION
Paris AIR & COSMOS in French No 762 (21 Apr 79) p 42

[Article by Plerre Langereux: ''The Soviet-Bulgarian Crew ('Soyuz=33')
Could Not Dock with 'Salyut-6'"/

LText/ The Soviet-Bulgarian crew on board the Soviet "Soyuz-33" transport
ship, which was launched by the USSR from the Tyuratam=-Baykonur cosmodrome
on 10 April 1979 at 1734 GMT (cf. Air & Cosmos, No 761), could not fulfill
the mission as planned because of the faflure to rendezvous and dock with
the Soviet "Salyut-6" orbital station,

This was the first time that such a failure has occurred during an
"international" flight organized by the USSR. Many Soviet cosmonauts, how-
ever, had already experienced similar difficulties in earlier missions: 1in
October 1977 the "Soyuz-25" crew could not dock with the "Salyut-6" station
also due to a failure of the "Soyuz" docking system, and the crews of "Soyuz-23"
(in October 1976) and "Soyuz-15" (in 1974) also failed to dock with orbital
stations.

The "Soyuz-33" crew should have docked with the "Salyut-6" orbital station
on 11 April 1979 at 2100 hours GMT. A deviation in the approach system
prevented the docking, and the crew was forced to return to earth at night.
The descent vehicle safely softlanded on 12 April at 1635 GMT in Kazakhstan,
320 kilometers from the town of Dzhezkazgan.

The failure of this mission will probably force the Soviets to modify the
flight program for the "Soyuz-32" crew, which has been on board "Salyut-6"
since 25 February 1979. Vladimir Lyakhov and Valeriy Ryumin had been waiting
for their colleagues in order to proceed with 27 new experiements in space
physics, space metallurgy, space blology and medicine and earth observations.

"Soyuz-33" would have delivered, in particular, three new Bulgarian-made
instruments: a "DAGA" photometer, a 15-channel "SPECTRA 15" multispectral
camera, and a "SREDETZ" instrument for psychophysiological analysis. Some

materials would also have been supplied by the Bulgarians for the "PIRINE"
experiments in metallurgy in microgravity.
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- The "Progress~5" Reaupply Mission

The flight of the Soyu2=-32" crew, which has been in orbit for 6 weeks

(cf. Alr et Cosmos, No 760), could be cut short because, if we can judge by
previous "Salyut=6" operations (the "Soyuz-29" crew used the “Soyuz-31"
tranaport ship for their return to earth), Lyakhov and Ryumin will not
have "Soyuz=33" at their disposal. On the other hand, the erew will be
able to prolong its flight thanks to the fuel and supplies delivered by,
the "Progress~5" freight transport ship on 14 March 1979. "Progress-5"
had been launched on 12 March at 0847 hours Moscow time and docked auto=-
matically with the station 2 days later at 1020 hours., Once the resupply
mission had been completed, "Progreas~5" was undocked on 3 April at 1910
hours Moscow time and burned up in the atmosphere. But, most important,
the thrusters of the freight transport ship were used twice to correct the
"Salyut~6" station's orbit (on 30 March and 2 April), thus saving the %uel
on board., Thus the station was placed into an orbit with the following
parameters:

=-~apogee, 357 kilometers;
--perigee, 284 kilometers;
--inclination, 51.6 degrees;
==period, 90.6 minutes.

It 1s no longer possible to return in "Soyuz-33" the samples from the French
ELMA metallurgy experiments conducted in the station's "Kristall" and "Splav"
furnaces; normally they would have been returned in "Soyuz-33" one week after
it was launched. The samples will probably be returned by the "Soyuz-32"
crew.

But even more serious might be that the failure of "Soyuz-33" occurred on
Cosmonautics Day in the USSR, which would have celebrated the 18th anniver~
sary of Yurly Gagarin's flight with a new international flight. The prestige
of Soviet astronautics has been tarnished.

A Disappointment for the First Bulgarian Cosmonaut

This is also a disappointment for the first Bulgarian cosmonaut, Georgly I.
Ivanov (age 139), who was sent into space on board '"Soyuz-33" as flight
engineer along with Soviet cosmonaut Nikolay Rukavishnikov (age 46),

flight commander and veteran of "Soyuz-10" (11 April 1971) and "Soyuz-16"
(2 December 1974) flights. Georgly Ivanov, a laborer's son who became

a military pilot instructor (1800 hours flight time) had been preparing for
space flight since March 1978,

Nevertheless, Bulgaria made its entrance into the ranks of cosmonauts. It

is the fourth East European country to have set a cosmonaut into space on
board a "Soyuz" transport ship--in order to spend about a week on board the
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"Salyut=6" station--within the framework of cooperation between the USSR
and socialiast countries organized by the USSR Academy of Sciences' "Inter=-
cosmos" council, These joint flights began ln 1978 with the successive
flights of a Czech (Viadimir Remek), a Pole (Miroslaw Hermaszewski) and an
East German (Sigmund Jachn). The next flight will involve a Cuban, a
Romanian and a Mongolian. All of them will have flown by 1981, according
to the Soviets, before the first West European astronaut--to be chosen from
among CGerman, Swiss and Dutch candidates-=-who will be iaurched on board
"Spacelab" around August 1981.

France also foresees sending a man into space on board a Soviet transport
ship some time in the next decade, according to announcement by the
president of CNES (ef. Alr & Cosmos, No 759). /5/

COPYRIGHT: AIR & COSMOS Paris, 1979

¢s0: 3100
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GEOPHYS1CS, ASTRONOMY AND SPACE

UDC 551,465.153

STATISTICAL CHARACTERLSTICS OF THE HORIZONTAL STRUCTURE OF THE FLELD OF
SMALL-SCALE TURBULENCE IN THE OCEAN

Moscow IZVESTIYA AKADEMII WAUK SSSR, FIZIKA ATMOSFERY 1 OKEANA in Russian
Vol 15, No 3, 1979 pp 300-306

{Article by I. D. lozovatskiy, R, V. Ozmidov and M. L. Pyzhevich, Institute
ng Oceanology USSR Academy of Sciences, submitted for publication 13 April
1978}
]

[Text] [Abstract] On the basis of data from measure-

ments of fluctuations of current' velocity and

conductivity of sea water in the upper homogen-

eous layer and the thermocline the authors an-

alyze the horizontal structure of the field of

small-scale ocean turbulence, The separation of

the current mean square values of signals into

zones of background turbulence and turbulent

spots made it possible to obtain estimates of

the coefficient of horizontal intermittence of

turbulence in dependence on the level of turbulent

energy in the spot., There is an anisotropy in the

horizontal distribution of turbulent inhomogen-

eities in the considered region of the ocean., The

distribution of the dimensions of zones of back-

ground turbulence is approximated by a log-normal

law, whereas the distribution of dimensions of

individual tui.ielent spots is approximated by an

exponential distribution law, which is associated

with different mechanisms of generation of these

turbulent formations.

t

Measurements of small-scale fluctuations of hydrophysical fields,
carried out during recent years, demonstrated (1, 2] that the distribu-
tion of turbulent energy in the thickness of the ocean is extremely non-
iform. As a rule, there was no monotonic change in the energy level of
turbulent fluctuations either vertically or horizontally. There was an
intermittent structure of the turbulent formatioms, representirg a ran-
dom alternation of zones of weak and strong turbulence of the nluid.
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the dimenslons of zones wlth actlve turbulence, suv-called turbulent spots,
in most cases were several meters vertically and several tens of meters
horizontally. However, these results, obtained using individual measure-
ments of short duration and with the limited statistics for turbulent
spots, are naturally only rough estimates which require further refine-
ment. In particular, a problem which 1s unclear (see [3]) is the types of
intermittence of turbulent formations in different hydrophysical filelds

in the ocean and the influence of stratification on the statistical char-
acteristics of intermittence. It is also of interest to investigate the
anisotropy of spatial structure of turbulent inhomogeneities in the ocean.

For an experimental study of the invermittence of turbulence it is neces-
sary to have extended and long-term measurements of the fluctuations of
current velocity and scalar fields (temperature, conductivity, etc.) in
the vertical and horizontal planes in regions of the ocean which are dif-
ferent with respect to large-scale hydrological processes. The first data
on the statistical characteristics of vertical intermittence of sea tur-
bulence can be found in [3] and the first experiment for investigating the
horlzontal structure of turbulent formations in the ocean was carried out
on the 19th voyage of the scientific research ship "Dmitriy Mendeleyev"
(autumn of 1977) [4].

In the western troplcal part of the Pacific Ocean specialists carried out
long-term measurements of small-scale fluctuations of current velocity

and conductivity of sea water in a towing regime on two perpendicular runs
of 10 miles each. Hydroresistor sensors for the fluctuations of current
velocity u' and conductivity O ' were towed at a depth of_ 100 m in the
upper part of the thermocline (mean temperature gradient T = 0.07°Ce -1,
runs Nos 1 and 2) and on one of .the runs (No 2a) at a depth of 45 m in

the upper temperature~quasiuniform layer. The speed of towing was 2 me
sec~l, A detailed description of the measuring instrumentation used was
cited in [5]. The registry of u' and O' signals was with a three-channel
N327-3 high-frequency recorder. In addition, a signal sy -- mean square
value of the velocity fluctuations, obtained using a mean-square voltmeter
with an averaging time constant € = 1 sec, was fed to one of the channels
of the automatic recorder.

The measurement data were then processed in such a way as to obtain the
statlistlcal characteristics of the horizontal dimensions of the turbulent
formations in dependence on the level of turbulent energy in them. Due to
the high noise level of the hydroresistor sensor of velocity fluctuations
(S"noise = 0.3 cmesec~l) it was impossible in the processing of the sig-
nals to diseriminate purely laminar and slightly turbulent zones, since
the evaluations of the characteristic sy values for turbulence in the
upper layer of the ocean have the order of magnitude 10~1-100 cm.sec™1
[6]. Therefore, the segments of the record on which the u' signal apprec-
tably exceeded the noise level (sy>0.5 cmesec~1l) were henceforth identif-
fed as turbulent spots; however, those sectors where sy <0.5 cmesec™1l
were consldered zones of background turbulence. The threshold level
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of zones oE active conductivity fluctuations was assumed equal to 5:10% =6
ohm=leem=1 (5+10~3 equivalent Celsius degrees). In order to exclude

brief Interference in the diserimination of turbulent spots it was as-
sumed that the minimum duration of a significant signal on individual
parts of the record had to exceed 1 sec (that 1s, a study was made of
turbulent inhomogeneities with horizontal scales not less than 2 m). Fig-
ure 1 shows an example of separation of the record into individual parts.

1 gy, tme! cmesec -1

b LMM Al WLMWLJW;_,_

Lm Jﬂo

- 0

Fig. 1. Example of discrimination of zones of background turbulence L0 and
turbulent spots L* on record of signal of mean square values of velocity

fluctuations sy.

Table 1

Statistical Characteristics of Distributions of Horizontal Dimensions of
Turbulent Spots L* and Zones of Background Turbulence §0

s p - B Soz -
1fa ) el | de | 7l | g oltmsna by
AN EEE 385|583, |53%,| 252 | S5E | 558 28s| 58
1] 100 {10} 17 6 1341 194 | 278 | 14 2.2 .2 48 | 05 180
1107 ] 4 661 321 78|25 |65 |02 |304] 05 2594
2 | 100 |19} {22 6 8961 115 ] 170 | 1.5 29 0.2 96 | 0.4 21»
*] 122 6 614 35 78 | 22 a7 0¢ 13713 | 9.4 | 3038
2| &S50l 12] 6 56| 106 | 148 1 1.4 [ 30 |02 [ 106 | 04 | 200
o] 122 6 3201 38 5 | 1,5 | 30 | 02 96 | 04 833
KEY:
1. No of run 8. Standard deviation, m
2, Towing horizon, m 9. Variation coefficient
J. Parameter 10. Asymmetry coefficient
4. Number of terms In series 11. Standard deviation of asymmetry
5. Minimum value, m 12. Excess coefficient
6. Maximum value, m 13. Standard deviation of excess
7. Mean value, m

On the baiis of the resulting series of horizontal dimensions of turbulent
spots 21 and zones of background turbulence liu we carried out computa-
tlons of the statistical characteristics L and Q for each individual
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run. As an example, Table 1 gives the limits of change [n the first four
distribution moments for " and {Y, as well as the varlation coefficients

V= o/l (where I ig the mean value and o” 18 the standard deviation of the
h sarles), standard deviations in computations of asymmetry Dp and excess
N from records of the sipgnal sy on all runs,

=
-

L.
7 w Lm 0

Fig. 2. Examples of zones of "fossil" turbulence (a), microfronts (b) and
density-~homogeneous layers (c) on records of signals u' and' O'.

We note that the number of turbulent spots on the first run (107) was ap-
preciably less than on the two subsequent runs (122), despite the fact
that run No 2 was situated, like run No 1, in the thermocline, and run
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No 2a -- in the quasihomogeneous layer, The mean horizontal dimensions
of the turbulent spots were approximately constant in space and equal
to 32-36 m. lowever, there was an eppreclable difference in the very dis-
tribution of the dimensions of srets in the homogeneous layer and in the
_ thermocline. For example, the wariability of L* at a depth of 100 m vas
considerably greater than at a depth of 45 m (Vy00 = 2.2=2,5, V45 = 1.5);
the maximum dimensions }*pax in the thermocline (614 and 696 m) exceeded
L Xax in the uniform layer by a factor of more than 2 (uniform layer, 320
m), and the excess values Efo were greater by a factor of 4-5 than Eys.
All this is evidence of the considerably better developed iatermittence
of the turbulent spots in the thermocline in comparison with the upper
quasihomogeneous layer. [The statistical significance in the difference in
the dispersions 0142 and mean values 1* at the horizons 100 and 45 m was
checked uging the Fisher and Student tests. The ratio of the dispersion
for Q,*O'% /cr452 = 1.94 was greater than the tabulated value Fg, 95
(121.121) = 1,35, which means a significant difference between the dis-
persions of the horizontal dimensions of the turbulent spots at the hori-
zons 100 and 45 m. Although the difference of the mean dimensions [{OO
and EZ5 was not significant with this same confidence level, the varia-
tion coefficlents Vip0 and V45 for Q_*, characterizing the variability of
in the thermocline and the homogeneous layer, significantly differed
from one another.]

o)

s 10 13 20 5

Fig. 3. Empirical distribution functions of dimensions of zones of back-
ground turbulence on runs Nos 1, 2 and 2a. The solid curves represent

the distribution functions of the log-normal law (1), computed for values
of the parameters W and 0 , corresponding to the empirical distributioms.

The distribution of the dimensions of the zones of background turbulence

was characterized by an appreciably greater smoothness than ,l*. The
variation coefficients for all the runs had values ~ 1.4, and the values
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of the excess varied in the range 4,8=10,6, However, the absolute scatter
of L0 values naturally exceeded the scatter of L% the maximum dimensions
of the zones of background turbulence in the thermocline and the quasihomo=
geneous layer wera equal to 1344 and 856 m respectively.

P(Owm!
orf |

0us

n

0 10 20 30 40Cu

Fig. 4. Histogram of the distribution of dimensions of highly turbulent
zones (s 051.1 cmesec=1) on run No 2. The solid curve represents the
density 3iatribution of the exponential law (2) for a value of the A para-
meter cirresponding to an empirical distribution.

Table 2

Values of the Intermittence Coefficient ¥ for Three Reading Levels of the
Mean Square Values of Velocity Fluctuations sl cmesec~l

"

Niraace

12 -0,5 l?, = 0R l?‘ et

i 0.14 007 0.03
2 023 0.4 0,00
2a 0,26 09 0,05

A reciprocal analysis of the variability of the signals u' and o' along
one of the runs made it possible to draw a series of conclusions concern-
Ing the distribution of small-scale turbulence in the thermocline. It was
found that on the average the number of sectors with intensive o' fluctua-
tions exceeds the number of turbulent spots on the u' record and the mean
dimensions m are greater than Lu*. This is evidence of the existence
of both individual zones of "fossil" turbulence [2] and microfronts in
the thermocline. In the latter case the intensification of conductivity
fluctuations must be attributed primarily to an increase in the mean

- horizontal gradient do /2) . Examples of the possible manifestation of
fossil turbulence and microfronts on the records of the o' and u' signals
are shown in Fig. 2,a,b. A rarer phenomenon in the analyzed measurements
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wag the existence of highly turbulent density=homogeneous layers, with=
in whose limits there was a high level of fluctuations u' and an absence
of conductivity fluctuations. One of these examples is shown in Fig. 2,c.

The coefficient of horizontal intermittence of turbulence X can be deter-
mined as the ratio of the sum of the dimensions of all the turbulent spots
(with a given reading level suo) on some run to the total length of the
entire run. The »* values, computed for the three reading levels suo = 0,5,
0.8, 1.1 cmesec=l, at the horizons 100 and 45 m are given in Table 2.

The value of the intermittence coefficient on the first run is appreciably
less than on the second run, where in turn it remains approximately iden-
tical in the thermocline and in the quasihomogeneous layer. This result,
together with the appreciable differences in the excess of the distribution
of )0 and Q* on mutually perpendicular runs in the thermocline,an indi-
cate a horizontal anisotropy of the considered turbulent formations. The
numerical value X is essentially dependent on the selected minimum level
suo. For example, in the quasihomogeneous layer zones of very inten-

- sive turbulence, within which sy>1.1 cmesec~l, occupied 5% of the consid-
cred space, whereas turbulent spots with mean square values of the velocity
fluctuations exceeding 0.5 cmesec=l occupied 262,

'The dependence of the numerical value X on the selected minimum level suo
is evidence that the most complete characteristics of the variability of
the horizontal structure of turbulence are not the intermittence coef-
ficients, but the distribution functions both for the dimensions of the
turbulent zones and the levels of turbulent energy.

The empirical distributions §] 1) of the dimensions of turbulent spots and
zones of background turbulence were computed from the resulting records

for individual runs. Comparison of the empirical dependences (L) with

the analytical exgressions for the distribution laws P( L) was carried out
using the test X< [7], the computed values for which for a log-normal dis-
tribution law are given in Table 1. The comparison of P(,Lo) and P(j.*)
with 12 different distribution laws indicated that on all runs the dis-
tribution of the horizontal dimensions of the zones of background tur-
bulence with a significance level from 0.05 to 0.15 can be approximated

by a log~normal law (Fig. 3) with a distribution function in the form

1 ¢ -0/ g Lo>
J - —) e t when 0,
(P, w0} fz_n_j,
1)

u=(lgl'—n)/q,

where p and O are the distribution parameters corresponding to the mathe-
matical expectation of the random value z = lg 10 and its standard devia-
tion.

1t was demonstrated in (8] that the log~normal distribution asymptotically
corresponds to the particle-size distribution, obtained as a result of a
series of successive independent fragmentations. Such a process of
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successlve fragmentation, as was noted in [9], can serve as a natural mod-
el of the cascade process of Formation of ever-smaller turbulent forma-
tions. It can therefore be assumed that the formation of zones of back-
ground turbulence (8,<0.5 emesec=l) occurred in the ocean as a result of
the cascade process of fragmentation of large-scale turbulent inhomogen=-
eities arising due to instability of the averaged motion.

However, the genesis of spots of intenslve small-scale turbulence (8y> 0.5
cm'ncc'i) of relatively small size had a different nature, related, prob-
ably, to the local instability of the vertical gradients of current vel-
ocity and destruction of short internal waves at individual moments in
time. We note that the appearance of turbulent spots was frequently noted
not individually, but in whole groups. One of the examples of such a group
of spots 1s shown in Fig. 1. The random appearance of turbulent spots in
turn can cause a "fragmentation" of the field of background turbulence,
which 1s also reflected in the log-normal distribution F(l,o).

A comparigson of the empirical distributions of the dimensions of turbulent
spots P( 1™ with 12 different theoretical P( 1) 1aws indicated that in
most of tha considered cases the constructed 1 %) histograms cannot be
approximated by the best-known distribution laws with few parameters (as

an example, in Table 1 we give the values for the )12 test for a log~normal
distribution P(L*)). However, in individual cases, for example, for run

No 2, the distribution of the dimensions of spots with an extremely high
turbulence level (su>1.1 cm.sec™l) can be approximated using the test

')L2 = 12.3 with a significance level 0.35 by an exponential curve (Fig. 4),
whose probability density is determined using the formula

0, z<0

ez A= { Aet, 230 (2)
where X is the sole distribution parameter, known as the density of the
flow of events and numerically equal to the inverse value of the mathemat-
jcal expectation and standard deviation of the considered random value.
The solid curve in Fig. 4 shows the curve for law (2), computed for a
value of the parameter A= 10.8 m‘l, corresponding to the empirical dis-
tribution P( em*). We note that with some assumptions concerning the
distribution law P( L"), on the basis of the theory of distribution of the
extreme terms in the sample [7] it can be shown that the distribution of
the horizontal dimensions of zones with an extremely high turbulence level
P( ie;) asymptotically in the case of a large number of turbulent spots

= {s described by an exponential distribution (2). Since the generation of
turbulent spots in the thickness of the ocean, having a broad range of change
of both geometrical dimensions and turbulence levels, is related primarily
to the mechanisms of local instability, for the P(1") density distribu-
tion there may not actually exist any universal distribution laws.
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GEOPHYSICS, ASTRONOMY AND SPACE

UDC 551.465.41:551,466.3
GENERATION OF STATIONARY TEMPERATURE BOUNDARY LAYERS BY SURFACE WAVES

Moscow LZVESTIYA AKADEMII NAUK SSSR, FIZIKA ATMOSFERY I OKEANA in Russian
Vol 15, No 3, 1979 pp 314-325

[Article by B. A. Nelep, G. S. Dvoryaninov and A. V. Prusov, Marine Hydro=-
physical Institute, Ukrainian Academy of Sciences, submitted for publica-
tion 24 February 1978]

(Text] [Abstract] Within the framework of a viscous quasi-
linear model the authors investigate the station-
ary temperature boundary layers arising under the

- influence of surface waves. In contrast to studies
{1-4]), carried out on the basis of potential theory,
it s shown that surface waves cause an averaged

- vertical convective transport of heat, the maximum
of whose spectrum with deepening is shifted into
the direction of the low frequencies. These fluxes
form stationary temperature houndary layers at the
water-air discontinuity which can be interpreted
as one of the reasons for existence of a warm sur-
face film. The conclusion is drawn that the great-
est contribution to 1its formation must be from
short waves. The joint effect of surface and ther-
mal waves in the averaged transport of mass is also
studled.

The physi¢és of boundary layers at the water-air
espe31311y complex beczuseytﬁis surface itself 121%88¥f§“3%§’p8§meab1e

for heat and mass. The most important type of interaction, to a high de-
gree determining the thermodynamic state of the ocean-atmosphere system,
is heat exchange. It takes place through the discontinuity and 1s depen-
dent on the parameters determining the properties of the boundary layers.
However, the heat exchange problem has been poorly studied. For example,
there are two important phenomena in the thin boundary layer of the sea
which have been established experimentally.
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1, Under the influence of surface waves an additional vertical heat flow
arlses; this is a function of the parameters characterizing waves [5].

2, The thin boundary layer in the fluid adjacent to the discontinuity is
characterized by a sharp temperature gradient == a thin warm f£ilm [6~10].

These two facts have been poorly investigated experimentally and only pre-
liminary attempts have been made to treat them theoretically and give a
physical interpretation. For example, in [4] there 1s an analysis of the
dependence of the amplitude and phase of the temperature fluctuations at
the surface of a fluid in the presence of a progressive wave. The analy-
sis was made on the assumption that the wave is potential and that the
heat flow through the surface is known. A study of the averaged fields
generated by surface waves was studied in [11]; similar effects, caused
only by temperature waves, were examined in [12]. In this article we inves-
tigate the generation of stationary boundary layers by surface waves; we
investigate some of their properties and examine matters related to the
phenomena mentioned above, At the same time, both dynamic and thermal fac-
tors arc taken into account. On the basis of the solutions obtained the
conclusion is drawn that surface waves, as a result of the convection
excited by them, can make an appreciable contribution to formation of the
structure of a warm surface film,

1, Formulation of Problem

Experimental investigations of the upper boundary layer in the ocean show
{2, 5) that when there are wind waves or surge exlsts at its surface the
temperature field also oscillates and there is a phase shift between the
rise in the ocean surface and temperature variations, Thus, there are
temperature waves as well as surface waves. Together they should induce
averaged thermohydrodynamic effects within the fluid. We will examine some
of them. :

Assume that a plane layer of fluid of constant density and the depth d is
bounded at the lower surface by a horizontal bottom. We will select a Car-
tesian coordinate system } x, z] with its origin at the bottom; z is di-
rected vertically upward. Motion is excited by a surface wave. On the basis
of the above-mentioned observations {2, 5] we will assume that the surface
wave leads to the appearance of a surface temperature wave which is dis-
placed in phase relative to it. The existence of a phase shift can be ex-
plained by the following physical considerations, The disturbance of the
temperature field in the horizontal direction occurs with the phase velo-
city of propagation of the surface wave. In the vertical direction, how-
ever, the velocity of the dynamic disturbance is much greater than the
velocity of heat diffusion; therefore, a phase shift already appears in
the thin molecular layer between them. And since the diffusion of heat

and vorticity in a general case occurs at different rates, a phase shift
arises between the fluctuations of velocity and heat, Precisely the phase
shift should create a directed vertical heat transfer.
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Assume that a 18 the characteristic amplitude of the surface wave, 90 is
the amplitude of the temperature disturbance at the f£luid surface, & and
k s the characteristic frequency and wave number of the disturbance, g
ls pravitational acceleration, t is time, 1/ is the stream function for
our two-dimensional motion. We introduce the following dimensionless
variables:

(1.1)
aeekzt, 2=2*ld, {={(n0d)="b*,

where (u*, w*)e= G4+ /02", ~Opt/oz),

(1.2)

u and w are the velocity components along x and z resgpectively; the cross
denotes dimensional parameters.

We will determine the temperature
T+eT o (1+4eT), (1.3)
so that the density, expressed from the equation of state, is
p*=pa* [1+p* (T*~T4*) ], (1.4)

where To*, Pot are equilibrium temperature and density; B= Btrg* (ﬁ"'
ts the coefficient of thermal expansion of water).

Then, in dimensionless form the surface wave, stipulated in the form of
one Fourier component, has the form

n—%cos(z—t). (1.5)

where £ = ak is wave steepness; § = kd. The equations of diffusion of vor-
ticity and heat are

{’g?+°(%§%'%;{)}V"”=%v"’m'%' (1.6)
d 1
(L+elmmmm)) 1= " W

where & = (2v/(J)1/2d, v 1s the kinematic coefficient of exchange of mo-
mentum; P is the Prandtl number;

JopdMwids Vie=itl0s 676 0r

The parameters £ and & entering into equations (1.6), (1.7) characterize
the contribution of inertial and viscous forces to the general balance
and are assumed to be small, so that £€1, a < 1.
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the boundary conditions at the sea surface aret condition of absence of
shearing stress, which has' the form [11]

f'_“’__f_'_“‘_n/‘il o'y =0 when ze=idn, . (1.8)
o3t 9z vz 0x02

the kinematic condition is
o, OF  0n 0

e e o e 0

9 when 2={+n, (1.9)
ot 9xr oz 02 '

and for the temperature wave field -~ existence at the discontinuity of a
temperature wave displaced in phase relative to 1}, that is

R Texf cos (2—t41) when 3=1*n, (1.10)

where J- 90/ wo { Y is the phase difference between the temperature and
surface waves.

On the bottom the boundary conditions are the attachment conditions
P=¢:=0 when z = 0 (1.11)
and the absence of wave disturbances of temperature, so that
- T = 0 vhen z = 0. (1.12)
2. Nonstationary Fields of Velocity and Temperature

The solution of problem (1.6)-(1.12) will be sought in the form of series
for the small parameters £ and & with subsequent use of the method of
asymptotically joinable expansions. We will represent ¥ and T in the form

0 Th= Y elantim Tk, (2.1)

1, met

and the functions ’JOmv Tom as

{Fom r..>=-;—u$.,. Tunde't=0 (fon', Tam'}e=12=], (2.2)
where the asterisk denotes complexly conjugate values.

After the substitution of (2.1), (2.2) into (1.6), (1.7) and equating the
coefficients with the corresponding powers of ¢ relative to ¥y, and

we obtain, respectively, first- and second-degree equations which describe
the solutions only in the main region, excluding the viscous boundary
layers at the free surface and bottom. In order to obtain the equations
for the boundary layers, we introduce the corresponding boundary layer
variables:

at the free surface
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s=1=al, Wl 2 0) =0z, 81), T(z 3 t)=0(z, 2 1), (2.3)
at the bottom
zemal, (1,3, 1)=0 (2, ¢, t), T(x,z, 1) Gz, 8t (2.4)

Then, substituting (2.3), (2.4) into (1.6), (1.7) for the sought=for func-
tions In the upper boundary layer we obtain

F) dpd _0p 0 } 2, ual'®
mene b i [ it vt = cmtnn S [}
{0t (0§ dr O 0§) (6§’ O .r)
) RRTC) . ‘qu pe? 00 (2.5)
_ -=-2(6“4201.60‘0&1'“16;’—‘-)%«6;}.' .
LA PR LA @6
0t a \0% dx dx 0% 0\ oE dzt

The equations Eof the bottom boundary layer, in which, in place of g, Y,
6 we have 7, cf , G respectively, have the same form,

Before expressing the boundary conditions at the free surface (1.8), (1.9)
in terms of the boundary layer variables, they must be expanded into a
Taylor scries relative to the undisturbed surface z = 1. Performing this
procedure and representing the derived expressions in the variables £ and
) with an accuracy to o e2) we have

0‘? 3 ,0 Q" 'p YY) g f) —
65' ~ b d.:‘ [twcos(: 1) -a’d dacos(x {) -
when &= 0,

ﬁ’tp
ot l.._ H -t ]=0
ha'd sin(z—t)

1 dp do . ] -
—_ ._.. —_t) - — —~{) | =0 wheng= O,
3 sin(z—t) + e [d ncos(z t) 0§sm(z ) zZ (2.8)
Conditions (1.10)-(1.12) assume the form
e 30
-b—sgcos(x—t)-H]uOcos(x—Hx) when % = 0 (2.9)
O=0;~0 when & =0 (2.10)
G=0 when L =o0, (2.11)

In additlon to the conditions (2.3), (2.4), (2.7)-(2.11) the external and
{nternal solutions must satisfy the joining conditions [13]

lim {y, T} = lim {.0}, hm {, 7} = lim {0,G}. (2.12)

[t} o= tem

For the functions ¥, 6, @, G we seek a solution in the form (2.1), (2.2).
Substituting the expansions of the sought-for functions into a series for
the small parameters € and o into the corresponding equations of motion
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and the boundary conditions, taking into account (2.2) and equating the
coefficients with identical powers of o, we have the followlng equations

and boundary conditions in the approximations (00) and (01):

P90, Z2(0) 0, un (0) =" (1), (2.19)

(5 +2) Ser=0.

6! - K
Y (e " (2.14)
(.._65‘4-2;1)04,. 0, Oum(0)=(l—m)0e",

—_—

(:: ):Fm-(i--m)lsaoi.o, Tons=0,

? 10 d . .
(_B.. +2i) ﬂ.‘.’l‘.’".. =0, '79"4(0) 20, Don(0)=0,

g (14
(2.15)

oL
ot . .
( o+ 2zp) Gom=0,  Gun(0) =0,

in which m = 0; 1.

The final form of solution of the problems (2.13)-(2.15),
joining conditions (2.12), are

satisfying the

6"“6-" 5..-0e"e""’ n
¥ y4= (6 sh 8)~" sh bz, Poom0, (2.16)
Ql0-0| q“-o‘
o=(cth 8)%, Boy=0,
~  AH .
Yoy = ———sh[6(z—1) ], Ty=0,

2sh*6
- 1+i 7
o= g gle = (=111, Gum0.

It can be seen from expressions (2.16) that already in these approximations
the vorticity of theobserved velocity wave field is different from zero.
llowever, in the future to c_3pute the stationary effects induced by the
wave fields it 1s necessary to find the solutions for the two following
approximations for o . The equations and the boundary conditions for them

have the form

2 \ o .,—_"'“ ..f_".“
(u_§7+2‘)3€"¢--=2‘6 (“’"" A e...-,). (2.17)
o (0)m0 0';}.» 0)=—(3-n)6
on0)=0, —(0)= '
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L - . N
(—.—. . 2;‘1’)0.,"”6-'0“-2, 3(0) =0,
23 '

vz
~ {0 A~
Lop =t = ——? ) Ton- N
Lo 2P (az ot
02&) n , ‘Dnn—: po -
+ »f)raTg-=2lo’(uvn" i =g G
. 9o
= —— 0 =2V,
(0, (0) =0, 7t (0)==0

. 5
— '*'Z”) Gnn=6zann-:. Gon(o) =Ov
og?

9 - o
' -——-‘- + 6‘) \l‘ron- ;—'blaoTun-l.

).

In addition to the boundary conditions entering into (2.17), the joining
conditions for the external and internal solutions are additional. Here
we will cite only the final form of the solutions, omitting unwieldy in-
- termediate computations and the joining procedure

IS . _ . 66008” (1= 1 (l-i)/;t)
Poa=ibe" '"»—z-————-—o(p_j) (e -5 +
6 ,, (1+)d ( {H} )

-+ _ +==e'"},

L P L 2T

- 6 0 ., cth 6 ]
- 24+ e + 2 06h (6 (z—1
Yo zsha[(“ p° Jsh: g el
N i6cth 6 i
w=-= }16[ —(1=i)§—e 1,
, "“-_-mg -0ikt =Go=0,
i6*cth 6 1 g ot 6*cth 6
. L ethd
Pur 2 (2+sh‘6+1‘ )E 5%
- (1—05’ ( ipy B0
e (S + 22 e ) su[6(z—1)1,
To o (et )sx[ (2—1)]
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- (1-0)8 ¢ D AL dibt) |e=t1=08 4
.p,,..[_ (—0-+cth‘6+ e‘) T t;)]

4shd \ 2 ' ,
2 ']
S ’—m;’+lﬁ—-(2+ctll’6+Le")c+

Bshd Ash© 2sh 6\ P
(=08 (3 . ip B0

: =00 (0 4o+ me),
- Zsho (2 O+ 5 )

005=T0s=001=0-

- Thus, we have found four approximations of the nonstationary parts of the
stream function and temperature. The internal solutions characterize the
distribution of the pulsating velocity and temperature fields in the sur-
face and boundary layers and the external solution -- in the main layer
of the fluid. Before proceeding to an examination of the stationary ef-
fects we will discuss the solutions obtained.

The solutions, obtained on the basis of all the determined approximations,
uniformly suitable in the entire region, have the following form:

sh 62 {+i [ sh[6(z-1)]
- - +
b= “ma[ sho ¢

i6 B0 shéz cthd sh[6(z—1)]
. D +____ i -
to 2 {(Z P ¢ ) shé shd shd

-(I-m/n] 4

o
3 _
—ett-hte=Ne_ ,___p’o _ [peq:-mx-n/c_eu-wru-mu] +

(P-1)P _
cthd (1-1)6* 3 Bo0 sh{8(z—1)]
L0 -t-tva 1 O b othib+ e o+
il }+“{ 4sho (2 cth’d + e )( sho
(1—1)6, p’” D = (11111110
IRTI 9e-t1-t-11/a 4 —(PYPe- -
e ) 8 [ ¢ (P-1)PYP
elt=1iPt1=0/0) ] (z—1)+ (1—i)8’cth & ze-u-mm} ,
8:,"(;5“) (2.19)
IIPZITERIY Y B —-
T(z)=Qe'%e" Whiz=1} [1+a ,‘V_P, (z I)] (2.20) -

It follows from (2.19) that the fluctuations of the heat field, caused by
surface waves, in turn exert an influence on the value and distribution
of the velocity wave field. This contribution has the order of magnitude
0(o¢) and 1s especially important in the boundary layers. It is interest-
ing to note that the temperature field exerts its main influence on the
horizontal component of the velocity field; on the vertical component
this influence is an order of magnitude less, that is 0(0(.2). This can
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be attributed to the fact that the gradient of fluctuations of the temper-
ature fleld in a horizontal direction is of the same order of magnitude

ag In a vertical direction, but along the vertlcal the dlffusion of heat
vecurs at a lesser rate than its transfer along the horizontal,

- Expressions (2.16), (2.18), (2.19) indicate that in the upper boundary lay-
er there is an appreciable phase shift between fluctuations of the temper-

- ature [ield and the stream function (that is, the vertical velocity compon=
ent). This phase shift should give rise to an averaged wave heat flow in
the vertical direction., In addition, the wave velocity field has a non-zero
vorticity. This leads to a stationary flux of momentum and appearance of
another secondary effect -- stationary flow,

3. Field of Stationary Velocities

tiquations (1.6), (1.7) and the boundary conditions (1.8)-(1.12) describe
the total flelds of velocity and temperature, including both fluctuating
and secondary stationary parts. The solution for the first of them was
obtained in the preceding section. In order to determine the stationary
parts of the fields we will represent the stream function and temperature
in the form

¢, 2, ) =P(z, 2, t) +P(2), T(x,z, ) =T(q,z, 1) +7(z), 1.1)

where the wavy line denotes waves fluctuating with frequency and the line
denotes functions nondependent on time. Substituting (3.1) into the ini-

tial equation of motion along the x coordinate and averaging for the per-
iod of wave motion (or, which 1s identical in this case, in the phase fron

0 to J1 ), as tosT
J=a { ra
T . ’
h we obtain —_—
at d o, Jf/0z)
o—.——_?‘—‘_—e_—_——_.—'
2 92 d(z,2) (3.2)

which corresponds to a second-degree equation for mean velocity; there-
fore, for u = d¥/J z it 1s necessary to have two boundary conditions.
They are obtained by expansion of condition (1.8) into a Taylor series
relative to z = 1 with successive averaging of the result of the expansion
by period and condition (1.11). Performing these operations, we have

0:‘1-_. € 'j,“'. A ’\r —-t)+
—7./-;‘-=—-6—[ p cos(z—t)—6 dl_xazcos(.r )
j? when z = 1 3.3
4441 i 9m(.r-l)] ’ (3.3)
dradz
(?.‘L.—_O when z = 0. (3.4)
dz
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It follows from (3.2) that the temperature field exerts no direct inflg-
ence on mean veloecity. There is only an implicit dependence of ¥ on T
through the function & s Accordingly, the mean velocity field can be com-
puted independently of T.

Taking into account that only the real part has physical sense, omitting -
intermediate computations, we immediately write a final expression for,

mean velocity, being a solution of the problem (3.2)~(3.4), in which ¥ is

determined by formula (2.19)

- . H
a.=_—5-{ T2 e ahbsi ( =42 +____p.03m(1+~5-)'
" e s e U 7.") Y2 P ’}+
sh oz 21 o0 8l 62 1 - 2—1
+8{ e't-1n - 0 — ( .z___. )
shd S T T=nao Ly s\ TP 1) X

(3.5)

Pu-tva_ 21 - t- e~ 65h 62 z
) L R P

sh[6(z—1)] . 2q e~
Fo—— L 8l ——— — —_—
] ‘ ™ sin . ch 6z cos o.] + Tohh +
Scthd Ped cos i
+ 4+ ) )
. ©o2 ( p z+4511'6}

The solution (3.5) shows that the temperature fluctuations caused by surface
waves make a substantial increment to the field of mean velocities generated

by waves.

Thus, surface waves are propagated in a shear current, the reason for whose -
- appearance was the surface waves themselves, It follows from (3.5) that

with some wave parameters the values and vertical gradients of the mean

velocities can attain considerable values in the surface layer of the sea.

Then it is natural to assume that this can be one of the reasons for the

appearance of instability and destruction of surface waves, that is, gen-

eration of turbulence in the surface layer of the sea.

Formula (3.5) expresses the velocity of the mean flow in a Euler represent-
ation. In order to compute the velocity of transport of masses by waves
(Lagrangian velocity of motion of fluid particles) it is possible to use
the Longuet-Higgins formula [11]

A on ¢ _ (3.6)
08 98 ( . .
Va u+d:jﬂdl+ azj'”

This gives
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¢ (B4 sin( b —’/:)

Bo0 8k 5z =g ‘
V,E--——- S :+l~‘.{ 008 | V] e )x
e Vap TR ( .
- =i/t 2 - (3.7)
setfirmtva g, o [ 8 oh 8z cos 2 23RO o :/a] +
23S o shd
3e-tWe  ch 262 1 dcthd Ped cos y
4 ¥ (4+ )z}
PR v e G &

It follows from (3.7) that in the transport of masses the fluctuating tem=-
perature field plays a still greater role, since the term O(E /ot) is re-
lated specifically to thermal fluctuations and disappears when q = 0. Here,
however, 1t must be emphasized that these conclusions were drawn on the
basis of a quasilinear approximation in which the entire analysis is made.
In order to investigate these important effects more precisely, the nonlin-
car problem must be svlved.

wije
-a5  -03 41 0 41 4

et T
" x

x
S L- 0,9‘/
.i 0,92
i 0,90
0,88
0,86

2 o00v

Figure. Depth distribution of stationary heat flows caused by waves (a) and
mean temperature (b), caused by a stationary wave heat flow: 1) »'= 0, 2)
Y="n/4,3) Y =nl2 4) 7=230/4,5 Y=n; z was normalized at the
fluid depth d

4, Averaged Heat Flow and Stationary Temperature Field
The solutions for the nonstationary velocity field (2.19) and temperature
(2.20) make it possible to determine, as a function of z, the averaged

heat flow In a vertleal direction caused by waves. Making the correspond-
ing computations, we have
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— 0 shb !1';r we gint V5 __z—i )
—t Go———— - [ of - .
BT m e sin\ VP — '1).

(4.1)

where, as a simplification, only the main term of the expansion has been
retained.

It follows from (4.1) that in the neighborhood z = 1 + o (nn+Y)/ VP the
stationary flow is minimum., It follows that the nonmonotonicity of attenua-
tion with depth for the averaged vertical heat flow, caused by the surface
waves, is determined by the phase shift between the surface and the heat
wave, and also by the viscosity parameter & , determined by the phase

shift between the surface and heat wave, and also by the viscosity para-
meter O characterizing the degree of wave turbulence. It also follows

from formula (4.1) that the rate of attenuation of the wave heat flow with
depth is dependent on wave frequency. The flow caused by the high-frequency
part of the spectrum attenuates more rapidly, so that the maximum of the
spectrum of the averaged wave heat flow with depth should be displaced in
the direction of the low frequencies. This conclusion agrees with actual
observations made in the ocean,

In the figure a represents the depth distribution of the averaged wave heat
flow for different values of the phase shift between the rise in sea level
and the amplitude of the thermal disturbance in it when of = 0.1, =1, P
= 7. The figure does not show the flcw itself, but the value Q = er/d . 1t
can be seen that both the value and the depth distribution of Q are essen-
tially dependent on ¥’ . When Y'= O the maximum of the wave heat flow is
situated within the fluid, that is, in this case the main role in heat
transfer through the water-air discontinuity is played by diffusion. But
already at a shallow depth, when a phase shift appears between the wave
velocities and the wave part of temperature, the mechanism of vertical

wave heat transport is activated. With other values of the phase shift

this process plays a significant role in the upper boundary layer, includ-
ing the discontinuity itself (all experiments made up to this time show that
under real conditions Y %= 0; n). It is of interest to compare the values
of the heat flows caused by wave transport with flows due to evaporation
and contact heat transfer. It is known that the mean climatic values of the
heat flows in the equatorial and tropical regions of the ocean, caused by
the last two mechanisms, are equal to [14] ~ 400-500 and 40-50 cal/cn?2.

day respectively. However, the wave flow Q, computed from (4.1) for waves
characterized by the parameters a = 0.5 m, « = 1 secl, @g = 1073 degree,
Y = 1°, is equal to Q % 38 cal/cm2-day, that is, the effect .of the wave
mechanism for heat transport can be comparable with contact heat transfer.
Thus, the process of wave heat transfer through the ocean-atmosphere dis-
continuity and in the entire upper boundary layer plays an important role,
which agrees with the conclusions drawn on the basis of observations [5].
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Since there is a wave=produced statlonary heat flow in a vertical direction,
{t naturally forms "its" secondary stationary temperature field. The wave
flow is a yignificant functlon of depth. Accordingly, the statlonary tem-
perature field formed by it also changes with depth, that is, there is a
vertical gradient of the stationary temperature field, and as a result,

a diffusion stationary heat flow in the vertical direction Qg e -%T/d 2z
algo arises, Much as the equation for stationary velocity was derived, by
averaging (1.7) we obtain the following equation describing the stationary
temperature field

ot 0T 0($,T) (4.2)
o 97 6(::, z)

Since in the considered case the stationary heat exchange between the atmo-
sphere and ocean is accomplished only due to two mechanisms -~ wave trans-
port and stationary diffusion, in the steady case, which 1s investigated
here, the total heat flow caused by them must be equal to zero; otherwise
there will be heating or cooling of the fluid. In dimensionless form this
condition has the form

al 0T  ——
—— et = 4.3
P 5a wl'=0, (4.3)

In addition, according to (4.1), the wave heat flow attenuates exponential-
ly with depth. Accordingly, the stationary field formed by it also should
attenuate exponentially with increasing distance from the water~air dis-
continuity. Therefore, we require that

T = 0 when z = 0. (4.4)

The solution of the problem (4.2)-(4.4) is

T(z)=iil€ﬂ 1P “/“Sln(vpz—-—.i—'{——:;—), (4.5)

a & Y2 sh$d a

In the figure b represents the distribution of mean temperature with depth,
computed using formula (4.5) for « = 0.1, 6 = 1, P = 7 for different 7 val-
ues. It can be seen that with all Yvalues there are clearly expressed sta-
tionary boundary layers adjacent tu the discontinuity. Within the limits

of these layers the temperature changes sharply with depth, forming a
surface heat film. Depending on ) this film can be "cold" or "warm." Un-
fortunately, there are no experimental results which represent the changes
in film characteristics as a function of 7. Laboratory experiments have
been made in which studies were made of the properties of the surface tem-
perature film, but in {4] they were subjected to criticism and the conclu-
sions drawn on their basis were then questionable. Thus, for checking the
derived theoretical expressions there must be a purposeful experiment. Ac-

cording to (4.5), under realistic conditions (with ¢ = 0.1, 8 = 0,05, P
=7, =1, § = 10°2) at the surface of the fluid T & 3-10-3 °c. With
69
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£=0.1, Y = 10~1 and these same values of the other parameters T#10™1 °c.
Accordingly, surface waves can exert an appreciable influence on formation
of the surface temperature film.

If the solution (4.5) is rewritten in dimensional variables, it can be seen
that the mean temperature value is inversely proportional to (X )1/4, where

- A 1is the wavelength, At the same time, the rate of its attenuation with
depth increases with a decrease in A (the exponent is proportional to
A-1/2), It therefore can be concluded that the greatest influence on the
structure of the surface film should be exerted by short waves and this
influence will be greater when their contribution to the total spectrum in-
creases,

Summary

Thus, the solutions show that the stationary vertical heat flow observed in
the sea, caused by surface waves, is a joint effect of the nonpotentiality
and nonlinearity of the surface waves. Allowance for these factors makes

it possible to obtain such peculiarities as the shift of the spectral max-
imum of the wave heat in the direction of the low frequencies with increas-
ing distance from the ocean surface, its nonmonotonic attenuation, etc.

The first peculiarity is confirmed experimentally; for the time being there
is no clarity concerning the second.

On the basis of the solutions obtained above it can be concluded that this
mechanism is important and it must be taken into account in a study of the
peculiarities of the temperature field in the surface layer of the ocean.
When the sea surface is in a seeming undisturbed state, in actuality there
are capillary waves and they should create a stationary temperature boun-
dary layer -- its thermal film; specifically the effect of short waves here
is more important., It is desirable to check this result experimentally. In
addition, since an investigation of the properties of the surface thermal
film is of great importance in the problem of analysis and interpretation
of hydrometeorological data, obtained from satellites and other remote
vehicles, there is a need for purposeful experimental and theoretical in-
vestigations of this problem.

We emphasize 1n conclusion that the considered mechanism of the genesis of
the stationary temperature boundary layer adjacent to the sea surface is
only one of the factors forming the temperature film in the presence of
surface waves. In this study we solved the problem in a quasilinear ap-
proximation for waves having a small steepness, formulated in a Cartesian
coordinate system., However, it is clear that for a more precise descrip-
tion and detailed analysis of the studied effects it is necessary to take
into account more fully the nonlinear character of the wave motion and use
an orthogonal curvilinear coordinate system tied in to wave movement. In
iaddition, it is also necessary to take into account the initial stratifica-
tion of the fluld caused by radiation, the absorption of salts and other
factors.
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GEOPHYSICS, ASTRONOMY AND SPACE

UDC 551.241 : [550.312+550.834.32] (477+439)

STRUCTURE OF THE CRUST AND UPPER MANTLE IN  THE WESTERN UKRAINE BASED ON
MATERIALS FROM COMPREHENSIVE INTERPRETATION OF SEISMIC AND GRAVIMETRIC DATA

Moscow GEOLOGICHESKIY ZHURNAL in Russian No 1, 1979 pp 12-22
[Article by A. V. Chekunov and X. A. Bolyubakh]

[Text] Study of the deep structure of the crust and upper mantle of dif-
ferent geological regions of different ages is highly interesting, espe-
cially when these regions are immediately adjacent to one another. By
comparing differences in the composition, history of formation, and deep
structure of these regions we may expect to establish certain empirical
patterns that help clarify the mechanism of abyssal processes.

In the western part of the Ukraine, which is crossed by international
deep seismic sounding profile III, the situation is especially favorable
for solving these questions becauge this region contains a whole range
of sharply differing structures that are related to one another by evo-
lution. From northeast to southwest these structures are the Voronezh
Magsif, the Dnepr-Donets Depression, the Ukrainian Shield, the Volyn'-
Podol'sk Platform, the Subcarpathian Foredeep, the Folded Carpathians,
the Transcarpathian Trough, and the Great Hungarian Depression
(Pannonian Median Mass).

The study of such diverse structures, and this is true, incidentally, of
all tectonic structures in general, can be fully effective only if it

is done comprehensively, taking all geological and geophysical informa-
tion into account. A clarification of just the near-surface geological
structure of the sedimentary mantle and upper layers of the basement is
no longer satisfactory today, no matter how reliable and detailed it may
be, just as establishing the patterns of distribution of just omne physi-
cal parameter through the entire section of the crust and upper mantle
is not satisfactory, even if it is done precisely to great depth. It is
necessary to combine studies made by different methods, and not only
geophysical methods, for the most diverse regions, especially type re-
glons that differ from one another, and to systematize, compare, and
provide comprehensive geological-geophysical-geochemical interpretations
of the factual data. After interpreting jointly materials from deep
seismometry, gravimetry, and geology for the structures crossed by the
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third international deep seismic sounding profile in the Ukrainian SSR
and Hungary, the authors of the current report tried to make some con-
tribution to solving this problem.

According to deep seismic sounding data [10-13, 25, and othars], the
structure of the crust along the third profile is highly variable. Tts
thickness ranges from structure to structure within broad limits. These
changes usually occur abruptly, along fractures that divide the crust
into distinct units. Depths to the M discontinuity range from 25 to 65
km. The crust is thinner beneath the Dnepr-Donets Aulacogen (35 km),
the Oreat Hungarian Depression, and the Transcarpathian Trough (25-30 km),
and thicker beneath the Flysch Carpathians and Subcarpathian Trough
(55-65 km), and beneath the ancient Shepetovka Zone of the Ukrainian
Shield (50-55 km). In the rest of the profile the M discontinuity centers
around an average depth that is about 40 km. The hypsometric position
and thickness of the layers that make up the crust also vary consider-
ably. Depths to the consolidated basement and, correspondingly, the
thickness of the sedimentary mantle range from O (the Ukrainian Shield)
to 10-15 km (Subcarpathian Trough and Carpathians). Because the Conrad
discontinuity is unclear at many points, the thickness of the “granitic"
and "basaltic" layers cannot always be reliably determined. Nonethe-
less, it may be stated that the thickness of the "granitic" complex be-
neath the Ukrainian Shield is large, at least 25-35 km, while the thick-
ness of the "basalt" beneath the Hungarian Depression is very small

(3-4 km). In the lower parts of the crust beneath the Carpathians and
Subcarpathian Trough is a layer with layer velocity on the order of

7.6 km/sec, intermediate between the velocities in "basalt" and the
mantle. This layer appears to correspond to a complex of rocks of mixed
crust-mantle composition. The Carpathians as a whole are characterized
by general, conformable bedding of all the basic crust boundaries, be-
ginning from the foot of the Flysch complex and ending with the M dis-
continuity. All these boundaries descend from the Transcarpathians to
the Subcarpathian Trough, beneath which they are at maximum depth. The
Carpathian "root" 1s, thus, asymmetrical; it is displaced significantly
to the northeast relative to the axis of the mountain structure [10].

The gravitational field in the zone of the third profile is also intri-
cately differentiated. A large regional minimum of gravity with a
northwesterly trend stands out distinctly within the Folded Carpathians
and Subcarpathian Trough. A large minimum is located in the northeastern
part of the profile, within the Ukrainian Shield. South and west of this
minimum and also in the Dnepr-Donets Depression and the Transcarpathian
Trough there are distinct gravitational maximums. The Great Hungarian
Depression and Volyn'-Podol'sk Platform have average values of gravity
anomalies. The gravitatlonal field of the large anomalies is compli-
cated by numerous small disturbances.

To construct a deep density cross-section on the basis of the observed
gravitational field it is necessary to use data on the structure and
physical prenerties of the crust and upper mantle obtained by other tech-
niques. Without these findings, which are superposed on the desired
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density sectlion as constraints, it 1s possible to calculate an un-
countable set of models that satisfy the observed gravitational field
(14, 15]. For this reason, the distribution of densities in the upper
part of the lithosphere in the regions under consideration was studied
on the basis of a deep sounding section [11-13]. The constraints on
the density model were not only the geometry of the seismic boun-
daries but also characteristics of veloeity columns that change from
one regiea to another. The use of these columns to determine densities,
intervals of their permissible values, and jumps at particular depths
was based on the general relationship between velocity and density.
This relationship unquestionably exists, although as the result of
various factors it is sometimes not very clearly expressed (see Figure
1 below).

Figure 1. Relationship Between

the Velocity of Longitudinal v amlcen

Seismic Waves (P-Waves) and Rock bamleer (km/ sec)
Density (drawn by V. S. 8

Belokurov)

Key: (1) According to I. G.
Klushin (1961);
(2) According to N. N. 6
Puzyrev (1959);
(3) According to V. M.
Berezkin (1963);
(4) According to B. K.
Balavadze and P. Sh. 4
Mindel' (1971);
(5-7) According to N. N. 3
Mikhaylov (1965) --
(5) For the Entire ‘
Sedimentary Stratum ?
of the Ukraine from
the Devonian to the . . ,
Paleogene; 3
(6) For Carbonate _ (g/cm”)
Rocks; '
(7) For Terrigenous
Rocks;
(8) According to D. E. Nef and S. L. Drake (1959);
(9) According to H. V. Menard (1967);

(10) According to M. L. Ozerskaya (1970) for a Pressure of 4 kbar
(10a and 10b are the upper and lower boundaries of fluc-
tuation of parameters);

(11) According to M. B. Dortman and N. Sh. Magid (1969) for Different
Values of the Texture Coefficient K;;

(12) Averaged Dependence. 75
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Calculations of sections of the crust and mantle using gravimetric data
exclusively, a common practice in the past that is still sometimes done
today, must be acknowledged to be unjustified. In such sections the

crust is represented as having homogeneous layers (the "granitic' layer
with a density of 2.7 g/em3) with conformable boundary surfaces,

- which 1s not generally confirmed by deep seismic sounding studies.
Homogeneous-layer density models compiled on the basis of seismic sections
but without considering vertical, lateral, and local changes in density

in the layers, which are graphically reflected in velocity sections and
columns, are also inadequate.

Densities and permissible intervals of change in density depending on
depth were calculated for different segments of the third international
deep sounding profile on the basis of data on the distribution of veloci-
ties in the crust and the averaging curve (see Figure 1 above and Figure 2
below). The use of such regional graphs 0|H|, where o is dengity and H is
depth, made it possible to effectively approach the true distribution of
densities in a deep section of the crust and upper mantle. This approxi-
mation 1s not ideal, however, and the graphs are apparently still too
generalized because when they were used it was not always possible to
achieve full correspondence with observed values for the force of gravity
and corrections ranging from #0,01 to 0.06 g/em? had to be made in the
model.

Analysis of the change in the density of rocks in wells with depth com-
pared to data on the densities at great depths showed that the gradient

of increase in density observed in the near-surface zone of the crust can-
not remain the same, but must decrease considerably. Thus, in the wells
of the northwestern part of the Ukrainian Shield, drilled to a depth of
600 m in the sector of the Korosten' Pluton, the gradient in the Rapakivi
granite averages 0.08 g/cm3 per kilometer. If this magnitude were to re-
main constant, the rock density values at a depth of about 10 km would
reach 3.43 g/cm3, which is unrealistic because such magnitudes are al-
ready characteristic of mantle material. According to theoretical cal-
culations, the density of the rock at this depth is not more than 2.85
g/cm3. It is not impossible that a density inversion may occur in the
depth range between 5 and 15-20 km. This is indicated by the dis-

covery of many seismic waveguide regions in this zone of the crust,

some within the territory under consideration [3, 13, 25, 27, and others].

- The calculated model for the third international deep sounding profile
(see Figure 3 ) is not steeply sloping, nor is it without shortcomings.
But it reflects the mosaic, layer-block structure of the crust and takes
account of the vertical and lateral variations of density in the layers
and blocks. To a significant degree these variations are conditioned
by special features of the distribution of velocity parameters. Based
on these parameters we may conclude that the drops in density in the
upper zones of the crust are much greater than in the lower parts and
the underlying mantle. The spectrum of permissible density values
narrows with depth. The model under consideration "permits" gravitation
by all possible density heterogeneities both in the crust and the
mantle, unlike the models of certain authors who attempt (without
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Figure 2. Graphs of the Dependence of Density on Depth.

Key : a) For the Voronezh Masiff (calculated according to T. V.
Il'chenko's Velocity Column);
b) TFor the Dnepr-Donets Depression (according to the findings of
K. A. Bolyubakh and A, V. Chekunov);
¢) For the Ukrainian Shield (according to the findings of K. A.
Bolyubakh and A. V., Chekunov);
- d) For the Volyn'-Podol'sk Platform (according to the velocity
column of V. S. Geyko and L. P. Livanova);
“e) TFor the Carpathians (according to L. P. Livanova's wvelocity
column);
f) TFor the Great Hungarian Depression (according to the velocity
column of E. Mitukh and K. Pozhgaya).

justiflcation, in our view) to confine all gravitational activity exclu-
sively to the upper part of the crust. There is a sufficient number of
indications, obtained by various independent techniques (seismology,
deep seilsmic sounding, calculation of isostatic anomalies, satellite
observations, indirect geological data, and the like), of the existence
of large deep-crustal and mantle heterogeneities that cannot be ignored.
The resolution of the gravimetric method for identification of such
heterogeneities decreases with depth, but this does not mean that they
do not exist. As for purely gradient-type density models, despite all
their unquestioned merits they are only one type of approximation and
often fail to take into account the discrete character of the internal
structure of the crust, which is manifested in the existence of abyssal
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reflections from numerous boundaries where what occurs is not a change
in the gradient, but rather a break in the velocity function and an
abrupt drop in its values with depth. The optimal density model should,
of course, depict both fundamental characteristics of the medium under
study, its discreteness and its gradients.

During calculations for the third international deep sounding profile the
position of gravitational objects was determined in a three-dimensional
variation. 'The mathematical apparatus of Ye. G. Bulakh and M. N. Markova
was used [4]. The interpretation lnvolved determination of the compon-
ents of the observed gravitational function and eliminating them from the
function in sequence. Anamolies caused by petrographic and 1ithological
heterogeneities in the top horizens of the crust were subtracted first.
Then the position of the gravitational objects within the crust was de-
termined and the effect created by them was eliminated. As a result of
these operations the component of the gravitational field related to
density heterogeneities in the upper mantle was isolated, Determination
of the center of gravity of the particular anomaly-forming bodies that
make up this component yielded depths of 100 km and more. The method-
ology of this interpretation is set forth in detail in work [2].

It is apparent from the geological-geophysical section (Figure 3) that bodies
of increased density, exceeding the average by 0.03-0.25 g/cm3, stand out
{n a number of sectors of the upper crust near the basement surface.

Such bodies have been noted at the base of the sedimentary stratum of the
Transcarpathian Trough, near the deep fracture that separates the trough
and the Folded Carpathians, in the region of the Subcarpathian Trough and
ite zone of connection with the East Buropean Platform, within the Volyn'-
Podol'sk Platform, at its contact with the Ukrainian Shield (zone of the
Rovno Fault), and in the sectors of the Shepetovka Block and the Korosten'
Pluton of the Ukrainian Shield. These bodies differ by geological nature
and are not always identified unambiguously. They are caused by density
heterogeneities in the lower parts of the sedimentary mantle or upper
parts of the basement, possibly in both at the same time.

Some of these heterogeneities have already been outlined earlier. For
example, works [7, 16] assumed that there were either quite strongly up-
1ifted blocks of the pre-Cretaceous substrate or thick beds of extrusive
rock in sediments lay at the base of the Transcarpathian Trough. In the
transition zone between the Subcarpathian Trough and the Volyn'-Podol'sk
Platform gneiss strata have been jdentified in the body of the crystal-
line foundation in addition to the granitic-migmatic "fabric" [20].

The data now obtained on excess densities confirm that we may expect
dense magmatic formations to occur in this region.

Rocks of largely basic composition cause surplus mass in the region of
the Korsten' Pluton, the Rovno Fault, and the Shepetovka Block of the
Ukrainian Shield. In the Dnepr-Donets Depression certain bodies of in-
creased density are identified on the southwestern side. In the most
submerged part of the depression (the graben), the density of the rocks
that make up the top of the crystalline substrate increases as one moves
from the periphery to the center of the graben.
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In the deeper zones of the crust along the third Internatlonal profile
the existence of complex density differentiation of material in a
lateral direction is observed. The magnitude of excess density reaches
0.18 glem3, Every reglon crossed by the profile, and frequently also
distinct blocks within them, has its own typlcal density characteristics.
The crust beneath the CGreat Hungarian Depression and ‘ranscarpathlan
Trough is generally more dense than bencath the Folded Carpathians and
Subcarpathian Trough. The crust is heaviest In the Shepetovka Block of
the Ukrainlan Shield. 'The reglon of the Korosten' Pluton, by contrast,
has the lowest density values. The density values beneath the Dnepr-
Donets Depression vary within broad limits. Density values that are
cloge to average have been identified bencath segments of the junction
of the Subcarpathian Trough and the Volyn'-Podol'sk Platform, the latter
with the Ukrainian Shield, and the Dnepr-Donets Depression with the
Voronezh Crystalline Masiff.

Identifying the influence of deeper heterogenelties, within the mantle,
is a very complex problem. Some general findings, as well as particular
(regional) data, make it possible to formulate limiting conditions and,
relying on them, to undertake an attempt at its solution. The following
is kept in mind.

The depths at which the expected mantle heterogencities should be located
correspond to the usual depths of the asthenosphere layer (the Gutenberg
waveguide) so it is logical to conclude that they are, in fact, confined
to {t. Different authors (9, 28, and others] using different techniques
and materials have obtained similar results, putting the roof of the
asthenosphere beneath the Carpathians at a depth of 80-90 km. According
to the findings of Hungarian researchers [29, 30] it decreases to 60 km
under the Great Hungarian Depression. The depth to the foot of the
asthenosphere in this region may be considered to be as much as 250 km
[1, 8]. The density in the medium surrounding a waveguide is taken to
be 3.3 g/cm® (6, 17]. In the asthenosphere, which generates basaltic
magma and, we assume, consists of 12 percent of this magma [1], the
average density of the matter should be lowered accordingly by 0.07
g/em?.  According to the findings of [1, 19], a waveguide may contain
particular interior layers with relatively higher and lower velocities
of propagation of elastic waves and, correspondingly, densities. Con-
sidering this initial information, calculations were made leading to
selection of a model (see Figure 3). Despite the fact that it is cer-
tainly quite hypothetical, it correlates quite well with near-surface
geological structures.

Lateral changes of density in the asthenosphere appear to be 0.04-0.10
g/em?. A definite {nterrelationship can be identified between the con-
figuration of this laver and distribution of mass within it, on the one
hand, and the thickness of the crust investigated by the deep seismic
sounding technique on the other. Thus, beneath the Great Hungarian
Depression and Transcarpathian Trough, which have thinner crust and are
characterized by high thermal flow, the roof of the asthenosphere is
uplifted, its thickness is greater, and relatively light material
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o o= 3. 10-,25 glem?) elearly predominates in lt, Beneath the Folded
Carpathlans and Subcarpathian Teough where the crust is thickest (up to
65 km) and the heat flow is less, the thlckness of the asthenosphere
waveguide decreases and it contains the largest proportion of dense

(0 = 3.43 g/em®) masses., DBeneath the Dnepr-Donets Depression heavy ma-
tertal (o = 3.45 g/em ) in the asthenosphere predominates over light
material (¢ = 3,15-3,25 g/cm3). The vertical thickness of the waveguide
is minimal (or it may possibly be completely absent) beneath the struc-
tures with average crustal thickness and low thermal flow (the Volyn'-
Podol'sk Platform, the Ukrainian Shield, and the Voronezh Massif).

These relationships between the structure of the crust and distribution
of mass at great depth correspond well to S. I Subbotin's ideas [16-~18]
concerning the existence of zones of compacted and de-compacted mantle
beneath these structures. It is very suggestive that the asthenosphere
is thickest, least compacted, and most "disturbed" beneath the region of
active, young tectonic deformations and volcanic activity in the Car-
pathians, that relicts of former activity can still be discerned beneath
the older Dnepr-Donets Depression, and that such signs are essentially
absent under the long-consolidated, ancient structures of the Ukrainian
Shield and Voronezh Matsif, where the very existence of a softened
asthenosphere is problematic. Against the background of these character-
istics, the location of the Eastern Carpathians seems naturalj this
folded structure occurred at exactly the place where the most active,
"live" part of the asthenosphere joins with its most passive, virtually
"extinct' part.

The asthenosphere layer does not differ by parameters only beneath dif-
ferent geological structures; it is plain that significant changes in
this layer also occur at the contacts between them, which correspond to
major, deep fractures. These contacts are the zones of articulation of
the Transcarpathian Trough and the Folded Carpathians (the Peripenine
Lineament), the Subcarpathian Trough and the East European Platform,

the Volyn'-Podoi'sk Platform and the Ukrainian Shield (the Rovno Fault),
the Ukrainian Shield and the Dnepr-Donets Depression, and this depres-
sion in the Voronezh Massif. The roots of the deep faults, which arise
in the mantle, fracture the entire thickness of the crust [17, 18, 26,
and others], and carry basaltic material to the upper layers of the
crust (which has been geologically documented in all of the zones listed
above) could manifest themselves in such changes in the asthenosphere
beneath the zones of articulation of major geological structures.

The material cited, together with the findings of works [S, 23, 25],
allow us to take up certain issues of the mechanism of formation of
these structures. The increased thickness and uplifted position of the
roof of the asthenosphere, saturated with relatively light material, be-
neath the Great Hungarian Depression, which is characterized by high
thermal flow and recent, intensive magmatic activity, testifies to ac-
tive upsurge beneath the depression of heated and de -consolidated mantle
material that forms the ascending convection flow or asthenolith.
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Apparently it occurred as an abyssal source of heat about 50 million
years ago, in the Paleogene [5], as the result of phase, polymorphous,
or other transformations of matter (17, 18]. It began rising toward

the surface at that time. As time passed and 1t penetrated less dense
horizons of the mantle, its upward movement slowed down and today the
roof of the asthenolith is at a depth of about 60 km. The movement of
material in it, rising in the center and descending (as the result of
cooling and compaction) along the periphery, affected the overlying
shell in such a way that the crust was subjected to breaking up,
tangential stretching, and pulling apart [23, 25]. Mantle material rose
beneath the Hungarian Depressions, then spread in the direction of the
Carpathians and, apparently, the Dinarides. The compensating descending
branches of advection were located along the outer margin of the Car-
pathian Folded Arc where the smallest thermal flows in the Carpathian
region are observed today. This process has caused significant changes
in absolutely all the physical parameters of the lithosphere of this
reglon [5). Beneath the territory of Hungary, apparently as a result

of the existence of a large amount of melted material, the velocities of
propagation of elastic waves are lowered, the matter is less compact,
and electrical conductivity is greater. The Curie isotherm is abruptly
uplifted here also, All this caused corresponding geophysical anomalies.
The high temperatures created favorable conditions in the crust for the
formation of zones of partial melting beneath the Transcarpathian Trough,
which is confirmed by the existence there of zones of heightened elec-
trical conductivity and seismic waveguides.

Under the influence of the abyssal mechanism described, the crust of the
Carpathian Region has experienced profound transformations. Geologically
speaking, they have been very rapid because they have taken place in
just the concluding orogenic phase of the Alpine stage, a comparatively
short period but one with such important consequences that a reconstruc-
tion of even the very recent pre-orogenic structure of the crust of the
region is complicated. As a result of these transformations, the follow-
ing characteristics of the deep structure of the region emerged [23, 25):
1) the M discontinuity is lowest beneath the Subcarpathian Trough and
the Skibovaya Zone of the Carpathians, with depths decreasing uniformly
toward the Great Hungarian Depression where they have their minimum
values; 2) the Conrad discontinuity is deepest beneath the Subcarpathian
Trouph; 3) the surface of the 'granitic" layer (basement) is lowest be-
neath the Interior Zone of the Subcarpathian Trough; 4) the primary
crustal boundaries in the Volyn'-Podolsk Platform and in the Carpathians
generally lie conformably; 5) the thickness of the "basaltic" layer be-
neath the Great Hungarian Depression is sharply reduced; 6) the deep
fractures along the southwett margin of the East European Platform
descend toward the northeast, under the platform; 7) the fractures in
the Quter Carpathians, according to geological data, dip to the southwest;
8) the Flysch strata of the Outer Carpathians have been thrust to the
northeast, in the direction of the Subcarpathian Trcugh, and the degree
of thrusting increases closer to the trough; 9) magmatic rocks, chiefly
_ of basic composition, are widely developed in the Great Hungarian
Depression and Transcarpathian Trough, whereas they are not characteristic
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of the Subcarpathian Trough and Flysch Carpathians. These characteristic
features are explained by the rising of abyssal, heated asthenolith from
the asthenosphere accompanied by a warming of the lithosphere followed
by horizontal seepage of the uplifted material in the suberustal area and
a compensatory downflow to the depth of comparatively cold lithosphere
bodies, that is, in general, the mechanism described above.

The tangential stretching forces in the crust of the region occurred in
the final stage of the rising of the asthenolith, during its outward
flow. These stresses led in the Neogene to formation of the (Qreat
Hungarian Depression and Transcarpathian Trough in place of the Baikalian,
Paleozoic, and Mesozoic folded structures. Stretching accompanied by
downwarping of the basement caused the crust to be pulled apart and led
to the formation of zones of lowered pressure. Faults opened channels
for magma from the mantle to enter; they opened up the partial melting
chambers that existed in the crust as the result of heating or caused
them to occur by reducing pressure in a high-temperature setting. This
caused considerable volcanic activity in the interior zones of the
Carpathian Region. As a result of the stretching and heating up, it
appears that the "basaltic" layer largely melted and a significant part
of its matter, together with the mantle matter in the form of magma,
chiefly of basic composition, was forced into the upper layers of the
crust, including the sedimentary layer. The result of this process is
the almost complete absence of a "basaltic" layer bemeath the Oreat
Hungarian Depression and also the existence, primarily around its
periphery, of large masses of rock of magmatic origin. The Beregovo and,
especially, Transcarpathian (Peripenine) deep faults are of this type;
they opened up deep magmatic centers and thus fueled the volcanic ac-
tivity of the Vygorlat-Gutinskaya Range and Beregovo Mountains. The
dimensions of the Transcarpathian Fault allow us to assume that its
"roots" are located directly in the body of abysral asthenolith.

The tangential forces stretching the crust led to displacement of its
matter in the direction of the platforms next to the Carpathians. The Car-
pathian faults along which this displacement maialy occurred acquired
a dip toward the center of the asthenolith, and ‘he further from the
center they were, the more gentle the dip was. The tangential, cen-
trifugal movement of crustal masses encountered resistance from the
surrounding stable platforms. Because the marginal fractures of the
East European Platform descend to the northeast, bemeath the platform,
while the fractures of the Eastern Carpathians dip to the southwest,
a "ramp" type structure formed in the zone of articulation. Tangential
compression at the edge of the platform together with the effect of the
descending advection branch.led to burial of a wedge-shaped (narrower
at the top) blcck of crust. Along with the lowered block the Conrad
- and M discontinuities as well as the surface of the basement descended.
_As a result, it 1s here that the greatest depths to these surfaces are
observed. Here too the thickness of the lower layers of the crust is
sharply increased as a result of the lateral forcing of crustal material
from the Great Hungarian Depression and Transcarpathians and its accumu-
lation. The submerging of the basement led to formation of the narrow
Subcarpathian Trough, onto which the Flysch strata of the Carpathians
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were thrust. Thus, this trough arose as a result of compression of

the crust. Because the Subcarpathian Trough and the part of the Car=-
pathians adjacent to it experlenced compresslon and are located above a
relatively cool, descending advection branch, magmatic shows are not
characteristic for them.

The mechanism of formation of structures of the Carpathian reglon that
we have described, involving the rising of heated, abyssal asthenolith,
1ts outward flow, and the tangential stresses thus caused in the crust
provide a good explanation for the arching bend of the Carpathilans in
plan view, the asymmetry of the "roots" of the Carpathians and Dinarides
which are displaced regularly to the northeast and southwest of the
axlal parts of these mountain structures respectively, and of the move-
ment of mountain masses away from the Hungarian Depression, a phe-
nomenon universally observed in the Carpathians and Dinarides. The ac-
tion of the mechanism is not yet completed; it continues to create very
intensive flelds of mechanical and thermal stresses whose discharge finds
expression in seismic activity, modern movements of the crust, and the
like.

The heavv ultrabasic components of the asthenolith, ser ju motion,
settled In the descending advection branches, leading t. 1 concentration
of dense material in the asthenosphere beneath the Carpachians (see
Figure 3).

During formation of the Dnepr-Donets Depression, which is an extension
structure [21, 22], abundant basaltic magmatic material came from the
asthenosphere into the upper layers of the crust. The ultrabasic ma-
terial left after the basalt fused now forms a relatively compact medium
in the asthenosphere beneath the depression (see Figure 3). The prin-
cipal channels by which the basaltic magma rose up are confined to

the central part of the depression, where the densest varieties of rock
are observed in its foundation.

Most of the faults of the Korosten' gabbroid pluton, which is located in
che northwestern part of the Ukrainian Shield not far from the Dnepr-
Donets Depression, dip very gently the northeast, toward the depression
[25]. If we imagine a continuation of these faults to depth, they would
join with the asthenosphere center beneath the depression. This cir-
cumstance allows us to hypothesize that the beginning of the abyssal
process in the mantle that later led to the formation of the Dnepr-
Donets Depression dates to the Middle Proterozoic, not to the Riphean

or Paleozoic. It is apparent that magmatic activity had already begun
then in the zone of the depression. It is possible that magma from a
single asthenosyhere center penetrated into structures adjacent to the
depression along distinct, gently sloping faults. This refers in par-
ticular to the Ukrainian Shield where, after cooling at depth, it

formed the modern, denuded gabbroid plutons (Korosten', Korsun'-
Novomirgorod).

The presence of dense magmatic rocks which were also generated in the
asthenosphere layer of the mantle is observed in the zones of
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artlculation of major structures in other segments of the third inter-
national profile such as the Rovno Fault. The zones of articulation
are more active; the processes of breakage and magmatic activity were
periodically renewed in them.

Comprehensive interpretation of geological and geophysical findings on
the deep structure of the outer shell of the earth allows us to obtain
additional information that is important for understanding the nature
and mechanism of the processes taking place in it.
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Ceologieal-Geophysical Section of the Crust and Upper Mantle

along International Deep Seismic Sounding Profile III.

Key : 1)

9)

Crust with Seismic Boundaries According to Deep Seismic
Sounding Data;

Basement Surface;

Conrad Discontinuity;

M Discontinuity;

Segments of Increased Density in the Crust;

Faults;

Parts of Mantle above and below Asthenosphere;
Asthenosphere with Sectors of Relatively Lower (a) and Higher
(b) Density;

Direction of Movement of Material in the Mantle and Crust;

10) Basaltoid Magma Channels;
11) Density (g/cm®).

(Encircled numbers indicate curves of gravity anomalies :1 — observed;
2 — calculated ‘

Components of curve 2 calculated : 3 — from local bodies; 4 — from
larger objects; 5 — from lateral heterogeneities in the sedimentary
mantle and basement; 6 — from the "basalt" layer; 7 and 8 — from
lateral heterogeneities in the crust; 9 — from the M discontinuity
10) from lateral heterogeneities in the upper mantle; 11 — the curve
of the vertical component of an anomalous magnetic field

[Place Names]

a)
b)
c)
d)
e)
£)
g)
h)
i)
hD)
k)
1)
m)
n)
o)

Great Hungarian Depression;
Debrecen;

Hungary;

Transcarpathian Trough;
USSR;

Beregovo;

Carpathians;
Subcarpathian Trough;
Volyn'-Podol'sk Platform;
Ukrainian Shield;
Korosten' Pluton;
Shepetovka;

Tsepovichi;

Dnepr-Donets Depression;
Voronezh Masiff.
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[Place Names on Small Inset Map]

a) Budapest;

b) Debrecen;

¢) Warsaw;

d) Carpathians;

e) Volyn-Podol'sk Platform;
£) Shepetovka;

g) Ukrainian Shield;

h) Kiev.

COPYRIGHT: Izdatel'stvo "Naukova dumka,' "Geologicheskiy zhurnal," 1979

11176
CSO:  8144/1168-E
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GEOPHYSICS, ASTRONOMY AND SPACE

EXPERIENCE GAINED IN COMBINING SEISMIC METHODS IN
STUDYING THE NORTHERN EDGE OF THE CASPIAN DEPRESSION

Moscow GEOLOGIYA NEFTI I GAZA in Russian, No 1@, 1978 pp 5-9

[Article by T. A. Akishev, R. U. Ashimov, V. P. Komarov, and B. A. Khrychév,
Iliyskaya Geophysical Expedition: "Experience Gained in Combining Seismic
Prospecting Methods in Studying the Northern Edge of the Caspian Depression"]

[Text] The great promise of the presence of oil and gas in the subsalt de-
posits of the Caspian Depression's northern peripheral zone has been confirmed in
recent years by the discovery of the Zapadno-Teplovskoye and Gremyachinsk
gas-condensate fields. A large volume of seismic studies have been accomplished
here now which permitted refining and, in some cases, eve: changing previously
existing ccncepts on the plutonic structure of this region. In 1969-1975, the
Iliyskaya Geophysical Expedition of YuKTGU [expansion unknown] conducted a

study of the plutonic geological structure of the Caspian Depression's north-
ern slope zone. Studies with the MOV [reflected-wave method]. were accomplished
in a zone 50-70 km wide between the settlementsof Chingirlau and Novoalekseyevka,
and using KMPV [correlation method of refracted waves]--in a zone 100-150 km
wide between the settlements of Semiglavyy Mar and Martuk (Fig. 1).

The procedure and results of these works were examined in detail earlier [1, 21.

As a result of these studies, new information was obtained on the plutonic
geological structure of the Caspian Depression's northern peripheral zone.

The surface of the foundation (along the bottom of the salt) in the zone of

the Zhadovskaya step and the Irtek-Ilekskaya flexure, which coincide spatially
with the zone of the peripheral gravitational step, occurs at a depth of 6-7 km
(Fig. 2) and there are no abrupt scarps in its relief. A region of the gently
sloping occurrence of the foundation at a depth of 7-8 km--the Ilekskaya step
complicated by the Berezovskiy and Koblandinskiy projections--has been mapped
south of the gravitational step and east of the settlement of Burli.

In the area of the Ilekskaya step, MOV work by the Iliyskaya geophysical expe-
dition disclosed the Koblandinskoye, Tamdinskoye, and Akrapskoye local uplifts
within the limits of which the surface of the subsalt Paleozolc 1s at a depth
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of 5,5-6 km, while further west MOV-MOGT [expansion unknown] work by the U-
ral'sk geophysical expedition disclosed local Karachaganakskoye, Aksayskoye,
Konchebayskoye, and other uplifts with a depth of roof occurrence for subsalt
deposits of 4-5 km. Thus, the spatial confinement of the subsalt Paleozoic
local uplifts to the Ilekskaya step was established (see Fig. 1).

o ————
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~
) L B e (3 Bade B35 (e [2)

Figure 1, Diagram of the spread of subsalt sulfate-carbonate
deposits on the northeast of the Caspian Depression.
1- 1imit of spread of subsalt sulfate-carbonate de-
posits; 2- limit south of which the roof of subsalt
sulfate~carbonate deposits (d9%) occurs deeper than
the bottom of the salt-bearing Kungur(Mi); 3- peri-
pheral gravitational step; 4- local uplifts of sur-
face of subsalt deposits according to data: a- of
geismic prospecting aund drilling; b- seismic pros-
B pecting; 5- isohypses of the surface of subsalt

i sulfate-carbonate deposits (km) acrording to KMPV

- data: a- reliable, b- hypotheticul; 6- KMPV pro-

g files, GSZ [deep seismic sounding]; 7~ steps:
I- Kalmyk-Chabanskaya, II- Chelkarskaya, III-
Ilekskaya.

Key:
1. Ural'sk 3. MPOV
2. Orenburg

- West of the settlement of Bueli the inner zone of the depression near the
’ periphery is several times narrower and the surface of the foundation is
subsided very abruptly here-—from 6-7 to 10-12 km, and further toward the
center of the depression up to 20 km. South of the settlement of Semiglavyy
! Mar KMPV work disclosed the Kalmyk-Chabanskaya step with the depth of occur-
- rence of the subsalt Paleozoic surface of 6~6.5 km.
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Figure 2. Comparison of MOV, MPOV [transmitted transformed wave
method], and KMOV data for the LIX profile.
Reflacting horizons: 1- T, MMy, €y (from data of the
Ural'sk geophysical expedition), 2- My (from sounding
data of the Spetsgeofizika [Specialized Geophysical)
Trust, 3- A, Y (from data of the Orenburg geophysical
office); refractive boundaries: 4- salt surface on o8
arches of domes; 5- boundary in supersalt deposits d,-,
6- surface of subsalt sulfﬁte-carbonate depos Lts 498,
7- surface of foundation d.; 8- boundary of exchange
on surfaces: Cj--upper Careoniferous (bottom of salt),
C;--lower Carboniferous, Dy--in Devonian lows; Pg --

- Pre-Cambrian foundation; 9- fractures from MOV data.

Information was obtained for the first time on the lithology of the subsalt
sedimentary complex from KMPV data.

It was established that in the inner zone near the periphery (south of the
gravitation step) the thickness of the subsalt carbonate mass of the upper
Devonian-lower Permian decreases from 2.5 to 1 km and then peters out com-
pletely. Farther to the south, carbonates appear in a section within the
limits of the Central Caspian Depressionwhere they sccur 1-3 km deeper than
the bottom of the salt. Only west of the city of Ural'sk are the subsalt
carbonates from the inner zone near the periphery continuously traced in the
area of the Central Caspian Depression (see Fig. 1).

An analysis of MOV-MOGT, KMPV, and MPOV work permits us to evaluate the capa-
bilities of various methods in the following manner and to judge the expediency
of their ratlonal co?bination in studying various seismological zones.

1. MOV-MOGT provide information on the relief of boundaries in the subsalt,
supersalt, and sometimes the salt-bearing strata with extremely high accuracy.
As a rule, however, MOV-MOGT does not ensure the reliable study of the founda-
tion surface which controls the structure of at least the lower part of the
subsalt deposits and the lithology of the subsalt deposits. In the zone of
subsalt flexure, regular reflections from the salt bottom and deeper subsalt
horizons cannot be recorded. The reflecting horizons are not always
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unambiguously identified through the correlation discontinuity zones. Compli-
cation of the wave field in the peripheral zone is graphically illustrated by the
intermittent section presented in [3].
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Figure 3. Comparison of data from deep drilling with results

- of MOV and longitudinal and nonlongitudinal profil-
ing with KMPV on profile LXXIII (Zapadno-Teplovskaya
area) .
1~ roof of salt-bearing Kungur and roof of sulfate
deposits in the base of the Kungur from drilling data;
2~ reflectipg boundaries S and M; 3- refracting
boundaries d (roof of salt-bearing Kungur) and d98
(roof of sulfatc deposits in base of Kungur) from
data of longltudinal (a) and nonlongitudinal (b)
profiling with KMPV; 4~ sand; 5- clay; 6- aleurolite;
7- rock salt; 8- gypsum an® anhydrite; 9- limestones;
1uv- dolomites; 11- deep-drilled wells; 12- seismo-
geological boundaries in the plane of the section (a)
and not in the section plane cof the wells (b).

2. KMPV determines the relief of the foundation surface and the surface re-
1ief and outlines of the spread uf subsalt sulfate-carbonate deposits (the
boundary d28). 1In this way, the problem of studying the lithology of the
subsalt complex is solved. The shortcomings of the method are low accuracy
of the structural formations along the subsali boundary d98 in relation to
MOV-MOCT which 1s caused by the wave's penetration into tﬁe carbonate mass
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which leads to the smoothing-out of ahrupt relief forms and by the specifie
nature of the Jeflected waves kinematics.

3. Nonlongltudinal profiiins with KMPV wae lested in the zone of subsalt

flexure. A comparison of data from drilling, MOV-MOGT, and longitudinal and
- nonlongitudinal profiling with KMPV (Fig., 3) permitted establishing that on an
upthrown side of a flexure the data from drilling, MOV-MOGT (reflecting
horizons My and S), and KMPV (refracting horizon d%8--the roof of anhydrites
in the base of the Kungura) show satisfactory conveggence. However, the low-
amplitude Zapadno-Teplovskaya structure (well 5.14) is reliably recorded only
from nonlongitudinal profiling with KMPV, Longitudinal profiling did not
permit disclosing it. MOV-MOGT materials are characterized by low quality both
in this area and especially to the south. A similar result was obtained at
other intersections of the subsalt flexure., Shortcomings of nonlongitudinal
profiling arethe low accuracy in determining the absolute depth of a bhoundary,
as a result of which the tie-in from drilling or MOV-MOGT data 1s necessary,
and the distortion of the incident wave front by the salt domes in the area
of the point of explosion. The careful selection of its location on the most
homogeneous sections is necessary to eliminate this. N

4., The transmitted transformed wave method (MPOV) was tested by the Spetsgeo-
- fizika Trust in the peripheral zone of the Caspian Depression [4].

We compared the materials from MOV, KMPV,and MPOV for the profile LIX KMPV
(see Fig. 2), The reflecting horizon A or [1; (roof of the subsalt Paleozoic)
coincides with the refracting horizoa, according to KMPV. At the same time,
horizon C3 (roof of the subsalt Paleozoic), according to MPOV data, occurs
considevably higher. The discrepancy in the data of these methods reaches
1-1.5 km. We know of numerous examples where MPOV has been employed success-
fully in areas with a simple seismogeological structure where there are no
abrupt seismic boundaries above the surface being mapped or in areas where the
results of MPOV can be checked by drilling data rather frequently.

In areas with a complex seismic section, such as the Caspian Depression,
which are characterized by the presence of several (often three) strong seismic
boundaries located above the surface of the foundation, determination of the
nature of the waves in subsequent arrivals is an extremely difficult and fre-
quently unresolvable task. It is for this very reason that the discrimination
and stratification of PPS-type transformed waves here is an extremely problem-
atical task, Another complexity in the interpretation of MPOV data is that
there are no data on the rate of propagation of transverse waves in the area
of the investigations. All this 1limits the employment of MPOV to study the

- structure of subsalt deposits and the surface of the foundation of the Caspian
Depzession. This is also confirmed by experimental work carried out by the

- Iliyskaya geophysical expedition in 1969.

An analysis of the capabilities of various methods permits us to substantiate
both the assumption of their rational combination and the procedure for the
conduct of field work in various seismogeological zones.
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The reglonal atage of KMPV studles can now he considered concluded everyvhere
with the sole exception »f the section of the peripheral zone between Ural'sk
and the settlement of Burli. Here, it is necessary to accomplish several
submeridional profiles wusing the procedure which ensures the continuous tracing
of the subsalt refracting houndary and the foundation surface.

All the KMPV profiles which have been developed should be duplicated by MOV-
MOGT since only the combination of these methods permits the study of the
foundation relief and the section and lithology of the subsalt deposits, The
procedure for KMPV and MOV work was examined carlier [1, 2].

In the zone of subsalt flexure, it is recommended that MOV-MOGT be combined
with nonlongitudinal KMPV profiling. The procedure for nonlongitudinal KMPV
profiling for seismogeological conditions of the Caspian Depression's peri-
pheral zone was designed for the recording of waves which have been refracted
on the surface of subsalt sulfate-carbonate deposits (P93) and the surface of
the salt (Pg“) from different azimuths, This permitteg consideration of the
salt's relief in the conatruction of the subsalt refracting boundary and ob-
taining two seismogeological sections with consideration of drift. The spac-
ing of the seismic receivers is 100 meters and the size of the charge is from
200-500 to 1,500 kg.

The i{nitfal object for further geological-geophysical studies is provided by

the subsalt flexure, on the upthrown side of which a number of local low-
amplitude uplifts have been disclosed--the Tsyganovskoye, Gremyachin, Vostochro-
Gremyachin, Teplovskoye, Zapadno-Teplovskoye, and others, in which regard com-
mercial inflows of gas condensate have been established on the Gremyachin and
Zapadno-Teplovskeye uplifts.

Another object of study is the interior zone of the Caspian Depression near
the periphery where the depth of occurrence of the subsalt deposits' surface
is 5-6 km. Most promising here is the area of the Ilekskaya step to which

the subsalt local uplifts are spatially confined. Within its limits, searches
should bc conducted not only for traps of the anticlinal type, but also for
nonanticlinal zones of the stratigraphic and lithological petering out of ‘sub-
salt carbonate rocks and zones of increased jointing and karst formation which
are connected with the ancient weathering crust, The study of the Ilekskaya
step should be conducted by a combination of MOV-MOGT and KMPV methods, in
which regard KMPV will solve the task of throwing light on the lithography of
the rocks and delineating the zones where subsalt carbonates peter out.

The Kalmyk-Chabanskaya step which {is located west of the settlement of Kamenka
is an object for the second phase.
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GEOPHYSICS, ASTRONOMY AND SPACE

Unc 553,98.061.4.082:550,832(574.1)

STUDY OF RNCK DENSITIES IN THE CASPIAN DEPRESSION SECTION USING
GRAVITATIONAL LOGGING

Moscow NEFTEGAZOVAYA GEOLOGIYA I GEOFIZIKA in Russian No 10, 1978
pp 28-32

[Article by V. F. Kononkov, B. V. Bobynin, V. V. Butazov, A. Ya.
Zhigalin, A, I. Volgina, A. S. Pavlov, and O. K. Kozak of the

s Soyuzgeofizika Science Production Assoclation, the Institute of Geography
of the Academy of Sciences USSR, and the Russian Hydrological Institute]

[Text] Prospects for increasing reserves of petroleum and gas in the
lateral zone of the Casplan Depression are linked to the discovery of
lithological and stratigraphic traps confined in the reefogenic forma-
tions and carbonate reservoirs of the subsalt stratum of sedimentary
rock of Lower Permian, Carboniferous, and possibly Devonian age [2].

Works [1-3] have pointed out the lack of a clear solution to the prob-
lem of searching for traps and evaluating their productivity because
of the absence of information on the true density of large volumes of
rock.

Experimental gravimetric tests were made in wells together with highly
precigse gravitational and magnetic exploration from the surface in the
lateral zone of the Caspian Depression to obtain additional information
on density characteristics.

In the Volgograd region gravitational logging was done in well 3-N at
the Nikolayevskaya site to a depth of 2,800 meters with a cutting face
of 3,200 meters; well 278-A at the Aleksandrovskaya site to a depth of
2,100 meters with a cutting face of 4,162 meters; well 276-N-N at the
Novo-Nikol'skaya site to a depth of 1,850 meters with a face of 4,162
meters (see Figure 1 below). 1In the Saratov region gravitational log-
ging was done in well 6-N at the Miloradovskaya site to a depth of
1,390 meters with a cutting face of 1,785 meters.

The study sites belong to different tectonic elements. Thus, the
Miloradovskaya and Nikol'skaya sites are located directly within the
boundaries of the lateral zone and its immediate outer margin, while
the Novo-Nikol'skaya and Aleksandrovskaya sites are located in the
inner, near-lateral interdome zone of the Caspian Degression.
97
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Figure 1. Map of the Region in
which Geophysical Work Was Done
in 1974-77:

Key: 1) Zones of High
Gradients of Gravi-
taticnal Force;

2) Boundaries of Second-
Order Zones Determined
by Composite Geophysi-
cal Lescriptions;

3) Zones of Maximum Gravi-
taticnal Force;
4) Profiles Studied by

Scientists from the
Institute of Geography
and Fussian Hydrological
Institute Using High-
Precision Gravitational
and Magnetic Exploration;

5) Wells in which Gravita-
tional Logging Was Done;
6) Wells Drilled; (Volgogra@

- (A) Aleksandrovskaya Site;
(n) Primorskaya Site;
(H-H) Novo-Nikolayevskaya Site.

(H) Nikolayevskaya Site; Jmeamd§

22/, 3 2888,
Sy, s 5,004

The affiliation of the objects of study with different tectonic elements
was reflected both in the techniques of gravitational logging and in

the results of determining rock densities in the geological section.
Gravitational logging at the study sites was done with measurements at

fixed points primarily using the top-to-bottom technique.

The mean

quadratic error of measurement within the range 0.15-0.3 milligals
insures determination of the density of rocks in the geological section
on the vertical with a precision from 0.0l to 0.05 grams per cubic

centimeter at intervals of 100 meters.

When calculating the apparent density o,4 along the shaft of the wells
by the top-to-bottcm technique we used the following equation (P. I.

Lukavchenko, 1955):

1
Oad = 50838, |B1-8B1410-3086htgR 2],

(1)

After simplification calculations were made according to the formula

0ad = 3.68+11.933 28,

(2)

where Az is the dintance in meters on the vertical and Ag is the dif-
ference in force of gravity between the top and bottom observation

points. . 98
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The results of the determination of rock density of the geological
section of the slope (side) of the depression and its western margin
are given in Figure 2 below.

As was observed above, measurements of the force of gravity were made

in wells 6-M, 3-N, and 1-N together with high-precision gravitational
and magnetic exploration from the surface to determine the density char-
- acteristics of the lateral (slope) zone and outer margin., We will
briefly discuss below the results obtained from measurements in these
wells,

In well 6-M at the Miloradovskaya site gravitational logging was done
- by the loop increment technique, from the bottom to the top and from
the top to a depth of 1,390 meters. With a precision of observation
£ = +0,28 milligals, the error in determining density was +0,03 g/cm3
with an observation interval of 100 meters. Eleven runs were made.

The cross-section of the well was compiled from geological materials

of the Lower Volga Territorial Geological Administration. To a depth
of 630 meters the section is represented by terrigenous deposits, be-
neath which 1s the salt of the Kungurskly Stage of the Lower Permian
(Plkg) with interlayers of anhydrites. The density graph constructed
from gravitational logging data reflects a change in density from 1.8
to 2.8 g/em3. From the mouth of the well to a depth of about 500
meters the apparent rock density 0,4 changes unevenly from 2.06 to

2.27 g/em3, probably caused by the more dense packing of the rock owing
to geostatic pressure, which increases at depth. In the interval 500-
630 meters 0,p increases sharply to 2.66 g/em3. This is apparently re-
lated to the appearance of dense sandstones and, possibly, unrecorded
interlayers of anhydrites in the section. On the density graph

Caq = 2.66 g/cm3 corresponds to them. Lower in the section, to a depth
of 700 meters, the sandstones alternate with layers of anhydrites and
0,4 increases to 2,73 g/cma. Even lower, down to 1,390 meters, inter-
layering of sand and anhydrites is observed. 1In this interval o,
varies in a wide range, from 2.03 to 2.59 g/cma. Comparing the 1§tho—
logical section of the well with the density graph it appears that

pure rock salt has a 0,4 = 2.03 g/em3. 1In the interval 800-1,000 m
where interlaying of salt and anhydrites is observed 0,4 increases to
2.54-2.59 g/cm3. Down to 1,300 m practically pure salt is found,
characterized by a 0,4 from 2.03 to 2.10 g/cma. According to data

from the Dergachevskiy NER [expansion unknown], a layer of anhydrites
is identified in the interval 1,197-1,223 m, but it is not reflected

in the density graph. From a depth of 1,300 m 0,q increases with

depth to 2.47g/cm3, probably related to the presence of anhydrites.

In the western part of the outer lateral margin of the depression
gravitational logging was done in well 3-N at the Nikolayevskaya site
to a depth of 2,800 m.

At well 3-N (see Figure 2), measurements of the force of gravity were
done with a precision of € = $0.25 milligals, which makes it possible
to determine rock density with an error of +0.03 g/cm3. The density
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Figure 2.
Logging, Done by the Institute of Geography and Russian Hydrological
Institute Jointly with the Soyuzgeofizika Science-Production Association
in 1974-1977.

Kev:

Results of Determination of Rock Densities by Gravitational

Density Graph;

Well 3, Nikolayevskaya;
Well 278-Aleksandrovskaya;
Well 276, Novo-Nikol'skaya;
Well 6, Miloradovskaya.loo
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graph as a whole reflects change in rock density from 1.7 to 2.7 g/cm .
The above-salt deposits here are sandy-clayey rocks of relatively small
thickness (1.2 km). 'The apparent density to a depth of 1,160 m shows

a tendency to increase.

In the depth interval 1,160~1,260 m, represented by limestones of the
Kazan' Stage of the Upper Permian (P kz), oyq = 2,52 g/cm . Lower in
the section salt occurs with thin interlayera of anhydrites;

Opq = 2.25-2.28 g/cm3. In the interval 1,400-1,500 m magnesium salts
of contrasting density stand out; 0,4 = 1.77 g/cm3. The depth interval
2,200-2,300 m is represented by pure anhydrites with g,4 = 2.95 g/cm3.
Beneath the anhydrite beds at a depth of 2 400 m on the section are
limestones with densities of 2.70-2.78 g/cm The description of the
density section of the inner margin of the western slope of the depres-
sion is given with the examples of well 278-A and 276-N-N. Gravita-
tional logging on the section to a depth of 2,100 m was done at well
278-Aleksandrovskaya, located in the interdome zone. Three runs were
made by the looping increment technique. The precision of measurement
was € = 30,11 milligals, which makes it possible to determine Oad

with a precision of *+0.01 g/cm3 at intervals of 100 m. The density
graph along the section represented by terrigenous beds reflects a
change in 0,4 in the range 1.63-2,43 g/em3. The upper part of the sec-
tion until a depth of 600 m is represented by interlayering sand and
clay with a characteristic o g = 1.95 g/cm . In this interval, more-
over, account must be taken of the lateral gravitational effect of the
salt domes, which may cause underestimation of the g,q of the rocks of
the section under study. In the interval 600-1,300 m the density of
the rocks increases from 1.8 to 2.2 g/cm3. Lower on the section den-
sity changes unevenly. In the intervals 1,500-1,600 m and 1, 800-

1,900 m, regresented by dense sandstones, it reaches its maximum values
(2 43 g/em®)

The description of the density section of the inner margin of the south-
eastern slope of the depression is reviewed using the example of well
276 at the Novo-Nikol'skaya site (see Figures 1 and 2). This well is

in the interdome zone, close to the lateral scarp. The geological sec-
tion along the shaft of the well was compiled from material provided

by the Nizhnevolzhskneft' Association. Gravitational logging was done
to a depth of 1,850 m. With a precision of measurement of the force of
gravity of € = +O 25 milligals, the precision of determination of rock
density is $0.03 g/cm3, Thirteen runs were made using the techniques

of complete repetition and looping increments.

Along the shaft of the well density was determined at intervals (each
100 m) and taking account of lithological complexes. The density

graph showed a general change in density from 1.87 to 2.50 g/cm . The
upper part of the section, represented to 420 m by interlayers of clay
and sandstones, has a g,4 = 1.97- 2 05 g/m3. 1In the interval 420-650 m
the apparent density is 1.87 g/cm3, The interval 650-720 m is composed
of limestones and has 0,4 = 2.24 g/m3, while at depths of 720-860 m

the section 1s represented by sandstones with density of 2.12 g/cm .
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- Lower on the section are limestones (Kp) with higher density (up to
2,45 g/cm3), then again lower the gaq again decreases to 2,38 g/em3,

Overall the section is represented by sand and clay beds whose density
increases at depth. Well 276-N-N is located in the zone of salt dome
tectonics, so additional calculations were made and the effect of the
salt domes on change in the force of gravity in the well, which influ-

ences the determination of rock density, was estimated.

Studies showed that the gravitational effect created by the salt domes
exercises a significant influence on the density of rocks of the sec-
tion. This effect must be taken into account in drawing the density
= graph. For example, on the corrected density graph the sandstone

stratum at a depth of 1,300-1,400 m in well 276-N-N has the same Oyq
(2.50 g/cmd) as higher on the section. Without taking account of the
effect of the nearby salt dome the rock density in this interval was
estimated at 2.27 g/emd.

Study of the density sections of the wells showed that anhydrites and
carbonate rocks have fairly high density and the magnesium salts have
‘comparatively low density. At the same time the apparent density of
sedimentary rocks both among different petrographic groups and within
each of them changes in a broad range by area and at depth. Thie is

a result of the aggregate of geological factors affecting sedimentary
rocks during their entire period of existence. Sedimentary rocks in
the uplifted parts of the lateral scarp and on its outer margin differ
significantly by density from rocks in the dropped part and within the
lateral margin with well-developed salt dome tectonics characterized
by very thick beds above the salt.

In drawing the density graphs by area, therefore, the effect of the
salt domes on the readings of well gravimeters must be taken into ac-
count and corrections made for the non-horizontal bedding of the lay-
ers under study and the effect of other factors.

The table below was compiled on the basis of data from gravitational
logging. It shows the densities of sedimentary rocks in the above-
 galt stratum and rocks within the limits of the entire western lateral

zone of the Casplan Depression depending on their geological age.

It can be seen from the table that the density of sedimentary rocks
within the lateral zone is indirectly related to their geological age
through the depth of occurrence of the rocks.

The density of rocks of the same age varies greatly: the deviation

reaches 0.3 g/cma. The density of the above-salt beds ranges from

1.99 to 2.28 g/cm3, even though a constant density of 2.3 g/cm3 for

the intermediate layer is generally accepted in interpretation of

- materials from high-precision surface gravimetric exploration. Faillure
to take account of density deviations from this constant value causes
significant distortions in the results of geological interpretation of
gravimetric data.
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Rock Density (g/cm?) in Wells

of Rocks 6-M 3-N 278-A 276~NN
P-Q ... .. 2,10 2.03 1.87 1.98
Kicg v v v v 2,10 2,13 1.79 2,19
2.18 2.32 2.10 2.39
T v v v e e 2.25 2.38 2,40 -
Pov v v v o 2.47 2,51 - -~
Lo o v oo s 2,07 2,28 - -
Above-Salt 2.19
Beds 2.28 2,22 1.99
FOOTNOTES

1. Kononkov, V. F., Volzina, A. I., and Kozak, 0. K., "Results of the Use
of High-Precision Gravimetric Exploration to Find Reefogenic Masses in
the Volgograd Regicn" NEFTEGAZOVAYA GEOLOGIYA I GEOFIZIKA No 5, Moscow,
VNIIOENG, 1975.

2. Pavlov, N. D., and Mushnikova, Z. F., 'New Findings on the Structure
and Petroleum-Gas Prospects of the Subsalt Deposits of the Southwestern
Caspian Regi.n" NEFTEGAZOVAYA GEOLOGIYA I GEOFIZIKA No 6, Moscow,
VNIIOENG, 1977.

3. Sergeyev, L. A., Ballakh, I. Ya., Kononkov, V. F. et al, "Poiski
Neftyanykh 1 Gazovykh Mestorozhdeniy s Pomoshch'yu Pryamykh
Geofizicheskikh Metodov" [Prospecting for Petroleum and Gas Deposits
Using Direct Geophysical Techniques], Moscow, Nauka, 1973.

. COPYRIGHT: Vsesoyuznyy nauchno-issledovatel'skily institute organizatsii,

upravleniya i ekonomiki neftegazovoy promyshlennosti (VNIIOENG) 1978
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SCIENTISTS AND SCIENTIFIC ORGANIZATIONS

MEETING OF DIRECTORS AND LEADING WORKERS OF GEOLOGICAL PROSPECTING ORGANIZA~
TIONS OF THE USSR MINISTRY OF GEOLOGY

Moscow SOVETSKAYA GEOLOGIYA in Russian No 3, 1979, pp 3-7
[Article: "Consolidation of What Has Been Achieved"]

[Text] The meeting of the aktiv of directors and leading workers of geologi-~
cal prospecting organizations of the USSR Ministry of Geology in participa-
tion with representatives of Party, Soviet and Trade Union agencies convened
12 January 1979 and discussed the speech of USSR Minister of Geology, Comrade
Ye.A. Koslovskiy "3ummary of the Work of Enterprises and Organizations of

the Ministry of Geology for 1978 and Problems in Ensuring Fulfillments of

the 1979 Plan for the Increase of Effectiveness and Quality of Geological
Prospecting Operations Resulting from Decrees of the November (1978) Plenum
of the CPSU Central Committee and Conclusions and Arrangements Discussed in
the Address of Secretary General of the CPSU Central Committee Chairman of
the Presidium of the USSR Supreme Soviet Comrade L.I. Brezhnev at This
Plenum."

It was emphasized, at this meeting, that the November (1978) Plenum of the
CPSU Central Committee is an important boundary mark in the struggle of the
Soviet people for the realization of the historical decrees of the 25th
CPSU Congress of the social and economic program of development of the coun—
try in the 10th Five-Year Plan. Comrade Brezhven's speech at this Plenum
included a profound analysis of results of development of the national
economy during the last 3 years of the 10th Five-Year Plan and a delineation
of tasks and the development of a program of action directed toward the
successful fulfillment of the tasks of 1979 and of the Five-Year Plan as a
whole.

The 10th session of the USSR Supreme Soviet of the 9th convocation discugsed
and adopted laws concerning the State Plan of Economic and Social Develop-
ment of the USSR and the USSR State Budget for 1979.

Geological prospectors, like all Soviet people, received the decrees of the
November {1978) Plenum of the CPSU Central Committee and the session of the
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USSR Supreme Soviet with great enthusiasm, Workers of geological organizo-
tions are responding to the concern of the Communist Party and Soviet govern-
ment concerning further ecomomic and cultural well-being with unselfish la-
bor, are displaying initiative and are activating existing reserves of pro-
duction in order to fulfill and overfulfill the plan tasks and the socialist
obligations assumed. ‘

As a result of intensive labor and political activity and the extensive de-
velopment of socialist competition for a worthy welcome of the lst anniversary

- of the USSR Constitution and the 6ist anniversary of the October Revolutiom,
geological organizations have ensured fulfillment of the basic tasks of the
State Plan for 1978 and of the socialist obligations assumed.

The annual plan of increment and consolidation of supplies are being ful-
filled for all forms of minerals.  The 3-year plan of increase of supplies
for 20 minerals is being fulfilled for the 1lst anniversary of the USSR Con-
stitution. According to pwoduction totals for 1976-1978, fulfillment of
the Five-Year Plan of consolidation of the GKZ [State Commission of Mineral
Supplies] USSR of supplies of 9 minerals are being fulfilled.

The economic effectivencss and quality of geological prospecting operatioms
increased. In 1978 more than 65 percent of the geological reports approved
in the GKZ USSR received good or outstanding evaluations.

Successful operations are underway for discovery of raw material--mineral
resources for existiang and planned territorial industrial complexes. The
prospects of oil and gas bearing in western Siberia are improving; a new
raw material base for oil extraction is being prepared on Buzach Peninsula
in the Kazakh SSR and a new gas-bearing region in the lower Volga Region
has been discovered. The reserve of explored coal regions in basic coal
basins of the country are being increased significantly.

i The raw material base of ferrous metallurgy, non-ferrous metallurgy and of

’ the chemical industry is being improved. Major deposits of underground
waters are being explored in order to ensure the water supply of many towns,
industrial regions and agricultural areas.

Attaching great importance to the preparation of new mineral--raw material
bases in the area of the BAM [Baykal-Amur Mainline], geological prospecting
- operations conducted in this region were increased 2.3-fold during the 3
years of the Five Year Plan. During the current five-year plan, prospect-
- ing of major deposits in the BAM zone [the Udokan copper deposit, the
Kholodnin zinc and lead deposit. and others) will be completed.

Scientific research and design organizations are conducting important work
in forecasting the presence of mineral deposits and in the development of
new high-productivity geological prospecting techniques and progressive
technology of operatioms. i
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As a result of comprehensive socialist competition and the intvoduction of
scientific and technical achievements, many geological organizations have
achieved high technfcal and economic indicators of performance. In 1978,

120 deep test driliing brigades, 1218 column drilling brigades and 78 tunnel-
ing brigades worked at the limits established for the 10th Five-Year Plan.
Drilling and tunneling brigades (88) have fulfilled 4=-year plans and 8 bri-
gades have fulfilled 5-year plans.

Excellent results in fulfillment of the socialist ohligations assumed were
achieved by deep prospecting drilling brigade hezded by USSR State Prize
laureate M.D. Avramitz from the "Khar'kovneftegazvedka" trust; by Hero of
Socialist Labor N,D. Glebov from Glavtyumen'geologii and Hero of Socialist
Labor A.A. Zhukov from the Orenburg Territorial Geological Administration;
by V.S. Solov'yev, A.A. Khalin and V.A. Makar from Glavtyumen'geologii;
column drilling brigades, directed by USSR State Prize laureate A.E, Nitsak
from the Irkutsk Territorial Geologicul Administration and $SR State Prize
Kazakh laureate 1.S. Dontzov from the north Kazakhstan Territorial Geologi-
cal Administration; tunnelirg brigades headed by brigede leader G.S.
Akkmetzhanov from the Administration of Geology of the SSR Kirghiz and by
USSR State Prize laureate A.A. Polyakov from Glavgeologorazvedki and many
others.

There are still serious deficiencies in the work of geological organization:.

Thue, according to results for 3 years of the 10th Five-Year Plan, the plan
for increasing petroleum supplies is unfulfilled and, in addition to this,
the lag in growth of petroleum supplies which occurred in 1976-1977 in re-
gions of Siberia, the Timano-Pechorsk oil and gas bearing province and
Orenburgskaya Oblast (and also in regard to gas) in the Yakut ASSR still has
not been made up. Search operations for oil and gas in eastern Siberia are
proceeding slowly. One of the causes of the low efficiency of oil and gas
operations is, in some cases, the low quality preparation by geophysical
methods of sf{ructures for deep drilling.

The set volume of deep prospecting drilling for 1978 was not fulfilled by
Ukhtin (85 percent of the plan) and Orenburg (88.1 percent) territorial
geological administrations, the "Krasroyarskneftegazrazvedka" (53.3 percent),
"Yakutneftegazvedka" (83.1 pzicent) trusts, Mingeo RSFSR as a whole (90.2
percent) and some other organizations. The non-fulf{llment of deep pros-
pecting drilling volume restrains timely preparation of oil and gas supplies
in major oil and gas bearing regions of the country.

Search operations for coking coals (of which there is a shortage) are pro-
ceeding slowly in Pechorsk Basin and Kuznetz Basin. Fulfillment of the
Five-Year Plan for increasing tin reserves and phosphate raw material
created stressful conditions.

From the beginning of the Five-Year Plan, the task concerning the increase

of labor productivity at geological prospecting operations has been, on
the whole, underfulfilled by the USSR Ministry of Geology.
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The capital construction plan for 1978 was only 86.9 percent fulfilled and
the plan for putting into operation residential area for the same year was
fulfilled by only 85.9 percent.

Some geological organizations are not taking adequate measures for the care-
ful and rational expenditure of material resources, allocated for conducting
geological prospecting operations. Losses from lost time, accidents and
discards are great. There are instances of a wasteful attitude toward the
consumption of energy and fuel resources.

There 48 a high instability in some organizations due to shortcomings in
the provision of work conditions and housing and domestic services required.
Lax labor discipline results in occupational injuries. There are deficien-
cies in the selection and distribution of personnecl and in the organization
of educational work.

The level of organization of socialist competition does not comply fully
with the requiremeants of the November (1978) Plenum of the CPSU Central
Committee. The work of progressive collectives is inadequately studied
and disseminated. Plan assignments for deep prospecting drilling are not
fulfilled by 35.7 percent of the working brigade, for column drilling by
28.9 percent and for tunneling operations by 26.5 percent.

The meeting of activists of directors and progressive production workers of
geological organizations of USSR Ministry of Geology with participation of
repregsentatives of Party, Soviet and Trade Union agencies remolved:

). To approve completely the entirety of the November (1978) Plenum
of the CPSU Central Committee, the conclusions and aims proposed in the
address of Secretary General of the CPSU Central Committee, Chairman of the
USSR Supreme Soviet Comrade L.I. Brezhnev at this Plenum, and to base the
J activity of all geological organizations of the Ministry of Geology on them.

2. The assembly of active workers assumes that the most important tasks
of republican ministries and administrations of geology, of organizations
of union subordination and of the central apparatus of the Ministry are:

concentration of efforts of geological organizations on the solution of
complicated scientific and technical and production problems of the
sector for further increase of mineral--raw material reserves, primarily
in regions of operating mining enterprises and in newly mastered regions
of the country, for fulfillment and overfulfillment of the plan task and
socialist obligations of 1979 and the 10th Five-Year Plan for the in-
crease of proven supplies of minerals and the consolidations of them in
the GKZ USSR;

further intensification of the struggle for the increase of effective-
ness and quality of search and prospecting operations due to improve-
- ment of scientific prediction, evaluation and methods of prospecting
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deposits of useful minerals, improvement of preparation of structures

for deep prospecting drilling, introduction of progressive geophysical
and geochemical methods during search and prospecting for mineral raw

material;

Increase of labor preductivity at geological operations on the basis of
wide disgemination of progressive experience, more complete utilization
of the achievements of science and acceleration of scientific and tech-
nical progress;

rcalization in 1979 of measures for making up the 1976~1977 deficit in
growths of supplies of minerals, primarily the deficit in petroleum for
Tyumenskaya Oblast and Orenburgskaya Oblast and the northern European
part of the USSR and the deficits in fulfillment of the Five-Year tasks
for tin in Magadanskaya Oblast and for phosphate raw meteriel in the
Yakut ASSR;

unconditional fulfillment of tasks of the 1979 plan and the socialist
obligations undertaken for the growth and consolidation in GKZ USSR of
supplies of mineral raw material for production of fertilizers, under-
ground waters for irrigation and land reclamation, which are highly im=
portant for further development of agriculture;

fulfillment of plans of capital construction, reequipping of production
areas at the sites of geological operations, plans of renovation and
expansion of plants and enterprises, construction of industrial-labora-
tory bases of scientific research organizations; reduction of volumes
of uncompleted constructions; improvement of organization of construc-
tions realized by economic procedures;

ensurance of fulfillment of the 1979 plan and the socialist obligatioms
for expansion of output of consumer goods and the improvement of the
assortment and quality of them;

improvement of economy measures, reduction of non-production expenditure
and loss including those due to down times, accidents and rejects; im-
provement of the use of fixed capital, careful, rational expenditure of
material and technical supply, allocated for geological prospecting
operations;

strict observance of plan, production and labor discipline, intensifi-
cation of the mobilizing and organizing role of the plan and the furth-
est possible improvement of the system of planning and economic incent-

ive of the structure of aduinistration and methods of economic operation
in the sector;

improvement of the forms of organizational operation, manifestation of
a maximum specificity, efficiency and practicality in operation; con-
sidering it to be necessary: constantly to concentrate attention on
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problems of economic and scientific-technical development of geological
organizations, to ensure effective control over utilization of decisions
made to increase the peramocnal responsibility of management personnel for
fulfillment of plans, for improvement of the cunditions of work and life
of geological prospectors.

3. To approve the initiative of the collective of the Irkutsk territor-
ial geological administration and of collectives of leading tunneling and
derrick-installing brigades, who have accepted the increased socialist obli-
gations for 1979; to expand socialist competition in the sector significantly,
and direct it toward the pre-term fulfillment of the annual and Five-Year
plans, for search for the raalization of production reserves, bringing up
lagging tasks to the level of those in the lead for the purpose of achieving
excellent final results.

4. To approve "Basic Measures of the Ministry of Geology of the USSR

for Fulfillment and Overfulfillment of the 1979 plan and the 10th Five-Year

- Plan, for the Increase of Effectiveness and Quality of Geologiral Prospect-
ing Operations, Flowing from the Decrees of the November (1978) Plenum of
the CPSU Central Committee, of the Conclusions and Aims, Stated in the
Address to the Plenum of Se:retary General of the CPSU Central Cimmittee,
Chairman of the Presidium of the USSR Supreme Soviet Comrade L.I. Brezhnev
to take into account observiations and additions expressed by participants
of the actives,

5. To recommend completion of work for the adoption of socialist obli-
gations and counter plans by all geological organizations in January 1979
and to complete organizational work for their fulfillment.

- The meeting of active members of directors and progressive workers of geo-
logical organizations with participation of representatives of Pariy, Soviet
and Trade Union agencies assured the CPSU Central Commiitee and Comrade
L.1. Brezhnev personally that, guided by the decrees of the November (1978)
Plenum of the CPSU Central Committee, geological prospectors are doing every-
thing necessary for fulfillment of the historical decrees of the 25th CPSU
Congress for further expaniion and strengthening of the mineral raw-material
base of our ccuntry.

COPYRIGHT: 1Izdatel'stvo "Nedra," "Sovetskaya geologiya," 1979
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PUBLICATIONS

SUCCESSIVE LINEARIZATION METHOD IN PROBLEMS OF OPTIMIZATION OF FAST-NEUTRON
REACTORS

Moscow METOD POSLEDOVATEL'NOY LINEARIZATSII V ZADACHAKH OPTIMIZATSII REAKTOROV
NA BYSTRYKH NEYTRONAKH in Russian 1978 signed to press 9 Dec 1977 pp 1-4, 88

(Annotation, table of contents and introduction from the book by V. V. Khromov,
A, M. Kuz'min and V. V. Orlov; Atomizdat, 1650 copies, 88 pages|

- [Text] A solution of the complete optimization problem of fast-neutron power
reactors 1s considered based on the method of ruccessive linearization. A

J statement of the problem is given as well as a brief chkaracterization of the

optimization methods applicable in reactor design, mathematical models for

the description of neutron-physical and heat-engineering characteristics of

a nuclear reactor are discussed; the method of successive linearization using

formulas of the theory of small perturbations and the algorithms of linear

programming is discussed; a designed optimization complex for programs and

problem solution is described with various criteria of optimality.

The book is intended for a wide :ircle of readers engaged in the development

of methods and computation programs and in the optimization of nuclear reactors,
as well as graduate and upper-division students specializing in the field of
atomic energy.

Fig. 13, tab. 8, Bibliography 72 titles.
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Chapter 2. A computation complex for the optimization of fast nuclear

reactors (ROKBAR) 23
2.1. General characteristics of the ROKBAR complex' 23
2.2, Computational model of a reactor and heat diagram of an

atomic power plant 24
2.3, Control parameters and limitations 26
2.4. Neutron-physical calculation 27

2.5. Computation of volume fractions and nuclear concentrations 30

2.6, Heat, physical and strength calculations 33
2.7. Computation of optimization of functionals 38
2.8. Basic block diagram of the ROKBAR complex 40
Chapter 3. Examples of application of the ROKBAR complex in
4 optimization investigations of fast reactors 43
3.1. Optimization of physical characteristics 43
3.2. Optimal characteristics of a high-power fast reactor 57

3.3. Indices of sensitivity of optimized quantities to tech-
nological parameters in problems with limitations 67

Appendix 1. Synthesis of multigroup neutron distributions in a two-
dimensional nuclear reactor 72

Appendix 2. Formulas of the small perturbation theory in the diffu-
sion group approximation 78

Bibliography 84
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Introduction

In the next decades nuclear engineering will become one of the principal pro-.
ducers of electric energy (and possibly of heat, too) in most industrially
developed countries of the world. Predictions indicate that in 1980 the
output of the atomic power plants (AES) of the world will approach 200 mil-
l1ion kW of electric power, and by the year 2000 it will reach a level of
1.5-3 billion kW. Nuclear engineering will allow the solving of energy prob-
lems of areas and countries poor in conventional fuel; it will lower environ-
mental pollution from combustion products of organic fuel and conserve the
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reserves of valuable fossils, such as oil, gas and coal, for chemical synthe-
sis [1].

However, nuclear engineering, called to solve the problem of fuel resources,
itself faces a problem no less complex. Indeed, although the uranium re-
serves of the earth are huge, only an insignificant part of them is found in
relatively rich depcsits (5-7 million tons at the cost 10$/kg). Thermal
reactors on which present-day nuclear engineering is based consume in their
life-time (&30 yoars) 3-5 thousand totis of natural uranium for 1 million kW
of electric power. A comparison of these figures shows that the known re-
serves of cheap urarniium would suffice for nuclear engineering only on such

a scale as will be reached in the next decades, And transition to poorer
ores would result it a considerable increase in the cost of electric energy
produced by the AES, The situation will not change qualitatively even should
geological prospecting detect nuclear fuel resources which are several times
larger.

Among the many ways of solving (even partially) the fuel problem of nuclear
engineering (improvement of thermal-neutron reactors, prospecting for new
uranium deposits and development of cheap methods of extracting uranium from
poorer ores, varioust methods of processing nuclear raw material (238y, 232Th)
into nuclear fuel with the help of accelerators, nuclear blasts or thermonu-
clear installations) the fast-neutron breeder reactors represent the princi-
pal, best prepared ncientific and technological trend. The introduction of
fast reactors into nuclear engineering makes its resources practically inex-
haustible. 1In principle, this problem may be sclved in another way, based on
thermonuclear synthisis. However, thermonuclear engineering is still in the
emergence stage.

Presently only the {iirst of the fast power reactors have begun operation
(BN-350 in the USSR, Phenix in France, PFR in England) and the power engin-
eers face the task of accumulating experience in industrial operation of such
reactors. The creal:ion of serially produced high-power fast reactors with
optimal indices is n matter of the near future, Attainment of the best in-
dices requires carefiul optimization, and the optimization task turns out to
be rather complicatid since most varied factors are closely linked with each
other.

In the optimization process one has to take into consideration, side by side
with the neutron-physical aspects, also materials strength, thermodynamics

and others; and sufiiiciently complete economic characteristics of fuel and
equipment must be uned as criteria. Solutions of such complex problems--which
could provide not only qualitative, but also quantitative answers to practical
questions arising in designing--are attainable only due to Zhe use of elec-
tronic computers. ‘fhe present book describes an approximate computation

model and expounds one of the methods of optimization of fast reactors, which
has been developed precisely for the automated search for optimal constructions
and parameters of fust reactors.
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The reader should keep in mind that fast reactors and the mathematical methods
of their optimization are in the initial stage of development. The neutron=-
physical data used in the calculations, and to an even greater extent, the
heat-engineering and strength properties of materials and the cost indices
entering into economic criteria exhibit a high degree of uncertainty. There=-
fore in the future the optimization problem should be formulated as a mini-
mum (or maximum) problem under conditions of uncertainty of the initial data.

Also the computation models require improvement; they should ensure that
essential factors are taken into account accurately enough, and at the same
time they should not be overloaded with unimportant details. Finally, the
extremum-finding procedures are themselves in need of improvement and optimiza-
tion.

COPYRIGHT: Atomizdat, 1978
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PUBLICATIONS

ORBITS OF COMMUNICATIONS SATELLITES

Moscow ORBITY SPUTNIKOV SVYAZI in Russian 1978 signed to press 25 Aug 78
pp 2, 239-240

[Annotation and table of contents from book by G. M. Chernyavskiy and V. A.
_ Bartenev, Izdatel'stvo "Svyaz'", 2800 copies, 240 pages]

[Text] This book is devoted to certain aspects of designing satellite
communications. In the book an analysis is made of the orbit of a satellite
and the influence of its parameters on the characteristics of communications
~ satellites. High-elliptic orbits of the "Molniya" type and a stationary
orbit are observed in detail. Questions are submitted concerning guarantee-
ing the function of several satellites combined in a system, Ways of ensur-
ing continuous, stable communication with an assigned service territory
using satellites are shown. Methods are cited for estimating the coverage
zone of a communications satellite and for deriving coordinates to guide
the antennae of ground stations.

The book is intended for scientific workers in the field of space technology
and radio communications.
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SIMULATION OF COMMUNICATTION SYSTEM CHANNELS

Moscow MODELIROVANIYE KANALOV SISTEM SVYAZI in Russian 1979 signed to press
17 Nov 78 pp 2, 94

[Annotation and table of contents from book by A.P. Galkin, et al.,
Izdatel'stvo "Svyaz'", 5400 copies, 96 pages]

[Text] The possible usc of methods of simulating communication channels
when developing and constructing communications systems is shown., The
possible ways of constructing imitators of communication channels are
studied, and the methods devised from them are examined. Certain questions
on the use of imitators when developing and constructing communication
systems are submitted. The structural plans of the most expedient imitators
of communication systems and examples of their use to increase the effective-
ness of the development and testing of communication systems are cited.

This book is intended for engineering and technical workers involved with
the development of communication systems and can be useful to scientific
workers and students in the upper classes in the corresponding fields.
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Appendix 4. General evaluations of the similarity level when simulat-
ing communication system channels ....ceesssasrsenccocsascacecscscsnnnes
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PUBLLICATIONS

UDC 681.372
COMIUTER PROGRAMS FOR RADIOELECTRONIC GEAR DEVELOPMENT » )

Moscow MASHINNAYA OPTIMIZATSIYA ELEKTRONNYKH UZLOV REA (Machine Optimization
of Radioclectronic Gear Electronic Assemblies) in Russian 1978 signed to press
26 Jun 78 pp 2, 192

[Annotation and table of contents from book by Anatoliy Georgiyevich Larin,
Umitriy Ivanovich Tomashevskiy, Yuriy Mikhaylovich Shumkov, and Valeriy
Mikhaylovich Eydel'nant, "Sovetskoye radio", 10,700 copes, 192 pages, with
illustrations]

[Text] The book is devoted to questions of elaborating and implementing -
a problem-oriented complex of programs for the analysis and optimization of
radioelectronic circuits for moderate-output electronic computers. It provides

a description of a complex of programs developed and designed to process radio-
electronic circuits of moderate complexity.

The book is intended for engineering and technical workers involved in the
elaboration of electronic devices for automation, radioelectronics, and measure-
ment equipment. It will also be useful for VUZ students.

Contents Page

Foreword-n-.u.-.--.--.-.-.---.......-.-.-................o.n.......-n 3
Chapter 1. The Process of Design and Development and Computer Capability 6
1.1, Analysis of the design and development ProcCess ssiesesvssersasses 7
1.2, Methodology of circuitry design and development based on use
of electronic computers for analySiS ecuvseessocroncsonsssesese 12
1,3. Methodology of circuitry design and development based upon use
of electronic computers for SYNtheSiS svveeeesosessssonescessss 16
1.4, Methodology of circuitry design and development based upon use
of electronic computers for optimization seveeeesessssosssnsess 19

Chapter 2. Formation and Analysis of the Circuit Model e.eeeevecseoevees 27

2.1. Requirements of the mathematical model «.veevesvecsonossnnsonsnee 27
2,2, Algorithms for obtaining circuit functions evevveseveesonerseeses 41
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Contents ' Page

2.3, Analysis of the electronic circuit mathematical model «vevevssees 60
2-4‘ Tolerance analysis and Synthesis R 92
2.5. Comparison of the algorithms of the mathematical model formation

on the level of the PrOBraM TUNS sesiesssorasssssrsesssssssrass 101

Chapter 3. The Program Run of the Unit Being Analyzed «.eevivessnessrass 109
3.1, The mathematical model formation program on the level of the

PrOgral TUNS sessssssssssssassssstsstsssssststssssssscnsionreny 111

3.2, Computation programs for circuit specifications seeeeevseasaivans 117

Chapter 4. Parametric and Tolerance SynthesisS .iieesssevessrasicerensens 124
4.1. Special features of the electronic circuit optimization problem . 125
4.2, Registration of limitationSeressseesesvsrssssersnssassosensssceses 130
4.3, . Formation of the quality fUNCLion eveseseesssosnnsrossssnsesarens 136
4.4, Selection of the minimization method secesessvennrvsonannssoasees 142
4.5, Principles for construction of the optimization program seeeesees 150
4.6, Special features in optimization of time specifications «¢.eeesees 162

Chapter 5. Development of the Methodology rfor Automated Circuit Design
and Developmedt +sesessssosssencarassnssnssssssstsssssornsesessossseseas 165
5.1, Tendencies in methocology developnent «eeseesssessssssssasssssses 165
5.2, Running the electrcnic circuit SAPR [automated design system]
on a YeS EVM [unified system of electronic computers] «iesesees 176

Bibliography R R N N N N R R R I A R N R R R NN A N A N IR NN ) 183
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PUBLICATLONS

SELF~TUNING MEASURING AMPLIFIERS WITH TEST SIONALS

Moscow SAMONASTRAIVAYUSHCHIYESYA IZMERITEL'NYYE USILITELT S PROBNYM
SIGNALOM in Russian 1978 signed to press 10 April 78 pp 2, 97

[Annotation and table of contents from book by 1.P. Grinberg and S.A.
Taranov, lzdatel'stvo "Energliya', 7000 copies, 97 pages]

: {Text] A new class of amplifiers proposed by the authors, self-tuning
measuring amplifiers with test signals (SIUP), is cxamined, their construc-
tion principles are observed, and amplifiers are analyzed with various
methods of signal discrimination.

It 1s shown that self-tuning measuring amplifiers are nonlinear, unstation~
ary and non-independent automatic regulation systems. The transient proc-
esses in the amplifiers are studied using the method of finite intervals
proposed by the authors, and stability is observed using the methed of
harmonic balance. The estimition relationships needed to determine the
errors in self-tuning measuring amplifiers are derived.

This book is intended for scientific workers and engineers studying and
devising amplifying devizes, and also for graduate students and students
in the upper grades of institutions of higher education specializing in
e¢lectronic and radio technology.

Table of Contents
L] L o 1

1. Classification and Analysis of Broad-Band Measuring Amplifiers..... 5
1.1. Classification of broad-band measuring ampliffers .......eeeee 5
1.2. Construction methods of increasing the precision of broad-

band measuring amplifiers with parametric stabilization ...... 8

3. Calibrated broad-band measuring amplifiers.....eeeeeseeesseeee 13

4. Broad-band measuring amplifiers with added corrections ...... 14

5. Self-tuning broad-band measuring amplifers .....eeveeeveeeess 18

6. Comparative analysis of methods of increasing the precision

of broad-band measuring amplifiers .......eeeeveeeenseescencee 26
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Studying the Functional State of the Units of a Self~Tuning
Measuring Amplificer With Test S1gnals vviuvsssvrsrinsessnnensssanes

2'1'
2.2,
2.3,
2;1‘0

Mathods of analyzing the instability of transistor amplifiers,
Input and matching devices «iieiussissnssnissansinssrscessnnns
cﬂﬂ:rollable eléments 292090000 B 00O PS IO DINOEIIIIENNTS
Protecting square=wave detectors from overloads ..vvsveveveses

Constructing Self=Tuning Measuring Amplifiers With Test Signals
and Analyzing Thelr Dynamics .uvevserensenctrsasirsnissiscnsscsnnsse

3.1
302!

3.3'
3.4,

Methods of constructing self-tuning measuring amplifiers with
test signals S8 00 0080000000000 AENLINENAIONIIDNOGEOIIENILILOEBREEDLNDS
Analyzing the dynamics of self-tuning measuring amplifiers

with test signals using periodic signal comparison .....eevsee
Studying transient Processes ...secsesssscsssscostreresseassos
Studying the stability of salf-tuning measuring amplifiers

”ith test signals B4 4 0000000000 00000000000000000 0000000000000

Analyzing Errors in Self-Tuning Measuring Amplifiers With Test
Signals

4.1,
4.2,

4.3,

4.4,

4.5.

4.6,

Evaluating the precision of self-tuning measuring amplifiers..
Errors in self-tuning measuring amplifiers with test signals
caused by the instability of the functional units ...eevevenss
The influence of phase distortions in operational transistor
on the precision of the measuring ampliffer ..ccieevesesennsss
The influence of the instability of the stable time of the
operational transistor on the precision of the measuring
amplif‘et G S 00 0000000000000 00000 PEBRLNINILIBIOIERININBNOENOIEOCERINOIEOROOEOEDNDOIOE
The influence of the frequency instability of the test signal
and noise in the operational transistor on the precision of
the measuring amplifier ....viveverecessecssvctacronssnssonses
Certain questions on checking precision amplifiers ........es0
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PUBLICATIONS

upc 621.3.019

ANALYSIS OF THE RELIABILITY OF ELECTRONIC MEASURING EQUIPMENT IN ITS DESIGN-
ING

Moscow ANALIZ NADEZHNOSTI ELEKTRONNOY IZMERITEL'NOY APPARATURY PRI YEYO
PROYEKTIROVANII (Analysis of the Reliability of Electronic Measuring Equip-
ment in Its Designing) in Russian 1978 signed to press 20 Jan 78 p 2, 111

[Annotation and table of contents from book by Aleksandr Davydovich Krop,
%dtted by V N. Sretenskiy, Tzdatel'stvo "Sovetakoye radio'", 8200 copies,

12 pages]
[Text] This book treats the main problems of the reliability of electronic
measuring equipment (EIA) during various stages of its designing. It ex-
amines the special characteristics of the designing of this type of equipment,
It gives engineering methods of the evaluation of reliability and defines the
role of the subdivision of reliability in the process of EIA designing.

The book will be of interest for engineers and technicians connected with
the problems of reliability and designing of electronic measuring devices.

Figures == 22, tables -- 23, bibliography =-- 35 titles.

Contents
Page

Editor's Foreword 3
Introduction 4
1. General Characteristicsand Stages of EIA Creation 12

1.1, Applications and Basic Requirements 12

1.2. Classification Criteria 14

1.3. Perfodic Checking 32

1.4, Design Characteristics 35

1.5. Technological Effectiveness, Standardization, and

Special Characteristics of Production 39

1.6. Tests 45

1.7. Design Tendencies 49
2. Normalization and Evaluation of EIA Reliability During Early

Stages of Designing 52

122
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100050022-1



APPROVED FOR RELEASE: 2007/02/09: CIA-RDP82-00850R000100050022-1

FOR OFFICIAL USE ONLY

2.1. Types of EIA Fallures
2.2, Reliabllity Indexns
2.9, Sources of Informatlon Regarding EIA Reliability
2.4, Connectlon of Technical Parameters with Reliability
3, 1Insurance of Reliability During Designing
3.1, 1Initial Decign
3.2, Engineering Design
- 3,3, Stage of Experimental Specimens

4, Subdivisions of Reliability and Specialization in the Area
of Reliability
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PUBLICATIONS

Upc 621.311,1:681,3+621.398+621.316.925
SIMULATION AND AUTOMATION OF ELECTRIC POWER SYSTEMS

Kiev MODELIROVANIYE I AVTOMATIZATSIYA ELEKTROENERGETICHESKIKH SISTEM (Simu-
lation and Automation of Electric Power Systems) in Russian 1978 signed to
press 9 Jan 78 p 2, 151-152

[Annotation and table of contents from a collection edited by L. V. Tsukernik
(chief editor) et al, Izdatel'stvo "Naukora dumka," 1550 copies, 160 pages]

[Text] This collection treats the problems of the development of methods,
algorithms, and programs of computations on electronic computers for the
analysis of stationery and transitional modes of electric power systems,
computation of short-circuit currents and equivalent parameters, as well as
complex simulation in solving these problems. It describes the results of
studies and development of systeus of automatic control, regulation, and de~
vices of circular remote control. A number of articles deals with the de-
termination of quality indexes of measuring converters of current and volte
age, and the development of devices for automatic tuning of the compensation
of the capacitive currents of a network.

This collection is intended for scientists, engineers, and technicians en-
gaged in the problems of operation modes, relay protection, and automation

of power systems, as well as for specialists in the use of computers in elec~
tric power engineering.

Content
Page
Krylov, V. A. Mathematical Simulation of the Elements of an
Electric Network in Computing Short-Circuit Currents on
an Electronic Computer 3

Korobchuk, K, V., and Sambur, S, B. A Program for Determining
Internal and Mutual Resistances of Generating Assemblies of
~ a Complex Power System on an Electronic Computer 20

Tsukernik, L. B., and Nedzel'skiy, I. S. Conditional-Equivalent
Circuits of Load Replacement in Centers of an Electric Net-
work of a Power System 27
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Tsukernik, L, V., and Nedzel'skiy, I, 5. Taking into Considerw
ation the Range of the Orders of the Coefficients of a
Characteristic Equation in Computing the Stability of a
Power System on an Electronic Computer 36

Avramenko, V., N.; Stogniy, V. S.; Yankina, A, A.; and Kodzha, M.I,
Realization of the Modular Principle in the Program for the
Analysis of the Electromechanical Transient Process of UDAR-2 41

Kachanova, N, A., and Kovshar, L. G. An Equivalence Complex for
Calculating Steady-State Conditions on an Electronic Computer
of the Third Generation 47

Chernenko, P. A. Construction of Calculated Basic Models on the
Basis of Measurements in a Power System 52

Baranov, G. L., and Vasilenko, V. A, A System of Informational
Descriptions for a Situational Simulation of Electric Power
Stations and Substations 58

Baranov, G. L.; Zharkin, B. F.; Slepysheva, T. M, An Experimental
Study of Twoslevel Calculations in Planning Electric Modes
of a Power System 68

Sukhenko, V. I. On the Determination of the Available Reactive
Power of Synchronous Generators 76

Shestopalov, V. N, Evaluation of Signal Stability in a System
of Emergency Circular Unloading of an Electric Power Network 82

Tsygankova, L. G., and Shestopalov, V. N, Phase Relations in the
System of Emergency Circular Unloading 87

Viktorov, P. G. Registration of Interference Affecting Receiving
Devices of Circular Remote Control Systems 95

Vol'skaya, S. Yu., and Koshman, V. I, A Remote Control and Remote
Signaling System Through 6-10 kv Lines 99

Stogniy, B. S., and Kirilenko, A, B, The Use of Amplitude=-Phase
Characteristics for the Determination of Fundamental Quality
Indexes of Electromagnetic Measuring Current Converters 106

Stogniy, B. S,; Chernenko, V. A.; Slyn'ko, V. M,; and Timonin, V.K,
Measuring Errors of Current Transformers in Transitional States 116

Libov, I. L,, and Novitskiy, V. V. A Measuring Converter of Alter-
nating Voltage Operating on Integrated Microcircuits 123
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Anureyev, Yu, P.; laranov, G, L.; Dosychev, V, V,; and Makarov, A.V,
On the Problem of Digital Structural Slmulation of Automatic
Control Systemt 127

Anureyev, Yu, P, (n the Problem of the Automation of the Design=-
ing of Electrie Power Objects 132

Kislenko, S, N, Optimal Operating Conditions of a Thyristor
Switch of Induitance Winding Taps 139

Novitskiy, V. V., and Libov, I. L. Pulsed Devices Operating on
Digital MOP fenpansion unknown] Integrated Circuits 144
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MIBLICATfONS

PRODUCTION OF SEMICONDUCTOR CASINGS

Moscow PROIZVODSTVO KORPUSOV POLUPROVODNIKOVYKH PRIBOROV (Production of
Transistor Bodies) in Russian 1978 signed to press 30 May 78 p 2, 183-184

[Annotation and table of contents from a book by Uleg Sergeyevich Moryakov,
"Vysshaya shkola", 8,000 copies, third edition, adapted and supplemented,
184 pages, with illustrations]

[Text] Described in the book are the engineering processes for manufacturing
varying types of semiconductor casings. Presented are casing designs and
material characteristics, basic methods for obtaining glass and ceramic
junctions with metal, hermetic sealing of crystals with electron-hole junc-
tions and plastic integral structures, metal and ceramic component seals
with solid solders, as well as methods of application of galvanized
surfaces and of casing output control.

The third edition has been supplemented with a description of the special
features of casing designs for powerful SVCh {microwav:] semiconductors,
as well as of new engineering processes for working with high-silica ceramic.

Contents ‘ Page

Introduction 2 00 800 5 0000080000000 0008080080000 0000000000000 sietsoscoscseyn 3
Chapter One. General Information on Semiconductors and Their Casings .. 5
1. Basic concepts concerning semiconductors and their casings seessee 5
2. Classification of semiconductor casings and their requirements ... 8

Chapter Two. Materials Used to Make Semiconductor Casings «.eoceveseees 12
3. Material inmt CONETOLl coscevvvevevnsssosssrencsnssossossscssnsonese 12
4, Metals and alloys 5600600000800 000 80808000 060000000800000000000000000 17
5. Heat-compensating Materials ssssesesesescesacoseossssosnssssoncses 23
6! Glass l.l.'...lll..ll.ll0.0"...'..'....l.l.l.'Il..."ll.....’l‘.l 28
7e CETraMmiC soeocceesorsosrasosssssssvosseorecscsssssscscsossassonsosssns 32

8. Plastics and compounds eeeeessssscssscssonssasssssnssssssasssssnss 34
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Contents
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11,
120
13,
14,

Caging For hermetic sealing ol diodes and stabillbrons seeseees
Uasi“u for hermotic Sealing of photo diodes seesins s nsanriese
Casing for hermetic sealing of transistors sseeisvesiresosines
Casing for hermetic sealing of powerful microwave instruments .
Casing for hermetic sealing of integrated circuits seseesessase
Methods and special features of casing hermetic sealing «vevese

Chapter Four. Manufacture of Metal Components for Semiconductor
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15,
16‘
17.
18.

19,
20,
21,
22,
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Preparatory operations for cold stamping cessienrrnersvronreses
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Manufacture of flanges, perforated tapes, and vessels by cold
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Manufacture of 1eadsS coseveseroorosrtseroreressenrssrsstsosenns
Manufacture of components made of solder sssiseevsvoeosevasnens
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Finishing of components after SCLAMPiNg ssesessssssecssnrnnnsnsns
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23,
24,
25,
26,
27,
28,
29.

30.

Manufacture of components made of 8lassS ssvssvsrescensnsnrrnnns
Pouring ceramic COMPONENtS ssvenrevorsesnsesttosrsoscrenesscnsne
Firing high-silica CELAMIC svnvvensosesnsssssssornsscstnsssnsans
Mechanical finishing of high-silica ceramic sseseecseverssreens
Manufacture of metalized PASLES csertesser it eisasiesirstsstnne
Application and baking of metalized articles sesesecssnoseascss
Film technology for manufacture of high-silica ceramic
COMPONENES sooesssnessesovtressosssssosssasssosstonsassssosssans
Use of a laser and production of semiconductor casings sssseees

Chapter Six. Manufacture of Metallic Glass, Metallic Ceramic,
Soldered, Welded, and Plastic Semiconductor Casing Designs sesesesss

31.

32,
33,
34,

35,
36.
37.
38.
39.

Basic information on obtaining glass and ceramic junctions

with metal S 006000 eI eIt eI E0 s et 000 0B BB RIRRS
Preparing components for SOldering seececescssscsssssnorssssnss
Methods for the manufacture of metallic glass junctionsS.vececes
Stresses in the junctions of glass and ceramic with metal.

Annealing JUNCLIONS eesevvseserenssosnsansnssosssossrssensernns
Basic information on soldering casing components seeveesssssses
Soldering metalized ceramic with Metals .eesevevssscenncssessas
Diffused welding of ceramic with metal tveveereovsnnooneransnns
Hermetic sealing of semiconductors with pPlastiC seceeeecsccsses
Equipment for obtaining metalized glass, metalized ceramic,

and metalized plastic desigNs seseesvrvseverrecsonvsnrcsnsons
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Chapter Seven. Galvanized Surfaces and Output Control of Semi-
conductor Casings seesvesvsocesnsanrsasnsons mossnsasssnserassnases 161
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41, Prepari.ng components to be surfaced ssssssseressnssssssensnes 163
42, Chemical nickel plating of Kovar articles sseseesssssanssssss 165
43, Electrolytic nickel plating of steel and copper articles ...+ 167
44, Galvanizing articles in cyanogen electrolytes seseesessssssss 169
45, Spot gilding of articles in a citrate electrolyte .vessssses 171
46. Nickel plating of metalized ceramic components sseeesevesssss 173
47! Casing outwt control [ N N N N N N NN NN NN NN 175
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UDC 621.3.049,77
NEW BOOK ON APPLICATION OF MICROCIRCUITS

Moscow MIKROSKHEMY I IKHl PRIMENENIYE (Microcircuits and Their Use) in
Russian 1978 signed to press 4 Dec 78 pp 2, 246-247

[Annotation and table of contents from book by Vladimir Aleksandrovich Batushev,
Viktor Nikolayevich Veniaminov, Venedikt Grigor'yevich Kovalev, Oleg Nikolayevich
Lebedev, and Andrey lvanovich Miroshnichenko, "Energiya,' 150,000 copies,

248 pages, with illustrations, Mass Radio Library, Publication 967]

[Text] Presented in the book is general information concerning integrated
microcircuits, the principles of building various radioelectronic devices
based upon them are examined, and possibilities of employing microcircuits
in amateur radio operations are demonstrated. Microcircuit classification
and the requisite reference data has been presented.

The book is intended for amateur radio operators experienced in the field of
semiconductor electronics.

Contents Page

FOTOWOTU o oot ooooosssnotoosetoessosesesrsoessocsiosessososssssossssstons 3
Chapter One. General Information on Integrated Microcircuits seeveves 5
1-1, The integrated microcircuit=--contemporary functional node of
tadioelectrbnic BCAL ssevesssrsecrsesovsesorvesscnssesvonsos 5
1-2. Arrangement of integrated microcircuitsesesesrscsssssosssessee 7
Semiconductor integrated microcircuits (7)
Film and hybrid integrated microcircuits (12)
1-3. Microcircuits of a higher level of integration esececevsssssss 15
1-4. Functional classification of integrated microcircuits sveeeees 17

Chapter Two. Analog Integrated Microcircuits ceseevsssssccecssssses 18
2-1, GQHEral Charac:eristics 9600000000000 000c00008 0000000 0000000008 18
2-2, Microcircuit series for radio communications and broadcasting

BCAT soeveesrovsersvresotersesrrsttrcterestossossvssssoscsnscs 25

Series 219 microcircuits for HF and VHF radio gear (25).
Series 235 microcircuits for HF and VHF radio gear (27).
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Series K=224 microcircuits for radio broadcasting gear (40).

Microcircuits for radio communications gear amplification
tracts (49).

Microcircuits for secondary feed sources (55).
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