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are transcribed or reprinted, with the original phrasing and
other characteristics retained.

Headlines, editorial reports, and material enclosed in brackets
[] are supplied by JPRS. Processing indicators such as [Text]
or [Excerpt] in the first line of each item, or following the
last line of a brief, indicate how the original information was
processed. Where no processing indicator is given, the infor-
mation was summarized or extracted.

= Unfamiliar names rendered phonetically or transliterated are

- enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the

_ original but have been supplied as appropriate in context.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items are as
given by source.

The contents of this publication in no way represent the poli-
cies, views or attitudes of the U.S. Government.
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ANTENNAS

UDC 621.396.676
METHOD FOR CALIBRATING LOAD RESIS“TORS OF TWO-DIMENSIONAL PERIODIC STRUCTURES
Kiev, IZVESTIYA VUZ SSSR-RADIOELEKTRONIKA in Russian No 3, 1980 pp 90-93

[Article by O. N. Tereshin, V. A. Konskiy, and V., I. Kornyukhin, submitted
26 Feb 1979]

[Text] At the present time, two-dimensional periodic loaded structures [1]
are beginning to be used widely in the synthesis of low Q-factor antennas
working in the leaky wave mode [2]. Such antennas continuously transform

the feed wave along the antenna into the radiated electromagnetic wave.

They can be constructed, for example, on the basis of a stripline one of whose
plates goes into a two-dimentional periodic loaded structure or on the basis
of a coaxial line whose external braiding also goes into a two-dimensional
periodic cylindrical loaded structure. The reactive load resistors of two-
dimensional periodic structures played a role of couplers between the radi-
ating slots and the feed wave. The main parameters of the antenna, such as
the constancy of the input resistance and the directional diagram in the
operating frequency band, depend considerably on the degree of couping be- =
tween the radiating elements and the feed wave., Therefore, the accuracy of

the realization of the calculated values of load resistors must be sufficient-

ly high,

Unfortunately, the existing measuring equipment makes it impossible to mea-
sure the reactive loads (capacitance and inductance realized, for example,
on the basis of segments of a two-wire line) in the microwave-band with a
high degree of accuracy.

This article describes a method for measuring reactive loads in the microwave -
band which makes it possible to achieve a sufficiently high degree of accu~ -
racy.

A plane homogeneous electromagnetic wave propagating along the axix z falls
onto a two-dimensional periodic loaded structure situated in the plane (x,y)
which is characterized by the periods T, Tj, and the value of the load resis-
tance Zy (Figure 1), It is assumed that there is no variations of the field
and load values along x. For this case, with the structure of TEM-waves in
half-spaces I (z> 0) and II (z &£ 0), there exist two components of the elec~
tromagnetic field([3]:

1
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Figure 1. Two-Dimensional Periodic Loaded Structure
Key: 1, Incident
2, Reflected
3, Transmitted

Figure 2. Stripline Used in Calibration: 1 -- two-dimensional
periodic structure; 2 -~ high-frequency connectcr;
- 3 -~ metal plates; &4 -- dielectric bushings

Figure 3. Two-Dimensional Periodic Structure with Capacitive
Loads Realized on the Basis of Open Segments of a
Two-Wire Line

With consideration of the above assumptions, the field of the incident elec~
tromagnetic wave can be written in the following form:

— Aelhz k
Hxnan = Age Az, EMIIA Ty Aoelkz.

where A, -- amplitude coefficient of the incident wave; k = 2 T /A == wave
number,

The plane homogeneous electromagnetic wave falling on the two~dimensional
periodic loaded structure partially reflects from the strurture and partially
passes through it. ’

Thus, the resulting electromagnetic field in the I half-space can be rritten
in the following form:
Y 2 . —
Hy=H x(nli +H xo('rp)= At + Ae "
\ , (0
v= g ( At — A2,

£,

Key: 1., Incident
2, Reflected
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where A] -- amplitude coefficient of the reflected waves; 61 -- dielectric
permeability of the medium in I half-space, and in II half-space:

(2)

Key: 1. Transmitted

where B -- amplitude coefficient of the transmitted wave; €9 -- dielectric
permeability of the medium in II half-space.

According to [1], on the surface of the location of a two-dimensional per-

iodic loaded structure the following boundary conditions must be fulfilled
for z = 0: - -
) LI
Hx2=Hxnp0m.=Balkz; Eu2=5573e ’
3)
E, =Ep
z2=0 z=0

72 =L Eyams . (4)
" T Hy—H,

2=0 2=0

With consideration of (1) and (2) the conditions (3) and (4) will, respec-
tively, assume the following form:

A1=An—:TlB, (5)
T B
Z ="Ws————|
) B T,, 2AO—B(1+2_:) . (6)

where Wy = k/ W€y =~ wave resistance of the medium of IT half-space.
Assuming that the loads are purely reactive -~ Zy =1Xy4 and 51 = Ez

and using (5) and (6), we obtain an expression for the reflection coefficient
- in the form of

r=- 1

= ER TR,

A 1+2ix;% )
where X)=Xg/W; We=kloe -~ wave resistance of the medium,

The modulus and the phase of the reflection coefficient can be determined
from (7) by the formulas:

3
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1 -
IT| = =g

Vi+ (2% T )2 (8)
- ¢ = arclg (—‘ QX:x 11“}‘) * 9

The obtained calculated relations (8) and (9) make it possible to determine
the value of the reactive resistance of the loads Z easured of the two-

_ dimensional periodic structure by the measured values of the modulus and
phase of the reflection coefficient.

For measuring the modulus and the phase of the reflection coefficient, it is
possible to use a stripline matched with a feeding coaxial cable. The two-
dimensional periodic loaded structure whose value of the reactive resistances
of the loads has to be measured is placed between the plates of the strip~
line perpendicular to the direction of the propagation of the electromagnetic
wave of the stripline (Figure 2). This makes it possible to measure the
modulus and the phase of the reflection coefficient with a high degree of
accuracy by the known methods [4, 5].

The method described above was used in developing models of antennas discus-
sed in [2], which made it possible to improve substantially the electrical
parameters of the antennas, bringing them close to the calculated values.
Reactive loads of the antenna models were designed on the basis of segments
of a two-wire line.

A two-dimensional periodic structure with capacitive loads achieved on the
basis of open segments of a two-wire line is shown in Figure 3. The length
of the wire segments, the distance between them, and the diameter of the

. wire were selected on the basis of the following formula [6]:

. N zﬂ(‘
! X o= _2_.arcctg (-‘7— '
) . - Rey: 1. Z15a4 i o)
- 2. Wiength

where Xcxx -- length of the open segment of the two-wire line equivalent to
the prescribed capacitive load Zu=—ijoC; 4 == calculated wave length:

Wan=276Vnfelg Dir -~ wave resistance of the two-witve line; D -~ distance
between wires: r -~ wire radius.
In the process of the calihration of Xeyy, D, and r were changing until the

value of the load resistance Z measured determined by the proposed methcd

reached the required calculated value Zy .

4
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COMMUNICATIONS, COMMUNICATION EQUIPMENT, RECEIVERS AND
TRANSMITTERS, NETWORKS, RADIO PHYSICS, DATA TRANSMISSION
AND PROCESSING, INFORMATION THEORY

UDC 621.391.7
DATA TRANSMISSION VIA A TELEPHONE EXCHANGE NETWORK

Moscow ELEKTROSVYAZ' in Russian No 1, 1980 pp 25-27 manuscript received
29 Jun 79

[Article by V.0. Shvartsman and V.G, Osipov]

[Text] The ever increasing demand for data transmission (PD) is leading

to the necessity of using the most branched communications network for this
purpose: the general service telephone exchange network (TF-OP). The fast
rates of growth of automation in the long distance portion of the network
are making data transmission available between practically any points in
the nation.

Despite the development of specialized data transmission networks, usually
no less than 50 to 55 percent of data transmission subscribers make use of
the switched TF-OP network, However, in the organization of data transmis-
sion via the TF-OP network, it is necessary to take into account the fact
that its characteristics do not meet all of the requirements of data trans-
mission subscribers, while data transmission, in turn, can theoretically
prove to have an undesirable impact on the operational quality of the tele-
phone network.

The characteristics of the TF-OP network, Since in the design of this net-
work, it was not intended for data transmission, some characteristics of
the TF-0P network (the nonuniformity of the amplitude-frequency response
and the group delay time short-term interruption, pulse interference,
etc,.), which do not exert a marked influence on the quality of speech
transmission, considerably degrade the fidelity of data transmission.

The reduction in accuracy is primarily due to interference arising in tie
electromechanical equipment of municipal ATS's [auvomatic telephone
exchanges], and its level depends on the type of ‘v'S [2, 3]: in crossbar
exchanges, the error factor runs on the order of 2 « 10~5; in computer
exchanges it is 5 « 10=5; and in 10-step exchanges, it runs up to

2 + 10~2, The load on an ATS likewise has an impact on transmission
accuracy, Thus, even 10-step exchanges in a.light load period (for
example, at night) provide a fidelity 2-to 3 orders of magnitude better
than in the peak load. Long distance calls usually have enormously better

.
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indicators with respect to fidelity (by one to two orders of magnitude),
The introduction of crossbar and quasi-electronic, and thereafter even
electronic ATS's and MIS's [long distance telephone exchanges] will
promote a significant increase in the quality of data transmission via
a TF-OP network.

When data is transmitted via a TF-OP network, the discrete data signals
are converted as a result of the modulation into voice frequency signals,
while back conversion is realized for the reception., Because of the
nearness or equality of the frequencies for telephone signalingpand the
characteristic frequencies of the most widespread modems (modulators-—
demodulators), it is possible for the data signals to imitate the
telephone signaling, as a result of which, a connection can be broken.
Thus, two of the four characteristic frequencies (980, 1,180, 1,650
and 1,850 Hz) of a modem, operating at a rate of 200 bit/sec, are close
to the frequencies of the dual frequency telephowme signaling system
(1,200 and 1,600 Hz), while one of the characteristic modem frequencies
at 1,200 bit/sec (2,100 Hz) matches the frequency of the single frequency
signaling system.

All of the difficulties mentioned here in the utilization of a TF-OP
metwork for data transmission can be completely overcome [3]. One of the
ways of boosting transmission fidelity up to the requisite level (an
error factor of Korr < 10~6) is the use of error protection devices (UZO),
based on the method of resolving feedback in conjunction with an error
detecting code.

The danger of data signals simulating the telephone signaling currents
can be eliminated by means of limiting the transmission time for signals
of one polarity (and correspondingly, one frequency) to such short values
that the telephone signaling equipment does not have time to actuate. This
limiting i1s usually achieved either by the use of a specially chosen
correcting code which does not have code combinations Incorporated in it
which consist of continuous zeros or ones, or by using a scrambler. The
latter converts the signal being transmitted to a quasi~random sequence,
a characteristic distinction of which is the low probability of the
appearance of long sequencés of one polarity, something practically
precludes the possibility of telephone signaling equipment actuating from
data signals, '

Until recently, the data transmission rate via a TF-OP network did not
exceed 1,200 bit/sec. Success in the sophistication of modems and
adaptive correction devices have recently made it possible to go over to
higher rates: 2,400 and 4,800 bit/sec, The characteristics of such
modems have already been standardized by.the CCITT, Tests of 2,400

and 4,800 bit/sec modems on a TF-OP network, which were performed by the
TsNITS [Central Scientific Research Institute for Communications] and the
KONIIS [Kiev Branch of the Central Scientific Research Institute for

FOR OFFICIAL USE ONLY
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Communications] in 1974, showed that the value of the error factor is
practically the same when operating at speeds of both 1,200 bit/sec and
2,400 bit.sec, When operating at a speed of 4,800 bit/sec, despite the
increase in the error factor (by 4 to 6 times), the utilization of a

¢ TF-OP network is justified at the present time since this increase can
easily be compensated by using error protection devices in the data
transmission equipment (APD). Modern APD makes it possible to assure a
transmission accuracy of no less than 10-6 on a TF-OP network.

Thus, one can argue that the specific features and poor characteristics
of the TF-OP network for data transmission, when the appropriate .
terminal equipment is present, are not an obstacle to data transmission
at rather high speeds via the PF-OP network.

The impact of data transmission on the characteristics of an TF-OP

network. This problem involves two aspects. One of them consists in

the influence of the additional load (the data transmission) on the

quality of service to telephone subscribers of a TF-OP network, while

the other consists in the possibility of the degradation of the operational
quality of the system due to the increased output power of the terminal
data transmission equipment as compared to a telephone set. Tt is not
difficult to convince oneself that these dangers are without any serious
bases,

The number of data transmission subscribers is many times less than the
number of telephone subscribers, Thus, for example, based on data from
the U.S. (the nation which makes the greatest use of data transmission),
the ratio of the number of APD's to the capacity of the TF-OP network is
so small that even in the future it will amount to only units of percent

_ {1, 4]. The relative number of data transmission sets is even less in
Western Europe and Japan, where it is not planned that they will nunber

- more than one percent. Such a low relative number of data transmission
subscribers attest to the theoretical impossibility of a negative impact
of data transmission on the operation of a TF-OP network, even in those
cases where the parameters of the data load do not meet the norms adopted
in this network.

However, the data transmission load parameters do not basically differ
from the corresponding characteristics of the telephone load. Thus, the
data signal level at the input to data transmission equipment ins~v*ed
in a TF~OP network is set at 50 or 32 puW O for vaiious types of equipment.
A power of 50 uW 0 somewhat exceeds that level at which the channels can
be used without limitations. At the same time, -overloading the trans-—
mission systems of the TF-OP network with data signals is practically
impossible because of the miniscule probability of signals from two or
more data transmission sets getting into one channel generating system,
because of the small number of them. Also to be taken into account is
_ the fact that a power of 50 uW 0 is characteristic of data transmission
equipment produced in earlier years. The new terminal equipment developed

FOR OFFICIAL USE ONLY
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after 1 January, 1974 ip accordance with OST 4, GO. 208, 004, should
operate with a level of 32 uW 0, something which generally eliminates

the question of limitations in the use of transmission system channels
for data transmission,

As far as the quesuvion of the load on subscriber lines is concerned, it
Is well known that low data volumes are characteristic of the over-
vhelning portion of data transmission subscribers: on the order of 10,000
characters per 24 hours and less, Such a volume even for a transmission
rate of 1,200 bit/sec (= 100 char/sec) can be transmitted in 100 sec.
Considering the fact that data exchange is usually accomplished two to
three times a day, the duratien of one data transmission session amounts
to tens of seconds, and taking into account the service telephone convers-
ations, the length of a session obviously 8hould not exceed units of
ninutes (hundredths of an Erlang), i.e., the duration of one telephone
conversation. However, the utilization of lower transmission rates

(200 bit/sec and below) is not desirable, since the prerequisites for a
marked increase in the load can be created. Transmission rates of 600
bit/sec and above are recommended, The possibility of utilizing rather
high data transmission rates on a TF-OP network makes it possible to
reduce the load on the network, For data transmisston at low rates, it
is expedient to use the PD-200 network which has been created.

The conclusion concerning the low data transmission load which has been
drawn here applies to systems with so called batch transmission, where
the information is generated in the form of one data file ("packet"),
following the transmission of which, the communications session is
terminated. Packet transmission is characteristic of planning, statis-—
tical, reporting and other kinds of data transmitted in a relative time
scale. Along with such systems, interactive data transmission systems
are finding application, which provide for interaction in real time
between man and computer or computer and computer,

Included among such systems are some queuing systems (reference services,
ticket ordering systems, systems for the solution of various problems

on remote computers, etc.). The interactive mode includes pauses, during
which the results are estimated, the situation is thought out, etc., The
pauses lead to an increase in the overall length of a data transmission
session, because of which, it is possible in some cases for interactive
data transmission systems to have a negative impact on the operation of
a TF-0P network. For this reason, the interactive transmission mode

basically requires the construction of sreclalized data transmission
networks,

The specific features of ‘the data load presented here raise the question
of monitoring the power of data signals and the length of time a sub-
scriber line is busy. However, because of the small number of data
transmission subscribers aud the absolutely insignificant differences
between the major paramecers of data and telephone loads, it is not
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expedient to organize systematic monitoring of the parameters, Exceed-
ing the established duration of subscriber line occupancy in the peak
load hour (an average of 0,1 Erl,. the maximum permissible mode is 0,15
Erl) is not a real possibility because of the low data volumes charac-
teristic of data transmission subscribers, while operation at an elevated
level is improbable in practice because of the existence of the practice
of placing a lead seal on the output signal level regulator. Nonetheless,
it 1s useful to organize selettive monitoring of the transmit level. Such
monitoring, which it is obviously expedient to accomplish manually, will
provide an adequate guarantee of protection of the telephone exchange
network against any negative influences.,

The advantages of the use of a TF-OP nework for data transmission. The
TF-OP network makes it possible to design not only data transmission
systems accessible to a wide group of users, but also maximally simplified
systems. Such systems, usually designed for the transmission of low data
volumes, can be built on the basis of multifrequency keyboard telephone
sets, which, besides their main function, play the part of an extremely
simple data transmission set. Data transmission is accomplished by
punching the buttons on the telephone set keyboard following the establish-
ing of the call connection, and data reception s accomplished at the
computer center using a modem which veceived multifrequency signals from
push-button telephone sets,

In some cases, data transmission can be accomplished in practice only
by using the accessible and widely branched TF-OP network: for example,
in the public service -~ for the remote monitoring of the status of non-
transportable seriously ill patients by means of a computer or for the
transmission of cardiograms from the apartment of the sick person to the
cardiological center for amalysis; in the sphere of everyday life - for
the cashless payment for electrical power, gas, etc,

The utilization of a TF-OP network for data transmission is being stimu-
lated by its universal nature: the transmission of the most diverse
information is possible via this network (speech, data, facsimile signals).
Considering the fact that managing the national economy, as a rule,
requires the organization of all kinds of communications (or at least,
telephone and data transmission), the orientation towards the telephone
network proves a natural one,

Data transmission via the TF-OP network in our cruatry is regulated by
the "Regulations on the Conditions for the Ut+’..ation of the Switched
Telephone Network for Data Transmission". The basic stipulaticns of this
document, which opens up broad prospects for data transmission users.
consist in the following:-data can be transmitted without limitations

at any time of the day; the average load on a subscriber line should not
exceed 0.1 Erl in the peak load hours, and the mazimal load should not
exceed 0.15 Erl; the average data signal power at the input to the

10
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closest transmission system should not exceed 32 uW 0 (for terminal data
transmission equipment developed prior to 1 January, 1974, a level of

50 W 0 is permitted); the data transmission rate, as a rule, should be
no lower than 600 bit/sec: the maximum permissible rate is established at
4,800 bit/sec; the type of terminal set connected to the TF-OP network
should be included in the products list approved by the USSR Ministry

of Communications; complaints concerning data transmissfon quality during
the normal course of a telephone conversation are not accepted by the
communications organs. “

The area of TF-OP network utilization is an extremely wide one, however,
it is far from unlimited., Tt is apparent that this network cannot be
used in cases where: the load generated by a data transmission subscriber
exceeds the intrinsic level for telephone subscribers; data transmission
subscribers need specific services not provided by the TF-OP network (for
example, multi-address communications); the network does not provide a
subscriber with the requisite operatfonal mode in the needed directions
(for example, automatic dialing of a long distance call); the time making
a call connection or the network reliability do not satisfy the subscriber
requirements,

There is no automatic identificatfon of the called subscriber in the
TF-OP network, since it is accomplished by the subscribers themselves in
telephone communications. For this reason, when exchanging data via the
TF-OP network, it is necessary at the start of a session to make sure
that the connection has been correctly established, This precludes the
possibility of sending data to the wrong address., Tt should also be kept
in mind that the use of radio relay and satellite communications links

in the TF-OP network places well known limitations on the possibility of
using the TF-OP network for data transmission.

Concluston, The capacity of the TF-OP network has substantially increased
over recent years and the level of long distance automation is growing at
a fast pace, The quality indicators of the network are being improved
through the introduction of increasingly refined equipment. In the future
is the saturation of the network with equipment, the design principle of
which is based on digital tramsmission and switching methods. Such
equipment provides for high quality characteristics, something which is
especially important for data transmission, However, even a digital
switched telephone network does not eliminate the need of designing
specialized data transmission networks, since the requirements of many
data transmission subscribers as regards a number of network parameters
(signaling, services, switching methods, etc,) can be specific, and more-
over, change rather rapidly, while the requirements of telephone sub-
scribers have primarily remained the same.
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Considering the comparatively small number of data transmission sub-
scribers it is not expedient to extend these requirements to the entire
telephone network. The most efficient approach to the development of
data transmission technology is the design of specialized data trans-—
mission networks in conjunction with the use of the TF-OP network for
data transmission, taking into account the limitations which follow from
the specific features of this network,
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SOME PROBLEMS OF TELEPHONE NETWORK CONTROL

- Moscow ELEKTROSVYAZ' in Russian No 1, Jan 80 pp 21-24 manuscript received
5 Apr 78

[Article by M,A. Shneps]

[Text] TIncreased demands are placed on the theoretical basis for the
carrying capacity of a communications network and on the substantiation
of the standards set for communications quality because of the need for
the large capital investments in the Unified Automated Communications
Network [1]. This confronts telephone network designers with problems,
for the solution of which there 1g unfortunately still no adequate
theoretical basis,

Many problems in telephone traffic theory are solved without sufficiently

taking into account the actual operating conditions of a telephone network.

Specifically: the capacity of the trunk group of channels s computed

from Erlang's first formula, which does not take into account repeat

attempts made by the calling subscriber with the blocking of the

~ next attempt to make a connection with the called sabscriber; reliability
indicators are not reflected in the calculations of the carrying capacity
of the metwork, or in the standards set for losses; when planning bypass
routes, the fact that the utilization of them increases the carrying
capacity of a network only in the nonoverloaded state of the network or

_ with overloads (failures) of individual trunk groups is not taken into
account,

However, the elimination of the difficultjes enumerated above on an

- individual basis does not answer all of the questions which arise in the
design of a network, especially those related to network control in over-
load modes. A general approach to the solution of telephone network
control problems as a whole is presented -in this paper, including the
calculation of the carrying capacity of the switching equipment, the

- control devices, and considerations for the setting of loss standards and
reliablility indicators are given, where these considerations are based on
economic calculations,
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An approximate network design method. We shall begin with a simple example
which illustrates the complexity of the problems which come up in network
design., We shall consider a fragment of a channel switching network (Fig-
ure 1), Communications are established between the calling subscriber A
and the called subscriber B through four

Station 1 Station & switching stations, each of which has its
Yaen 1 Ysen & own switching circuit, KS, and controller,
UU. We shall assume that the subscriber is
§ T {F g o-persistent, i.e., following an unsuccess-
' 7 ful attempt to make a call, the subscriber
repeats the call with a probability o af-
21 ). ter a random time, and gives up on trans-—
. mitting the message (the conversation) with
Figure 1. a probability of 1 ~a., If a =1, then
Key: 1. KS [switching circuit]; the subscriber is termed absolutely persis-
2. UU [controller] tent.

We shall introduce the rest of the symbols: m is the number of traffic
stations on the call connection path; q and T are the probabil. .ies
that the attempt will be blocked at an individual station and in the called
subscriber circuit (the subscriber is busy or does not answer) respectively;
t and t, are the average duration of time for making a call connection

at one station and in the called subscriber circuit respectively; T is the
average duration of a conversationm,

We shall calculated the load intensity* approximately, which the KS and UU
of the first station handle with the arrival of the call from subscriber A
to subscriber B. If the duration of time needed for making the call connec-
tion is neglected and the subscriber is considered to be absolutely persis-—
tent, then the load serviced by the KS is equal to T in Erlangs, while the
load serviced by the UU is equal to zero, something which does not agree
with measurement data for the network.

we shall cite the formulas for the network design. The probability for the
unsuccessful attempt to make a call connection via the path from A to B is:

Q=1—(1—)™ (1 —m,). (¢Y’

We shall subsequently make use of the geometric distribution, in accordance
with which the number of attempts until the first success with-a-.success
probability p is equal to 1/p., The average numbcr of attempts per cail
M is determined by the geometric distribution wita a parameter of p = L —uQ

* In following the tradition of literature on telephone traffic theory,
we shall employ the concept of "load" in the following instead of -the
concept of "load intensity" (which is measured in Erlangs), This does
not lead to a misunderstanding, since the remaining load parameters will
not be treated as a random process.
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1
and therefore: M= (=" (l—m)}"

(2)

E The call loss probability is:
e=MQ (1 —a). 3)

The overall load handled by the switching circuit of the first station is:
A=Miig+2tq(1—q)+3tqg 01—+

F41q (1=l + (0 + 1) (1— ) ma+ )
4T (=gt (=3 (4)

The useful (paid) load is: Ar = T(@ = Pp) ' (5
and the load serviced by the UU of the first station is:
Y = tM (6)

In order to make a transition from the load per call to the load per unit
time, the quantities A, A; and U must be multiplied by A - the average num-
ber of calls per unit time. In this case A should be chosen so that the
probability of blocking an attempt is equal to qe.

TABLE
e e M{P jalalyir|ralra
0,01 |0,52(1,8319,11{1,15/0.89 0,021 39 | 45 | 34,6
9,1 [0,6712,621n17:10810,8310,03|44,4) 48 136,65
05 10,9717,7510,75/0.4410,2510,081 111 | 49 }27,8

The results of calculations using formulas (1) ~ (6) are shown in the Table
- for the case where: m = 4; 0. = 0,9; m3 = 0,5; T = 1; t = 0,01 and ta = 0.1,
The column of values for A was taken in approximate manner by working from
- the assumptions that the number of channels in the trunk group is V = 50,
_ the repitition rate is v = 10 and the servicing time has one or two
phases: the first is the time for making the call connection and the
second is the duration of the conversation [2]., The unsuccessful attempt
probability is equal to 7§ = 1 - (1~q)3(1-w3), and in this case, the
serveing time contains one phase,

The data of the table show that in step with an increase in the unsuccess-
ful attempt probability of makigg a call Q, the number of repeat attempts
M rises rapidly and exponentially, something which leads to a correspond-
ing exponential growth in the load Y on the controllers; in step with a
rise in the call flow rate A, the overall serviced load 2A tends to v

] (i.e., to a 100 percent busy circuit), while the useful load Mg first
- increases: and then falls off,

The resultidg data are approximate. A precise solution of the problem
is apparently accessible only by means of statistical modeling. An
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Figure 2.

analytical solution is given in [3] for a lossy fully accessible trunk
group which handles a poisson load., Curves for the probability of an
unsuccessful attempt at making a call w in a 50 channel trunk with a

- repetition rate of v = 10 are shown in Figure 2 for values of o = 0.9,
a = 1 (an absolutely persistent subscriber) and e = 0 (the last curve
coincides with the curve for Erlang's First formula), A comparison of
the three curves shows that Erlang's formula, which has up until now been
universally used in calculations, cannot serve as the basis for the
determination of the carrying capacity of ttrunk groups, especially in

_ the case of large losses.

Two unsolved problems follow from the example considered here: 1) For

the design of the controller, it 1s necessary to study systems with
waiting during the admission of the load, during which, in step with the
- increase in occupancy of the system, a secondary additional flow of
repeat attempts appears with an exponentially increasing rate (its own
kind of positive feedback effect); 2) For an approximate calculation of
the carrying capacity of a network, it is necessary to study systems with
repeat attempts in the case of two-phase servicing, which can serve as a
model of a network element.

An analysis of the carrying capacity. The efficlency of a long distance
telephone network is determined by the income from payments for conversa-
tions which have taken place, which rYorm the useful (paid) load. It is
always less than the serviced load, As the data of the table show, the
ratio Ay/A amounts to 77 percent when Q = 0.0l and 55.5 perce..t overall
when Q = 0.5,

The results of an analysis of the carrying capacity of a channel trunk

group, a switching station and controller are shown in Figure ", It can

be seen in Figure 3a how the serviced load A and the useful load Ay

change as a function of the incoming load Ag (V 1s the number of channels).
. We shall call the difference A - Ap the service load Agl, and it is ’

composed of the occupancy intervals in making the call connectiom.
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The number of channels is

usually chosen during the design
stage so as to assure the permis-~
sible loss possibility mTdes.

| However, because of the inac-

| curate calculation of the serviced
! load A, the loss probability

v Ay Jpn Tizm which is observed in practice

- ®) % Aoy eglang‘s exceeds mdeg (Figure 3b).
2
. b) Ha npawmune . We will note that it is desirable
- Tl o—REACEL ‘ to take an estimate of the time-
- ’ iz /70 meopuy wise losses (the probability of
- In theory a loss with the first attempt)
o Ao dec langs as the loss probability, and not
) 4a¢a/a/70pm Ag,Jpller angs the estimate of losses based on
] ravg - Ao fact calls (the loss probability for
o . the attempts), since the first
: " |1orpomne cearter thas the meronsactent
in pracjyfce 7o meapui :
r - 0P would be even more justified
o i theory to take the call loss probability
Yo here P., but unfortunately, there
Yo parr Yo pacs Yo 9pn exlangs are as yet no simple methods of
ct des: measuring it,
Figure 3. The lack of agreement between the

theoretical calculation of the
average number of busy waiting positions, rayg, in the controller and the
results of observatioms in practice is shown in Figure 3¢, This lack of
agreement 1s due to two factors: the presence of an additional load because
of repeat attemjts and the finite number of waiting positions, r, (in con-
trast to the calculation where an unlimited number of them is usually as-
sumed). Because of these factors, the permissible mean number of occupied

waiting positions, rdess 1s achieved not at the design load YQ deg, but
rather at Yo ot

The "expenditures-~income" relationship for a network, Tt is important for
designers when planning and expanding a network to determine its economic

efficiency S. This indicator can be approximately expressed in terms of
the received income, i.e,:

$ =D - (B+C) N
_ where D is the payment for conversations which have taken place
(income); B is the specific capital investments; C are the expenditures

for the ongoing operation and repalr and restoration work for a specified
equipment readiness.,
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Figure 4a illustrates the terms of expression (7) where the curve D is
derived by multiplying A; (Figure 3a) by the payment per conversation unit.
Based on formula (7), one can judge the disadvantageousness of the commun-
ications system operation In the case of overloads (the range Ag > AS in
Figure 4b) as well as the economic efficlency of various measures to change
the capital investments (a change in the curve B), operational expendi-
tures (curve C) or to change the amount of payment per conversation

(curve D), Thé-iffcome S is shown in Figure 5a as a function of the
increase in the expenditures for repair and resteration work (a transition
from curve C1 to C2). The latter increases the equipment readiness indi-
cator and can increase the useful load (the transition from Dy to D2).

And then we obtain two curves for the incomes S1 and S2 from formula (7)
(Figure 5b), from an analysis of which it can be seen that .the expedience
of a decision to increase the outlays for repair and restoration work de-
pends on the size of the incoming load Ap: if Agp < Af, then the transition
from €] to C2 is not advantageous, and in the case of Aa < Ag, it is ad-
Yantageous,

a)
7 . c Z I
a) 5’20
bl e e N == /A _5/
Agy 55T
Sta) g Ap
A ) 2
b) "\ o erlangs o) /% .
/ 2\ AgIpn 0
IO 1\"” 7
= " l’ Heb, ’
“He Buicodno o1-
2) PP Beizodno
‘ 6] 2)
Figure 4, Figure 5.
Key: 1., Advantageous; Key: 1. Non advantageous;
2, Not advantageous. 2, Advantageous,

The substantiation of standards for losses. The major indicator of the
carrying capacity of a network is the loss probability during the peak load
hour, Along with this, work is being done to ref:... the standards set for
communications quality, for example, not only th- 2rage losses are ...ken
into account in paper [4], but also the losses during periods of scatistica?l
overshoots, For this, it is proposed in [5] that the average value of the
losses among 30 and 7 of the maximum peak load hour values over a year of
observations be standardized, Similar considerations are also taken as the
basis for a design load procedure treated in [4].
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However, why can't the entire distribution curve for the values of the in- -
coming load, Ay, be used and then be limited by one value of this load in

the peak load hour? TIn fact, the incoming load, Ay, and, correspondingly,

the serviced load, A, wvary during the course of a 24 hour day (Figure 6a).

If a histogram of the load values W(Ap) 1s plotted for hourly intervals

over the course of a year, it then turns out that the values of the load

over one selected hour during the period of greatest occupancy (which is

also understood as the wvalues in the peak load hours) fall in a range which

is not completely within the region of greatest load values (indicated by

the shaded area in Figure 6b).

- 4)) 4o wYaw  wid -
W If the distribution density of the load
values W(Ag) and the income function S

0 1.,%H 2% 4 3(AQ) are known, then the average in-—

Yacor cymon come can be calculated:
Hours of, the dayv

Bigure 6.

@

S= 'S (40) W (40)d 4. @ ‘
']

Key: 1, Peak load hour.

- This quantity provides information on the economic efficiency of a trumk
group of channels or a network as a whole, and can serve as the basis for
setting carrying capacity standards. On analogy with (8), one can define

- the average losses: T =

=2 W (4) da,, (9
0

where various kinds of losses (timewise, call losses, etc.,) can be taken
as m(Ag). Expression (9) is closer to the standards adopted at the pre-

_ sent time than the economic characteristic of (8). A universal changeover
in standards documents to characteristics of the type of (8) is hardly ex-
pedient, but they should be used for the economic substantiation of net-
work expansion variants,

(A Network control. It is shown in Figure 4b
that it is economically disadvantageous to
operate a network if the incoming load goes

A beyond the limits of the interval (Al, A(Z)). -
In network operation, it is desirable to
Tarif avoid disadvantageous operational modes,
Rates and this especially applies to network over- B
loads. It is possible to eliminate them
2 | 4 by means of the following: -
S 7]
&L |

!_I' 7 1. The selection of the amount of payment
for a completed call (the tariff). This
measure is the most powerful tool of load
A control for the purpose of increasing it
during the night hours and reducing it dur- -

7, ing overload periods. The interesting pro-
blem of choosing a model for the behavior

of a subscriber in the situation of changing

Figure
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tariffs arises in this respect. For the needs of automated service, it is
necessary to develop a theory of self-adapting tariffs [7]. The payment
per current conmmnection and call is established based on the results of ob-

- servations of trunk operation during the preceding period (the choice of
the length of this peried is also to be substantiated).

One of the possible variants for the solution of this problem is given in
Figure 7, where 1 is a reduced tariff, 2 is the normal tariff, 3 is a doub-
led tariff and 4 is a tripled tariff, The selection of the boundaries of
the transitions from one tariff to another can be solved as an optimal con-
trol problem.

2. Control of bypass routes. The generation of signals which limit or in-
hibit the utilization of bypass routes is one of the problems confronting
the CCITT ]3]. There are no theoretical prerequisites in existence today
for its solution., Questions of the calculation of the efficiency of by-
pass routes have now been worked -out for conditions where Erlang's first
formula is applicable [6]. A similar problem, including the incorporation
of economic relationships for the cost of direct and bypass routes must be
solved for a system with repeated call attempts,
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[Article by O.N, Porokhov]

[Text] TIntroduction, The present stage of the introduction of digital
transmission systems (TsSP) is characterized by the offering of analog and
digital channels to subscribers for data exchange, where the channels are
formed by the series insertion of hierarchical series transmission systems
with differing transmit rates and different means of routing. The develop-
ment of uniform requirements for the design principles of transmission sys-
tems is one of the most important problems confronting digital transmission
system designers. Along with the traditional questions in digital commun-
ications - improving noise immunity and carrying capacity - of no less im-
portance is the synchronization of a large number of transmission systems
which are tied together in series.

A great diversity of data transmission methods is characteristic of every
transmission system (cabhle, optical, radio relay, etc.). However, the
selection of the optimum method and the development of general recommend-—
ations for a specific system run up against difficulties because of the
specific features of the system, the lack of a uniform listing of the para-
meters and estimates of their maximum values, as well as inaccuracies in
individual terms and definditions.

An attempt is made in the following to resolve these problems based on re-
commendations from general communications theory.

Specific features of digital information transm.s:ion methods. T e metho’s
of information transmission via cable digital *+ _.smission systems with
their specific characteristic features have proved to be unacceptable for
transmission systems with other means of routing, Thus, the requirement
for the balancing of a digftal signal with respect to the DC component in
cable transmission systems [1, 2] has led to its substantial redundancy,
because of which these methods have proved to be unacceptable in optical
and radio systems. On the other hand, the well-known methods of digital
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information transmission by means of multiposition modulation of

radio signals are unsuited to cable systems, in particular, because

of the fact that they do not meet the requirements for synchronization
of the transmission system,

Methods of signal reception are known for cable transmission systems

are known which provide for a slight dependence of the noise immunity

on the properties of an unbalanced signal [3, 4], Because of this,

a general approach to the design of transmission methods used in verious

transmission systems is possible,

, m

: The difficulty of developing a general approach to digital information
transnission methods consists in the fact that in cable transmission

- systems, the concept "coding" in cable transmission systems is frequently

- understood to be some mathematical conversion of the binary information
being transmitted and simultaneously, the signal waveform, transmitted
via the communications line. We would recall that . ., . "fn the liter-

- ature on information theory, the term ‘coding' is used in different

senses. In the broad sense of the word, coding is the term for the

conversion of a message to a signal, In a narrow sense, coding is

defined as the mapping of discrete messages by a sequence of preselected

symbols'" [5], with the additional explanation that the new symbols

change (modulate) the parameters of the line signal, Thus, the code

- designation 4B3T [13] reflects the concept of coding in the broad sense
of the word: the conversion of binary symbols to ternary symbols and the
transmission of the symbols by a specific video pulse signal (DC pulses
of different polarity and a passive pause),

. Although such a representation of the coding operation is permissible,
. it still has certain drawbacks, since an analysis of the code properties
is needed in conjunction with the parameters of any of the various
transmission system signals, By using the concept of coding in the
narrov sense of the word, we shall assume that binary signals, generated
by any digital information sources and reférenced to one of the Hier—
= archical rates of a digital transmission system, regardless of their
type, are converted to a digital signal in two stages (Figure 1): the
- coding operation (not obligatory) - the conversion of the binary
- symbols to a sequence of new symbols (code symbols); and the modulation
operation. ~ the change of the corresponding parameters of the carrier
as a function of the code symbol. The vehicles for code symhols in
cable systems can be the direct current parameters (polarity, amplitude,
video pulse width), in radio systems — the parameters of the carrier
(amplitude, frequency, phase), and in optical systems - the number of
quanta. In analyzing transmission methods in optical systems, it is
expedient to consider the signals transmitted via these systems as video
pulse signals, because of the difficulties in processing the adopted
signals,
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- Key: 1. Digital information source; I 7 }—i b4 "I—‘
2. Binary symbols; /
; 3. Coder; g %l
4, Code symbols; T
5. Modulator;
6. Digital signal, Figure 2.

The signals of digital transmission systems. 1In contrast to radio signals,
it is difficult to make a breakdown of video pulse signals according to
kinds of modulation. We shall consider a video pulse element to be any
combination-of video pulses and pauses within the clock interval T set
aside for the transmission of one information symbol,

We shall assume the following (Figure 2) in order to limit the infinite
set of video pulse signal elements: the pulses are square waves and their
width if T or T/2; the leading edge of the pulses coincides with either
the edge or the center of the clock interval; the amplitude of the video
pulses (and later on, also the radio pulses) is the same regardless of the
number of elements (we shall designate it as A/2).

Under these conditions, the number of video pulse signal elements is

equal to nine. A video pulse signal can be generated from the elements
of Figure 2 by either an absolute or relative modulation method [6].

In the first case, a correspondence is established between the transmitted
N symbols and the signal elements, Then the number of binary video pulse
signals composed of the elements of Figure 2 is:

cg = 91/21 71 = 36

In the case of the relative modulation method, the binary information
- symbol 1 is transmitted by means of alternating two elements of the
signal, while a zero is transmitted by repedting .ne element corresponding
to the transmission of the last symbol 1. For this reason, the n'mber of
relative binary signals is likewise equal to 36, But the diversity of
video pulse signals is not limited to these figures. Multi-element video
pulse signals are used in transmission systems (several elements are
used for the transmission of one symbol), as well as multiposition modu-
lation of the individual elements, etc, It is expedient to limit
ourselves here to a treatment of absolute binary and few multi-element
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} TABLE 1
- Snewent cnr- | 9 video pulse signals, a compari-
- L psnos puc. 2fyRho son::of them and to compare radio

npH nepelade | ypon. yd Kn' p. K.
=7 “hed P ° nB v T aignals based on generalized
Lo e |dB parameters, which rather simply
s
“ 2 2 | A 0 | 05 0 and completely characterize the
{ E g %é% :§ E% § estimate of the possibility of
! g 3 %39; Zg 3% 0 their use in a digital trans-
] 8 2 |sats| Z2 | o 0 mission system,
SIS A /7 e B I 7
H 4 2 Y2 1 -3 | 05 0 The parameters treated in the
2 6 2 5§A8 = 08 0 following are summarized in
2 7 3 ' -2 .
2 8 2 i@és 5| o8 0 the tables: 1. For all (36)
A Y B A absolute binary video pulse
g g g qu :3 } } signals; 2, For some multi-
I NI ! element video pulse signals;
...3 9 —
1 H 3 | dnije] =5 | 08 ¢ 3. For binary radio signals.
- A B B e i
B ¢ | 8 3 | savs| —2 | | | The potenttial noise tmmunity of
1o g §2§ A a digital signal. An important
- 1
5 8 3 | Aye | Ze | 1 parameter which assesses the
E : 3 3 ﬁ%f e ! quality of digital information
sl S | 5 |adiSies b transmission is the error
. 708 R B O O factor of a transmission system
- 8 9 2 | A8 —9 | 0B ] (which depends on the noise
Immunity of each repeater), the
Note: *This signal has been given determination of which is
the designation "monopulse" [11]; difficult. Therefore, to compare
**This one is called "bipulse" [12]; any digital signals, it is
**%*Pulse doublet coding [17]. proposed that their potential

noise immunity be found under
ideal conditions. As is well
known [5], the potential noise
immunity of a digital signal
depends on the "equivalent"
power P, , of its elements,
si(t), sy(t), i.e.

Key: 1. Elements of the signals of
Figure 2 when transmitting-a:;
- 2. Number of levels;

7‘- .
Py =—;—b§ s (0 —s; (O] 2, o

in which case, it is proposed that the potential noise immunity be
determined for two elements of a signal with the lowest level of Pe for

a comparison of multi-element and multiposition signals (the applicability
of formula (1) for the signals of cable systems requires additional
research),

25

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3

AVILG UL avLann VoL VLl

TABLE 2 Signals, the elements of which
Tadawus 2 (2) (3) are opposite to each other and
(1) Snementst | & satlsfy the equality sy(t) = sj(t)
Honmenonsmme | e 3o | & dB have the maximum noise fmmunity
curnasos | Mepemave o | Py | @ | Pr | Ky [5]. For example, for the signals
. |° £s P, F shown in Figure 2, this condition
is met for only two kinds: with
mim el |3 avsl —sies o elements of s1(t), s2(t) and s3(t),
ﬁﬁg?ég&ng =0, 3 ﬁé; —Elos 0 s4(t). The equivalent power (1)
110] . of each pair reflects the maximum
. Key: 1, Designation of the signals; ggtizziaiizgiiz igmunity=o§2the
2, Elements of the signals of & ? “e.max :
Figure 2 when transmitting The relative noise tmmnity
3 Sﬁéber of levels coeffictent. shows by how much
) : the potential noise immunity of
a digftal signal differs from
the maximum noise immunity: Kp =
TABLE 3 = 10 log (Pe/Pe,max).
Type of p. k. a8 o | k The minimum upper frequency of the
Modulatfon ®o~ | 'am| | stgnal spectrum, fy.min, 1s a
ossoney PhASE a2 —a | os . conditional frequency which is
X:cnrm‘._«;;“xn AM ﬁ:ﬁ :g 8;2 g equal to the first harmonic of

the periodic sequence of those
signal elements for which it is
a maximum., It is expedient to
express this parameter in terms
of the clock frequency of the
digital signal, fp., With the exception of a monopulse signal (Table 1)
and an AMI signal (Table 2) for which fy pin = £1/2, the remaining
video pulse signals have fy npip = frp.

The probability of a change in the parameter being modulated, pr. This
indicator is introduced to estimate the mean value of the clock
frequency in the digital signal for the case of the equal probability of
the transmission of the binary symbols. The presence of attributes -6f
the clock frequency in a signal depends on the presence of leading edges
of pulses (transitions between levels) in wvideo pulse signals and on the
change in the modulated parameters in radio signal-,

Since the elements of the video pulse signals of Figure 2 have transi-
tions at the boundaries and in the center of the clock intervals, taken
into account in the determination of ry (see Tables 1 and 2) are the
probabilities of the transitions, the density of the appearance of which
depends to a lesser extent on the variation in the statistical character-
istics of the information being transmitted,
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The stability factor of the clock frequency attributes.characterizes

the stability of the change in the dependence of the modulated parameter
of a digital signal on the statistical properties of the Information
being transmitted and is defined in terms of the maxtmum PT.max and the
minimum pp 4, probabilities of a change in the modulated parameters in
the clock interval, f.e., KT = pp_nso/Pr nay

Besides the emumerated parameters, also given 1In Tables 1 and 2 are the
numbers of the signal elements in accordance with Figure 2, the number
of levels as well as the well-known designations of the signals.

We shall explain the rules for the generation of multi-element video
pulse signals shown in Table 2, Despite the presence of the term "code",
it 1s proposed that they be considered multi-element signals in the
majority of the designations., In AMI (alternative mark inversion) [7],
the binary symbol 1 is transmitted by alternating the elements s5(t) and
sg(t) while 0 is transmitted by the passive pause sg(t)s TIn CMI (coding
mark inversion) [8], the symbol 1 is transmitted by the alternation of
the elements s3(t) and sy(t), while O is transmitted by s4(t); in MPDC
(modified pulse doublet coding) [9], the symbol 1 is transmitted by the
alternation s3(t), s4(t), while 0 is transmitted by sg(t). In Miller
coding [10], two elements each of the signal are used for each binary
symbol: sy (t), s,(t) and s3(t), 84 (t),

The following conclusions can be drawn from an analysis of the digital
binary signals based on the listing of the parameters cited here: the
change in the potential noise immunity of digital signals amounts to 9 dB;
monopulse [11] and bipulse [12] signals have the maximum potential noise
immunity; the potential noise immunity of phase keyed signals is 3 dB
below the maximum for video pulse signals, something which is explained
by the differing power levels of the square wave video pulse and
sinusoidal signals in the case where their amplitude and widths are equalj
the use of radio signals and the majority of video pulse signals for
which Kp = 0 in digital transmission systems (in the case of arbitrary
statlstical properties of the digital information) requires the steps

be taken to increase the stability of the attributes of the clock fre-
quency.

In this case, the multiposition modulation methods with a base of 27
(wvhere 7 is any integer, greater than one) which are well known from
radio systems, because of the lack of redundancy in the signal do not
eliminate this drawback, and as has been noted, are not used for video
signals, An exception is the bipulse signal, Because of the balanced
nature of each of each of its elements s3(t) and 54(t), the maximum
noise immunity and the maximum value of the stability factor of the
clock frequency attributes, multiposition modulation of the elements of
a bipulse signal makes it possible to compensate for the drawback: an
increased minimum upper frequency of the spectrum of this signal (as
compared to certain other signals),
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Digital transmission system codes, Additional conversion of the binary
information (prior to the modulation of the carrier parameters) by means
of varying 1ts statistical properties is necessary for the purpose of
increasing the stability of the clock frequency attributes, For this,
scrambling and coding is accomplished prior to the insertion of the
information in the digital transmitssion system,

- Questions of scrambling (randomization of the statistical properties of
digital information) are of independent interest and not considered
here, We will note only that scxambling and coding are not mutually
exclusive, but are operations which complement one another, however, it
is necessary to take into account a drawback to randomization: a certain
probability of maintaining extremal statistical situations.

In classifying codes, it is expedient to break them down Into nonalpha-
betic and alphabetic codes. In the first case, changing the statistical
properties of the original binary information (while preserving its clock
frequency) occurs only under definite condittons: a specified number of
continuous zeros, and sometimes also ones of the binary information,
Alphabetic coding consists in dividing the sequence of binary symbols
into groups with a constant number of clock fntervals and Into groups of
code symbols with a new base of numeration in thefr subsequent conversion
according to a definite alphabet, and predominantly with a new number of
clock intervals, Thus, in the case of alphabetic coding, agreement is
established between each binary group of symbols and the group of code
symbols (or the groups in balanced codes [1, 2]). When the clock fre-
quency is changed, it is necessary to transmit attributes which are
sufficient during decoding to restore the boundaries (the frequency) of
the groups of code symbols. Alphabetic coding 1s characterized by
redundancy of the conversion of the binary information.

A common drawback to scrambling and coding is the possibility of error

- multiplication, The appearance of a single error during code symbol
reception can cause errors in the binary information reproduced by the
decoder over the extent of several clock intervals.

Nonalphabetic codes include the BnZS, HDBn and CHDBn [2], in which a
sequence of binary zeros of specified length (equal to n + 1) is
transmitted by a specified combination of pulses and pauses in the signal.
The utilization of three elements of an AMT signal ‘see Tablc 2) is a
common feature of the codes enumerated here. Howev.r, reducir; the number
of elements which do not contain clock frequen.y attributes [a signa?
element with a passive pause sg(t)], as compared to AMT, violates the
condition for the alternatifon of pulse polarity and Increases the minimum
upper frequency of the signal spectrum up to values of 0.6 fp to 0.7 fp

- {16]. The maximum noise immunity of signals of these codes corresmonds
to the quantity obtained for AMT,
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Alphabetic codes, besides improving the stability of the clock frequency
attributes, increase the carrying capacity of a transmission system and
lower its clock frequency, The following rule exfsts for the designation
of alphabetic codes. The first number in the name of the code type
indicates the number of symbols n, in the binary group being encoded.

A binary numeration basze is Indicated by the Latin letter B (binary).
The second number indjcates the number of symbols, k, in a code group,
while the last letter (or letters) reflects the new numeration base,

M: T is ternary, Q is quaternary, QT is quinary, § is sextenary,

H is heptanary, etec. [1, 2]. Thus, 4B3T code indicates that each group
of four binary symbols {s converted into a group of three ternary symbols,

It is obvicus that the transmission of code symbols with an increased
numeration base (M > 2) requires increasing the distinctive attributes,
i.e., a multiposition signal. For example, to transuit ternary symbols,
one can use any three elements of the video pulse signals depicted in
Figure 2, or one, but with three amplitude values, or a mixture of
elements and their amplitudes; for radio signals, one can use three

position modulation (phase, frequency or amplitude), as well as mixed
kinds of modulation,

It is sufficient te base a comparison of alphabetic codes on the follow-
ing parameters: the number of groups of bimary symbols, 20 and code
symbols, MK (these parameters characterize the complexity of the realiza-
tion of the coding and decoding operations); the coefficient of the change
in the clock frequency, Ky = n/k; the code redundancy [1] is:

7= (kIn log, M—1) 100, Q@)

and the maximum coefficient for the reduction in the clock frequency

(r = 0) for any numeration base M, which, taking formula (2) into account
is defined as:

KM = K maxe = 1im njk = log, M,
max max "0

In compiling a list of alphabetic codes, it is necessary to observe

the condition for independent transmission of groups of binary symbols
by combination of code symbols, i.e., the condition 20 < MK, Tn the
case of the limitation of an infinite set of code types within
reasonable bounds - to tens of symbols in binary groups (code types up

to 10BnM, for the realization of which, it is necessary to discriminate
up to 1010 = 1,024 binary groups) and to a base seven numeration system -
the list of alphabetic codes presented in Table 4 was compiled,
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The term (code type) adopted here is understood as a general algorithm
for the conversion of binary symbols to code symbols., Im Table 4, the
4B3T code is understood to be not only the 4B3T code [13], but also
variants of it: MS43 [14] and FOMOT (four mode ternary) [16], and the
L742 code [15] belongs to the 4B2H type code, etc.

The total number of code tables (a table showing the currespondence

of the groups of binary symbols to the code symbol groups) is extremely
large for every type of code. For example, for one of the simplest code
types, 3B2T, the number of code tables is equal to the number of permgta-
tions of 23 = 8 or Pg = 8! = 40,320,

TABLE 4

T Tan k r Thn £ [ Tan 2 o | Tum k

(l)xo;: 3k KM % KOA 4 KM % K?u 5 KM r% xo‘gi 6 KM r% wopa |7 KM n%
L' 1) ) 1
7
IBIT 3|1.DO! 58,504 1BIQ 4/1,00| 1001l 1BIQIl 5}1,00/132,19)| IBIS 6 1.001158.50 IBIH 7|1,00{180,73
2B2T 91,00 58,501 2B1Q 411,00| 1004 2BIQI| 5/2,00| 16,101 2B!S 6 2.00K 29,251 2BIH 712,00{ 40,37
3BIT 9i1,50; 5,66 3B2Q 16[1,50{ 33| 3B2QIf 251,50 64,60 3B2S | 36 |.50| 72,33 3B2H | 49/1,50| 87,16
4B3T 27'1.33' 18,87 ]| 4B3Q | 641,331 50| 4B2QI) 25]2,00f 16,10} 4B2S | 36|2,00; 29,25 4B2H | 49i2,00{ 40,37
5B4T 81[1,25: 26,80 5B4Q | 256(1,25 SB3QLi 1251,66] 39,32 4 5B2S | 36.2,50; 3,40} SB2H | 49,2,50| 12,29
6B4T 81{1,50) 5,66} 6B1Q | 256|1,50] 33! 6B3QI| 125(2,00| 16,10} 6B3S | 216!2,00 ‘29.25' *6B3H | 34312,00| 40,37
7BST | 24311,40; 13,21 § 7BSQ |1024;1,40 431 7B4QI} 6251,75{ 32,681 7B3S | 216/2,33{ 10,78, 7B3H | 343,2,33] 20,31
TeB6T | 729'1,33] 18,87 |} 8BEQ |2048(1,33] 501 8B4QI| 625{2,00| 16,10 8B4S |12962,00 29.’.’51 §B3H | 343]2.66] 5,27
"9B6T 72911,50| 5,66 9B6Q |2048{1,501 331 9B4QI 625!2,25 B 9B4S 11296}2,25| 14,89 9B4H |2401;2,25] 24,78
1087T 2187]!.43 10,95} 10B7 81921!.43 40 10B5Q! 3125'2.00 16,10{ 10B4S |1296/2,50! 3,40| 10B4H (2401[2,50| 12,29
KAgE=1.58 Kisaye = 2,00 Kyuage = 2:32 Kouaxe =258 Kounye = 2.81

Key: 1. Type of code.

A criterion is proposed for the comparison of codes and code tables of
one typet the multiplication factor for single errors, which result
during decoding., Although minimization with respect to the indicated
criterion does not lead to a unique code table, it nonetheless sub=
stantially reduces the number of them. Thus, for a 3B2T code, it is

reduced to eight with a minimum single error multiplication factor of
1,375.

The following conclusions can be drawn from an analysis of the list >f
alphabetic codes based on the proposed parameters Ae following ccdes
have an advantage in terms of closeness to the cor.esponding maximum cor ‘-
ficients of reduction in the clock frequency and code redundancy (with the
clock frequency change coefficient indicated in parentheses): 3B2T (1.5);
9B4QL (2.25); 5B2S (2.5) and 8B3H (2.66), the small redundancy of which is
sufficient to preclude extreme situations during the transmission of digi-
tal information (which lead to a loss of synchronization in transmission
systems); if no substantial reduction in the transmit rate is required in
the transmission systems, then the best code is the 3B2T based on the
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aggregate of parameters (redundancy, complexity in the realization of the
coding and decoding operations and the error multiplication factor),

Conclusion. The utilization of the coding concept in the narrow sense of
the word and the breakdown of methods of digital fnformation transmission
into coding and modulation operations make it possible to more completely
consider the specific features of each operation and evaluate their poten—
tial capabilities, The subsequent selection of the set of operations for
- specific transmission systems should satisfy the requirements placed on
digital communications networks. TIn this case, because of the streng de-
pendence of some digital signal parameters on the statfstical properties
of the digital informatton being transmitted, they are to be determined
for worst case conditions to obtain a qualitative comparison of the para-
- meters,

- It is expedient to combine the codes cited above with monopulse, bipulse
and phase keyed signals to obtain the maximum noise immunity of repeater
sections and the carrying capacity of digital transmission systems, as well
as to meet the requirements for digital transmission system synchronization
given any statistical characteristics of the digital information,
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DIGITAL COUPLING DEVICES (TRANSMULTIPLEXERS) IN COMMUNICATIONS SYSTEMS

Moscow ELEKTROSVYAZ' in Russian No 1, 1980 PP 28-32 manuscript received
13 Sep 79

[Article by L.M. Gol'denberg, B.,D. Matyushkin and M.N. Polyak]

[Text] The stage of the widescale introduction of digital transmission
systems (TsSP) which use the principles of pulse~code modulation (IKM),
- as well as electronic digital switching systems, has started on the
communication networks [1, 2], Digital transmission systems are universal
and can be used to organize a specified number of telephone channels
(depending on the type of system) using time division of the channels
(IKM VRK) or a group signal with frequency division of the channels
(IKM ChRK). The principles of electronic switching of IKM VRK signals
_ have been taken as the basis for the design of the automatic switching
centers (UAK) and automatic electronic long distance telephone exchanges
- (EAMTS).

At the same time, the basis of the existing communications network is the
multichannel analog systems with frequency division multiplexing [2]. For
this reason, when organizing a long distance communications network, auto-
matic switching centers should operate during a specific, rather long period
of time using a combination system for the organization of transmission ser-
vice (analog frequency division systems, time division PCM and frequency
division PCM). Consequently, the construction of a communications network
is impossible without the design of interfaces fortsystems with frequency
- and time division multiplexing, as well as devices for coupling frequency
division systems to automatic switching centers (or EAMIS's). These coup-
ling devices have been given the name “transmultiplexers" (TM).

This article is the first part of a paper devoted to the presentation of
the design theory and principles for transmultiplexers using the modern
component base, which are of considerable importance to other fields of
communications engineering, for example, in the construction of digital
modems, PCM to binary PCM signal converters, etc, Transmultiplexer circuits
Will be treated in the second part of the paper and a comparative analysis
will be made of them.
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The functions of transmultiplemers, Transmultiplexers have been called
upon to solve two basic problems: in the first place, the segregation of
individual channel signals from a group frequency division signal for
transmission to the switching field of an automatic switching center, and
secondly, the generation of a-group frequency division signal from the
individual channel signals incoming from the switching field of an auto-
matic switching center, for subsequent transmission in a frequency divi-
sion system. These problems could in principle be solved using the set
of standard terminal equipment of frequency division analog systems and
PCM systems (for example, the K~60 and IKM-30 equipment for 60-chanmel
frequency division systems)., However, such a solution is hardly accept-
able since it involves the use of comparatively expensive analog equip-
ment, which is additionally of considerable size,

In step with the development of future digital transmission systems, when
an integrated network comes to replace the existing communications network,
in which signal transmission and switching is accomplished only in digital
form, the functions of transmultiplexers will change to a certain extent,
They will serve for interfacing wideband PCM system chamnels to time divi-
sion PCM systems as well as to interface frequency division PCM systems
and automatic switching centers (or EAMTS's).

In connection with what was said above, a number of requirements must be
placed on the principles for the design and realization of transmulti-
plexers:

A TM should take the form of a digital device, the design principles of
which are in line with the design principles for future digital trans-
mission systems and couple to contemporary transmission systems by means
of the simple addition of an analog-digital (or digital-analog) comnverter
at the input (or output);

A TM should be designed around a digital component base with rather strict

- limitations on size and cost, something which s due to the need for a con-
siderable number of interface equipment sets for coupling frequency divi-
sion analog systems to one EAMIS; .

The digital signal processors included in the complement of a TM should
operate at high signal digitization frequencies (on the order of hundreds
of kilohertz, even in the case of a 60 channel group signal),

The latter requirement leads to the use of special design methods for the
devices and the development of procedures which assure the optimization .
specific TM parameters (for example, the minimization of the standardized
number of operations per unit time or equipment volume), as well as the
newest series of integrated circuits which contain high speed immediate
access (0ZU) and read-only (PZU) memories, arithmetic-logic devices, re-
gisters and other functional assemblies.
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Transmultiplexer realization using a digital component base requires the
application of digital methods of filtering, modulation and demodulation
of the signals, which differ in many respects from the traditional analog
methods. TM variants are treated in [3 - 7], the practical realization of
which proved to be rather complicated because of their considerable vol-
ume,

T structures were proposed in [8, 9] for 60-channel transmission systems
which lead to a substantial reductifon in the equipment volume through the
standardization of the digital filters, the TsF, included in the structure.
The standardization of the digital filters made it possible in the reali-
zation of TM's to use the latest achievements of the theory and practice
of digital device synthesis (the construction of the digital filters using
read-only memories and multichannel signal processing).

Figure 1.

2 Ylmnl] e=— gt/
) —— - Key: 1. Analog-digital converter/digi-

‘/J'ﬁﬁ
Q) - ilﬂ”_”_@'&)" Bl tal-analog converter;
—’ﬁl—@@—”— ™ == 2, Frequency division--time

: division;
24, .yk(m”ri@ onlt) 3. Time division--frequency
{35{ v division;

4. Digital-analog converter/
/analog~digital converter.

As was noted above, a TM serves to interface systems with frequency and
time division multiplexing (Figure 1). The frequency division and time
division systems can be both digital and analog. In the latter case,
analog-digital converters, ATsP, and digital-analog converters, TsAP, are
incorporated in the transmultiplexer. The following symbols are adopted
in Figure 1: x(t) and x(nT) are the group analog and ‘digital signals from
the frequency division, respectively; yi(mn T) and yi(t) are the digital
and analog signals of the i~th chamnel (i = 1, 2, ... k).

The group k-channel analog signal with x(t) frequency division of the

channels has a spectrum of: : L]

X (o)=Y X (iw),

=1

- where Xj(iw) are the spectra of the channel signals, each of which occu-~
pies a bandwidth of Aw; = Aw = const. The group signal takes up a band-
width of [wyin, wpaxl, where upin = ZAw, wpax = (2 + k)dw. The spectra
of the individual channel signals, yi(t), in a time division system are

located in the low frequency range [0, Aw] (Figure 2)*,

* The absolute values of the signal spectra are depicted in Figure 2 and
all the subsequent figures, However, for the sake of brevity in the
following, we will be speaking of signal spectra when referring to the
figures.
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) (e Figure 2,
L7874 r . .
— Key: 1. Frequency division--
- A —~time division;
L4 o (2) f ’
0| 1o ’“— 04y @ 2, Time division--frequency
Ly =80 Wnog =L+ division.
min mnax

The spectrum X*(eMT) of the group digital signal x(nT) is periodic with

a digitization frequency of wg [10]:
1 -
xe@EeN =0 X X(iotine=
Am—o

| ©
B |
=72 2 Xidetine,

{az] pam—w

where the quantity wy is chosen from the condition of [1]: wpo, 2 wp 2

< tpin When tpay < 2upins Z2Wpax < o when upax > 2ugin, wo = u2Aw,
w=1, 2, ..., while the main spectrum (when n = 0) occupies a bandwidth

ik

of IwI & [upin> Umax]-

_ The spectrum Yg(eimT') of the digital channel signal, yi(m n T) is

periodic with a digitization frequency of w} = wp/m = 2Aw:

T T .
viEeT)=—r 2 X (lo+inog)=
N —

R .

1 A ’
= —— XFo+ine)+
: an;_m

+7nLT— > Xr (o +ineg, (1)

n=-—w

where X'*i'(iw) and X5(iw) correspond to the upper (w > 0) and lower
(w < 0) bands of tﬁe spectrum of the i-th channel signal.

(1)

The main spectrum of the yi(m n T) signal-occupic a bandwidth of

lwl & [0, twl.

A transmultiplexer should provide for the segregation of the yi(m

nT)

channel signals from the x(n T) frequency division group signal with
the shift of the spectra of the segregated channel signals into the low
frequency range (direct conversion) and the generation of the group

signal x(n T) from the individual channel signals yi(m n T) (back
conversion).
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The basic types of operations in q tranamiltiplexer, The main operations
in a ™ in the case of direct conversion are: digital filtering of the
group signal (to segregate the spectra of indiwidual channels); the

) shifting of the spectrum of a segregated channel signal to the low

_ frequency range and the reduction of the digitization frequency of the
channel signals (decimation) down to the quantity «); the inversion of
the spectrum of specific channel signals,

The main operations in a TM in the case of back conversion are: digital
filtering of the individual chapnel signals for the purpose of boosting
the digitization frequency (interpolation); shifting the psectrum of

each channel signal to the requisite frequency band; preliminary inversion
of the spectrum of individual channel signals,

The segregation of a channel signal from the group signal with sitmultaneous
: conversion of the segregated spectrum to the low frequency region, This
) problem is solved by means of the circuit shown in Figure 3, which was
) described in detail in [14].

(7] | un j i(nr) an yi(mn7)
1) (2)
- Figure 3.
) Key: 1, TsP [probable misprint for TsF = digital filter]; =
2, 3n [inhibit gate].
el (& LA L
- ( P /Im 'a; The segregation of an individual B
E AL 1o channel is accomplished by means ]
};{rew';?iv[ N° Mm N v of a digital bandpass filter TsF, b
e DN N while the shift of the spectrum of
195901 75 ] P
|Z’£’"£EI§%§H€%W%$ the segregated signal to the low
- 7 40 o o @ frequency region is realized by
- ¢ ‘ means of a simple reduction in the
Figure 4. digitization frequency of the out-

put signal of the digital filter
, by a factor of m, using an inhibit
gate, 3n. The principle of the
segregation of a channel signal from a group to channel signal (7 = 1, B
k = 2, see Figure 2) with the shift of the spectrum to the low frequency
- region, where X*(eit? is the spectrum of the two channel group signal
i x(n T) is illustrated in Figure 4, A1 and Ay are the idealized
- amplitude~frequency responses (AChKh) of the digital filters for the
E segregation of the first and second channels; ?{(eiw‘r)' and ?g(eimT)
. are the spectra of the y1(nT) and 3’72 (nT) signals at the outputs of the
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filters which segregate the first and second channels; Yi(ei“ﬂ") and
Y5(eiwI") are the spectra of the yifm'n T) and Yo(m n T) signals
following the reduction of the digitization frequency. As can be
seen from Figure 4, either the direct spectrum of the channel being
segregated (for the second channel) or the inverse spectrum (for the
first channel) is positioned in the low frequency region.

- We shall note the following circumstances: The idealized amplitude-
frequency response of filter Ay for the segregation of the i-th channel
in the passband |w| € [0, wg/2] is defined by the relationship:

A =|He (07| =
1 npy w € [(l+if1)A<*' (i) Aw), (2)
“lompro€(+i=1)Au, (I+i)An],

where

H @'y =H* (2) H* (2)

loT*
€ .
is the transfer function of the digital filter,

In a real digital filter, expression (2) is approximated with a specific
degree of accuracy, A{ # O when w & [(I+i-1)Aw, (I+i)Aw], and with the
reduction of the digitization frequency, the phenomenon of the super-
position of the spectra takes place, something which leads to signal
distortions. Because of this, rather severe requirements are placed

on the parameters of the amplitude-frequengy response of a channel filter
in the top band.

If one additionally takes into account the fact that the ratio of the
sum of the transition bands (the region between the passband and the
stopband) to the sum of the passbands and stopbands is very small (even
for a 12 channel group, it is approximately 0.033), considerable diffi-
culties arise in the realization of the channel filters.

Moreover, it can be seen from (2), the transfer functions of the filters
for the segregation of the various channels are different, and for this
reason, the design of a' coupling device based on this principle requires
the utilization of a set of bandpass filters.

- Another solution cf the problem exists where one can use the same digital
low pass filter for the segregation of any channel (Figure 5)., Figure 6
illustrates the operational principle of the circuit. The input group

.'_ signal x(n T) with a §£ect§rum of X*(elWl) ig multiplied by the carrier
so that the spectrum Xj(ei®wT) of the channel being isolated is positioned
in the frequency range [-Aw/2, Aw/2] (Figure 6b), Then the requisite
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channel is isolated by means of a low pass filter (Figure 6c, d), the =
digitization frequency is reduced (Figure 6e) and the back conversion of '
the spectrum to the frequency range [0, Aw] is realized (Figure 6f). Tt

should be noted that the input and output signals of the low pass filter

are complex. This can also be seen from Figures 6b-d, since the spectra

of the signals are not symmetrical relative to the frequency w = 0,

. 21411
é’-”{T dwn

1

@ (&)
@ () () (e) (£) - (8}

Figure 3.
Key: 1. TsFNCh [digital low pass filter]; 2, 3n [inhibit gate],

The processing of the complex signal is accomplished by a "complex" circuit.
This means that there are separate branches for the processing of the real
il(n T) and imaginary %X(n T) components of the signal X(n T). The operas. . -
tional principle of the "complex" circuit of Figure 5 is illustrated in de-
tail in Figure 7, The signal with the requisite spectrum (1) is derived
through the segregation of the real component of the signal §£(m n T) (the
element Re in Figure 5).

The inversion of the spectrum of a signal located in the low Sfrequency

range. If the primary signal spectrum z(n T) occupies a bandwidth of

luﬂ & [0, Aw], while the digitization frequency is wy = 2Aw, the

spectrum inversion is accomplished by means of a simple change in the

sign of every second signal readout 2(n T): 2(n T) = (=1)B z(n T), n = )
=0, 1, ..., where 2(n T) is the signal, the spectrum of which is inverted

with respect to the z(n T) signal spectrum, The relevant explanations can

be found, for example, in [8]. )

Stgnal interpolation by means of a digital filter. In pure form, the
interpolation problem consists in boosting the digitization frequency of

a signal having a finite spectrum. The analysis of the interpolation
process in the frequency range [12] shows that this process is essentially
one of linear digital filtering of the signal being interpolated,

If z(n T) is the signal being interpolated and having a spectrum Z*(ein),
and £([n/m]T) is the signal following interpolation (increasing the
digitization frequency by a factor of m) having a spectrum F*(elwT), then
as can be seen from Figure 8 (m = 3), the interpolation process consists
in suppressing the components of the spectrum of the signal z(n T) which
fall in a range of [w/T, w/T']. This problem can be solved by means of

a digital low pass filter, to the input of which the sequence of readouts
is fed:
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Figure 7.

Key: 1. Digital low pass filters;
2, Inhibit gates.

w1 pm il 7* iwr
L A I;’e 1 /1{}1 ANANANANANA
FHei | 7] [ ! 19
{F%e /JJ\ T ) = IF(e"":),l f\ 4 ~ A
tEaz o hale'')| _A N__ A N
I 7 (‘)_ZI [
. 57
Figure 8. Figure 9.

In other words, the sequence z(n T') is derived from the sequence z(n T)
- by means of inserting (m-1) of the zero readout beiween two information
readout sequences. It was shown in [12] that the spectrum Z¥(eiuT') of
the signal z(n T') coincides with the spectrum Z¥(eiwT) of the signal
z(n T) (see Figure 8), while the signal with a spectrum of F*(ele ) is
attained by means of processing the signal z(n T') with a digital low pass
filter operating at a digitization frequency of wh = 2m/T':
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F* (! OT) < fre (! 0T") 3 (¢ 0Ty

The interpolation process can be combined with the shifting of the
spectrum of the signal being interpolated to the requisite frequency
band. "For this, it is sufficient te use a digital bandpass filter as
the filter-interpolator. Figure 9 illustrates the process of interpol-
ation with simultaneous spectrum conversion., The following symbols have

- been adopted in this figure: Zg(eiMT') is the spectrum of the input

) signal to the i-th digital filter; Ay and A2 are the amplitude-~frequency
responses of the digital bandpass filter-interpolators which accomplish
the simultaneous conversion of the primary spectrum of the signal being
interpolated to the frequency ranges [Aw, 2Aw] and [2Aw, 3Aw] respectively;
F1elwT') and Fp(eiwT') are the signal spectra at the digital filter out-
put. In comparing Figure 4 and Figure 9, it can be noted that when
interpolating. signals, digftal filters are used having the same transfer
functions as in the case of the segregation of individual channels from
the group signal with simultaneous conversion of the spectrum to the low
frequency range. For this reason, the same drawbacks are inherent in
the interpolation method described here with spectrum conversion as in
the corresponding method of isolation of individual channels.

The generation of a single sideband signal with subsequent converston

- of the spectrum, The process of signal interpolatfon and spectrum

- conversion to the requisite frequency band can be carried out in two
stages using the circuit shown in Figure 10, where the digital filter-
Interpolator is designated TsFI. Figure 11 explains this process, We
note that the signals z(n T), 2(n ™, f(n T') and £(n T") are complex
and the circuit of Figure 11 contains two branches for processing the
real and imaginary components of the complex signal, just as the circuit
of Figure 5,

cuzHana ¢ 061

;% i 2 o
: (2 S !
A -~ °
U N Z(nr) 10T ANFIAT) == f(nT")
B yPHY yon (=1 Re
- ! 1 L— |
(1) Poprupobanue | Aumepnonsyus | frepenoc %
b cnexmpa (4)

I hterpolatio

Figure 10,

Key: 1. Generation of the SSB signal;
2, Digital low pass filter;
3. Digital interpolation filter;
4, Spectrum conversion,
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k0l To be included among the merits
lzkmﬂ: AN AN AN ANAN AN A

2% I _ARNCAN AN AN AN AN AN @ of this circuit is the fact that
" o O o o O o W e W e I the operations of generating the
l€7ﬂ N NN N N NN Z single sideband signal (SSB) is
Iﬁk“ﬁl ;j Fj T accomplished at the low frequency,
lF%?ﬂ - ~ ~ N and in the case of signal interpol-
1Fe™I A4 N A N2 atden, there is considerable spacing
’ 0 a¢=%g n$=§§ o between adjacent components of. the

spectrum (see Figure 11), This

greatly simpliffes the transfer
Figure 11, functions of the digital filters

used as well as their realization.

The generation of a SSB signal at the low frequency can also~be realized

by

1.

means of the converter treated in [13].

BIBLTOGRAPHY

Levin, L.S.,, Plotkin, M,A,, "Osnovy postroyeniya tsifrovykh sistem
peredachi" ["Fundamentals of Digital Transmission System Design"],
Moscow, Svyaz' Publishers, 1975,

Bubman, D.R., "Sovremennoye sostoyaniye i perspektivy razvitiya mnogo-
kanal'nykh sistem peredachi v provodnoy svyazi" ["The State of the Art
and Prospects for the Development of Multichannel Transmission Systems
in Wire Communications"], "Itogi nauki i tekhniki. Seriya Elektrosvyaz'"
["Progress in Science and Engineering. Electrical Communications Ser=-
ies"], 1976, Vol 7.

Weaver, D.K., "A Third Method of Generation and Detection of Single
Sideband Signals', PROC. IRE, 1956, Vol 44,

Darlington, S., "On Digital Single~Sideband Modulators"!, IEEE TRANS.
ON CIRCUIT THEORY, 1970, Vol CT-17, No 3.

. Kurth, C., "SSB/FDM Utilizing TDM Digital Filters", IEEE TRANS. ON COMM.

TECH., 1971, V. COM-18, No 6.

Freeny, S,L,, et al,, "Design of Digital Filters for an All Digical
Frequency Division Multiplex Time Division Mul..plex Transiator , LEEE
TRANS. ON CIRCUIT THEORY, 1971, V. CT-18, No 6,

Bonnerot, G., Coudreuse, M., Bellanger, M., "Digital Processing Tech-
niques in the 60 Channel Transmultiplexer", TEEE TRANS, ON COMM., 1578,
V. COM~26, No 5.

Gol'denberg, L.M., Matyushkin, B.D,, "Vydeleniye kanalov iz gruppovogo
tsifrovogo signala v sisteme IKM ChD" ["Thn Segregation of Channels
from a Digital Group Signal in a-Frequency Division Pulse Code Modula-
tion System"], ELEKTROSVYaZ', 1978, Nc 5.

42

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3

9.

) 10.

11.

12,

13.

FOR OFFICIAL USE ONLY

Tsudo, T., Morita, S,, Fuji, Y., "Digital TDM~FDM Translator with
Multistage Structure", TEEE TRANS, ON COMM., 1978, V, COM~26, No 5.

Dzhuri, E.I., "Impul'snyye sistemy avtomaticheskogo regulirovaniya"
["Pulse Systems for Automated Control"], Moscow, Fizmatgiz Publishers,
1963,

Matyushkin, B.D,, "Vydeleniye otdel'nogo kanala iz gruppovogo tsifro~
vogo signala v sisteme svyazi ChD IXMM" ["The Isolation of an Individ-
ual Channel from a Digital Group Signal in a Frequency Division Pulse
Code Modulation Communications System"], in the book, "Seti i kanaly
svyazi i raspredeleniye informatsii" ["Communications Channels and
Networks and Information Distribution™], TULS [not further defined],
1978.

Shefer, R., Rebayner, L., "Metody tsifrovoy obrabotki signalov v
zadachakh interpolyatsii’ ["Methods of Digital Signal Processing in
Interpolation Problems"], TITER, 1973, Vol 61, No 6,

Rabiner, L., Gould, B., "Teoriya i primeneniye tsifrovoy obrabotki
signalov" ["Digital Signal P¥ocessing Theory and Applications"], Trans-
lated from the English, edited by Yu.N. Aleksandrov, Moscow, Mir Pub-
lishers, 1978.

COPYRIGHT: Izdatel'stvo "Svyaz'," "Elektrosvyaz'," 1980,
[1239-8225]

8225
- CSO:

8344/1239

43

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3

FPUK UrPiULIAL UDE UNLL

UDC 621.395.74,001,2
THE SERVICE QUALITY OF AUTOMATIC LONG DISTANCE TELEPHONE SERVICE
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[Article by A.B. Klibaner and N,V, Pevtsov]

[Text] Introduction. The fast rate of growth in the number of long dist-
ance telephone conversations and the placement of new types of AMTS [auto-
matic long distance telephone exchanges] in service have created a number
of serious scientific and engineering problems related to the requirement
that the service quality for subscribers be increased [1]. One of the
major characteristics of service quality in the case of automatic long
distance telephone service is the losses,

Trunk groups of expensive channels are organized between various AMTS's,

E where these channels must be utilized to the maximum possible extent, This
can be achieved with a reduction in service quality, i.e., increasing the
amount of losses [2], something which is unacceptable. The capacity of a
trunk group of channels, in accordance with CCITT recommendations, should
assure losses of no more than one percent, Optimal solutions must be found
which tie together the requirements of increasing both the level of channel
usage and communications quality,

Various factors have an influence on the quality of automatic long distance
service, and among them we shall single out the following main ones: the
variation in the load on the equipment and the line; the perceptible flow
of repeat calls; and the lack of operationally timely monitoring of commun-
ications traffic.

Moreover, reasons for poor service quality can be inadequate knowledge of
the nature of the load incoming to an AMTS, met'ous of calculating it which
are not always satisfactory, the lack of the technical capability of con-
trolling the incoming load and distributing it, We shall consider the threc
major influencing factors which we have singled out,

Fluctuations in the long distance load. The long distance load, YM, pro-
duced by call sources is a random quantity and subject to fluctuations.
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These are random fluctuations in the load intensity from long distance
message sources, as well as seasonal fluctuations,

The design procedure for AMTS's takes into account the nonuniformity of the
long distance load as a function of the seasons of the year. The average
number of incoming calls per 24 hours is determined by means of dividing the
annual level by 300 days instead of 365 so that the load is increased by
approximately 20 percent, A similar approach in the area of large loads
can lead to a substantial overstatement of the planned equioment volume,
If, let us assume, with losses of one percent and an Incoming load of

10 Erlangs, 18 channels are actually required, then taking this 20 percent
into account, there will be more than 20 channels; the volume of channel
equipment will be increased by 10 percent. Given the same losses, an
increase in the load of 100 to 120 Erlangs leads to an increase in the
volume of channel equipment by more than 20 percent.

Consequently, it is insufficient to characterize the random quantity Yy
with only the mean value, Deviations in the values, which can be treated
as a random quantity, can be so great that the quality of a long distance
message can prove to be unsatisfactory,

Because of this, the calculation of AMTS equipment volume must be based on
that level of the incoming load at which there is the probability w of
assuring the requisite service quality to subscribers with a specified
standard norm for the losses. Such a level has come to be called the
design level,

The theory of the design load for municipal telephone exchanges is
presented in [2], where a relationship is found between the average Y
and design Yp load levels when w = 0.75:

Yo=Y 40,674 YV, )

Taking into account the specific features of fluctuations in the incoming
long distance load, the design long distance load, Yp.m’ can be determined
from the formula proposed in [5]:

- ) _ 2
%M=YM+%(H)+%(HL @

where Yy is the average value of the long distance load; ¢1(YM) is a
function which takes into account the random fluctuations in its sources;
92(Ty) 1s a function which takes Into account the seasonal fluctuations
in the load.

We will note that in accordance with the existing design procedure of
[1]: _ _ .
P (Ya) =0, g2 (YVy) =0,27y,

(3)
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and only the seasonal fluctuations are reflected in it, something which is
clearly inadequate for the characteristics of a long distance load,

A detailed analysis of the statistical data from materials of the
Leningrad AMIS and a hypothesis concerning the very simple nature of
call flow and an exponential servicing time with an average value of
T = 0.05 hours has made it possible to derive the following formulas,
taking (1) and (3) into account:

o (7)) =025 /7, )
P (V) =Yy exp [— (1,64 0,01 7y)).. )
b Formula (2) assumes the following form in this case:
Yp,u =Y, [l +e (eto.0 Y“)] + (6)
+0,215V7,,

An analysis of formula (6) shows that the greater the value of Yy. the less

the design value YpM differs from it, Table 1 fllustrates what has been

said here. The physical essence of the fluctuations is reflected here: the
_ greater the load, the smaller the fluctuations to which it is subjected,

TABLE 1 In the planning of an AMTS, the design
—_— value of the long distance load is
used only to determine the number of
junction and control devices. All

. Yo, —Y
7 .3 v oem | oo operations to combine and split the
we 9P| | Yo 90 T&' flows of long distance traffic at
- x100% various selector stages of the AMTS
0,1 0,188 88 and the transition to the calculated
1 1415 42 X .
10 12,49 % design values are realized in
1% 10215 # accordance with the generally well

known algorithm of [2].

The design long distance load, determined from formula (6), is justified
for the calculation of the number of channels or devices, which are
inserted in a fully accessible manner, Studies show that the design long
distance loads, in the case of incompletely accessible insertion, with a
- small amount of error can also be taken as equal to ¥p.M.

Since load fluctuations lead to an increase in the ‘erage traffic losses
planning an AMTS with the use of the design load mechod makes it possible

to specify regulations for the mean level of losses on a communications
route,

Setting loss standards, As has already been mentioned, the main character-

istic of service quality is the losses. In accordance with [1], losses
are standardized for a switching section of a long distance telephone
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TABLE 2

) Item Peak
No. Route Load
Hours
1 Vil'nyus 20-21
2 Tallin 20-21
- 3 Arkhangel'sk 20-21
. 4 Volgograd 20-21
5 Riga 10-11
6 Kalinin 10-11
7 Novgorod 9-10

8 Voronezh 14-15

9 L'vov 15-16

10 Moscow 15-16
11 Intrazonal routes 10-11

- network, i.e,, the trunk group channels between AMTS's, wibkhout taking
into account the switching equipment of the AMTS's; a norm of cne percent
has also been adopted there. At the same time, the operational instrucs:
tfons for an ARM-20 AMTS sets the standard for failures n an exchange,
at a level of two percent, taking into account failures on the traffic
routes, leaving one percent for losses due to the channels being busy,
Such an approach is correct, however, it is useful to specify the two
percent level more precisely. In fact, losses at an AMTS are also due
to the occupancy of the channels, instruments as well as blockages in
the switch field; losses can occur because of row overflow and the limited
waiting time in the control devices which service the calls in a system
haying waiting, For this reason, it is more expedient to understand the
switched section of a long distance telephone network to be the aggregate
of the AMTS equipment and the long distance channel, where the input teo
the section is the input to the switching equipment, while the output is
the sets of terminal equipment of the channels or lines.

The question of setting loss standards for AMTS's requires careful study.,
First, the overall standard for losses from subscriber to subscriber in
) the case ofifa long distance eall must be determined, and then this quantity
i must be distributed over the switched sections., The loss standard for a
section will depend on the type of AMES, something which will make it pos—-
sible to reflect the actual cost relationships on the network. In this
! case, it is necessary that the loss stamdard for a trunk group of channels
- not exceed one percent in accordance with modern Lequirements,

- 47 .
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In the case of loss distribution, it is necessary to take Into account the
specific features of each particular communicattons route., It was shown in
[4] that routes can exist, for which a degradation of service quality is
permissible from an economic point of view. This question can be resolved
in precisely specifying the network structure and the existing equipment,
The principles for the distribution of the owverall loss standard for the
switched sections of a long distance network are the topic of a separate
article.

The organization of quality control for AMTS service, The organization of
observatiors of service quality and the measurement of the parameters of
long distance telephone meéssages are complex technical problems, the solu= o~
tion of which generates a number of definite difficulties for operational
services. One of them is the lack of agreement in the peak load hours on
different communications routes.

Data on the peak load hours on trunk line and intrazonal routes of the
Leningrad AMTS are shown in Table 2.

- The main load peaks come at time intervals of 10 - 11, 14 - 15 and 20 -22

; hours [Moscow time]. A system of statistical measurements makes it possi-
ble record the data of the meters every hour. It is natural that the lack
of agreement in the peak load hours for the routes creates difficulties in
determining the overall exchange peak load hour. The latter is determined
during the period of maximum current consumption at the station, and for
the Leningrad AMTS, 1s the interval from 10 to 11 hours, For this reason,
all of the statistical data on the load and the service quality are recorded
specifically during this period. A similar picture is also observed at
other of the nation's AMTS's.

It is expedient to measure the telephone traffic parameters and monitor the
service quality only during the peak load hours on the communications routes.
This increases the value of the statistical data for planning. The volume
of statistlcal data does not increase though as compared to the volume ob-
tailned using existing procedures.

- It is expedient to utilize check calls for the purpose of obtaining subjec-
tive information from a subscriber on how the long distance telephone net-
work is functioning. Such a method has been used for a long time now at
the Leningrad GTS [municipal telephone exchange]. Check calls are made
systematically during the peak load hours of the -omwunications routes, It
is desirable to automate this process, because of ~ich it is necessary to
develop special receiving and transmitting test equipment. The monthly
generalization of the observation results will permit a more complete re-
presentation of the situation on the network, while the daily data can be
used by the AMTS operational services as monitor information,

The combined observation of long:distance load fluctuations and the res=-

ults of check calls will make it possible to come up with a real statis-
tical picture of the quality of long distance telephone traffic,
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Conclusion. The problems considered here are related to improving the
quality of long distance telephone service and che necessity of more com-
plete accounting for the spectfic features of long distance telephone ser-
vice, for which the following are recommended:

—The calculation of AMTS equipment volume based on the design level of the
long distance load;

~—Determine the set standard for the losses on a switched section of a long
distance network, taking into account AMTS losses;

--Make the measurements of the telephone traffic paramzters and monitor
service quality during the peak load hours of the communications routes;

—-Make systematic check calls at an AMTS.
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CONVERTERS, INVERTERS, TRANSDUCERS

UDC 534.232
BROAD-BAND MATCHING OF PIEZOTRANSDUCERS OF ACOUSTO-~OPTICAL DEVICES
Kiev IZVESTIYA VUZOV SSSR - RADIOELEKTRONIKA in Russian No 3, 1980 pp 98-101

[Article by A. V. Yurchenko, manuscript received 14 Feb 79; after revisionm,
15 June 79]

[Text] The solving of the problem of optimal broad-band matching of arbi-
trary impedance amounts to finding the function of the reflection coeffi-
cient I’ | which must satisfy a number of integral relations obtained from
the conditions of physical feasibility of the matching circuit and for which
the deviation from zero in the prescribed frequency band is minimal ar 1}
= II" 1] max). This solution turns out to be sufficiently simple only for
the case of a load consisting of not more than two reactive elements [1].
Broad-band matching of acousto-optical devices presents considerable diffi-
culties since even the simplest aquivalent circuit of a loaded piezotrans-
ducer shown in Figure la [2] contains three reactive elements Ci'-L1'-Cy',
and the application of the general theory [1] is difficult. Therefore, the
dependence of the resistance of the dynamic branch on the frequency is usual-
ly disgarded in the matching band, and the combination of the frequency~in-
dependent effective resistance and the static capacitance of the piezoplate
is considered as a load being matched [3,4]., However, as will be shown be-
low, such simplification leads in many instances to a substantial difference
of the calculated matching circuit from the optimal one, and it becomes neces-
sary to take the dynamic branch into consideratiom.

e~y |

2peadpesstor
a ; ]

Figure 1
Key: 1. Transducer
2. Load
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The purpose of this work is to design a matching circuit for a load approxi=-
mated by a circuit (Figure la, "transducer') in which the reactances of the
dynamic branch are taken into consideration. In order to evaluate the degree
of the influence of these reactances on the parameters of the coupling cir-
cuit, let us examine an equivalent circuit of the transducer together with
the external compensating inductance Ly'. If the value of L2' is selected
in such a way that the oscillation circuit Fformed by Ly" and Cy' is tuned to
the resonance frequency of the dynamic branch &, then the entire circuit
shown in Figure la which has the structure of a band filter can be replaced
with its low-frequency prototype (Figure 1b, "load"). By normalizing the
reactive elements of the load, it is always possible to reduce the value of
the terminal effective resistance R to unity, For such two-e lement (by the
number of the reactive elements) load, it is easy to synthesize an optimal
matching circuit [1] with a cutoff frequency of W, which is then recalcu-
lated to the band frequency with a passband numerically equal to the pass-

- band of a low-frequency circuit. The function I 1 of such a circuit must

. satisfy two equations obtained from the condition of physical feasibility
[1]:

° .
fln 1) [‘l\dm=n(.41——-22pri>/2.
0 !

®

' 2
Ym’ln 1 F,]dm=—n(.43——3'zp‘3,)/2-

0 [

Here, A1 and A3 are the coefficients of the Taylor expansion of function In
- /|l 1] in the neighborhood of zeros of the transmission coefficient of the
- quadripole L1-C» (Figure 1b), Pri are the zeros of I 1 lying in the right

half-plane of the complex frequency p. Aj is defined only by Ly, A3z~L] and
C2. Depending on the relation of L1 and Cy, the value of the integral in
- the second equation can be greater or smaller than 7(A3/2. If it is greater,

than the optimal tolerance is achieved only by the introduction of zeros of
I' ; in the right half-plane, i.e., by giving up the simple structure of the
matching circuit which is easily realized on the superhigh frequency., If it
is smaller, then the optimal tolerance is achieved by using the matching cir-
cuit with an input shunting capacitance, which increases the capacitance Cj,
This case is the most interesting for use, since the structure of the match-
ing circuit is very simple. :

The limitations imposed on L1 and Cy in accomplishing the second case are
found directly from the condition

_—
oo, 40 24 g
0
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for any type of function I' ;. However, representation of these limitations
in an analytical form is simple only when there is an ideal rectangular form
of the dependence of |I' ] on the frequency. In approximating the rectan-
gular characteristic by functions permitting physical realization of the
matching circuit with a finite number of elements, the value of the integral
will depend on the kind and properties of the approximating function; there-
fore, it is not practical to obtain analytical expressions for some concrete
approximation, In order to find the domain of values of Lj and Cy where (1)
is fulfilled, let us use the curves for finding the values of the elements
of a matching circuit with the Tschebyscheff characteristic for a load with
one reactance of L1l given in [5]. For this, let us examine the value of
L1€2 = Qy/Q, where Qg = WJ,L] and Q = WGy are the quality factors of the
reactive elements of the load on the resonance frequency. It is evident
that, if for the load in question Qg/Q =2 A, where the value of A = L11/C2I
is calculated by the curves plotted for a load with one reactance, then con-
dition (1) will be fulfilled. Having plotted the dependence of A(§ ), where
& = 1/wcly is the decrement of the load being matched on the critical
frequency of the passband J,, we shall find the domain being sought. The
curves of such a dependence for the number of reactive elements n = 4 (Figure
1b) are shown in Figure 2. By using these curves for a prescribed impedance
with a two-element low-frequency prototype, it is possible to find the mini~-
mum value of § min for which it is possible to construct an optimal coup-
ling circuit with a simple structure of a band filter. For smaller J , it is
necessary to accomplish circuits having zeros of I'j in the right half-plane.

, ‘ .05 D
2 YZ Wz ar j
16 7 1 T
o\ \ il B
\ \ i
\ \ N /I J
04 \ \L / ,j&« e 7
05007 0510 i R om0ty (2)
Figure 2 Figure 3
Key: 1., dB
2, MHz

From the analysis of the input characteristics of the loaded piezoplate, it
is easy to establish that the values of Qq and @ do not depend either on ihe
resonance frequency (J, or on the area of the transducer, but are only a
function of the material constants of the piezoelectric and acoustic line.
This makes it possible to find a relative cutoff frequency band Wp,, for
this transducer -- acoustic line combination in which this device can be
matched by means of a simple optimal matching circuit:

Winax = Ocmax/0o = Iléminou .
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For example, for a converter of longitudinal waves made of a 35 degree yz -
LiNbO3 cut using fused quartz, the calculated values of Qg =3.13; Qy/Q =
3.0; 5.min = 0.42, which corresponds to Wyay = 0.76. The values of the -
elements of the matching circuit are calculated either by formulas [1], or
by the curves of [5] for a one-element load. It is evident that, if the de-
- sired matching band is smaller than the critical cne (Jd Ve éT,nin), then
the matching circuit can be calculated by the same method. The maximum val-
: ue of reflection losses Lp pax = 10 1g 1/(1-|T 1l 2max) and the value of the
pulsations of the Tschebyscheff characteristic Ly, r are found by the curves
given in [5].

The above method was used to calculate the matching circuit for an acousto-

optical modulator using fused quartz with an LiNbO3 longitudinal wave con-

verter welded to the acoustic line by the method of diffusion vacuum welding.

The type of the frequency dependence of the reflection losses Ly of such a .
device is shown in Figure 3 (broken curve), The equivalent circuit construc-

ted by the experimental input characteristics had the following parameters: -
Qy=2.94; R=43,4 Ohm; C2'=18.1 picofarads; L1'=108 nanohenries; £188 MHz;
Qu/Q=3.18. The matching band Wz0.68 (and, respectively, Ly pax = 0.33 dB)
were selected in such a way as to eliminate the necessity of using an ideal
transducer in the matching circuit for recalculating the recistance of a
standard 75-Ohm tract., After converting the low-frequency prototype into a
band structure, the calculated circuit was designed and constructed with the
use of elements with lumped parameters. In this case, in order to obtain op-
timal matching, it was necessary to include an output shunting capacitance
increasing the value of the input capacitance of the load being matched Co'.
The calculated passband f.=128 MHz, critical frequencies of the passband

- for=—fo2+VETAFE=1345 g, £1=f-1+£,=262.5 MHz, pulsations of the Tscheby~
= scheff characteristic La, =<2 0.1 dB.

The measured values of reflection losses Ly for an acousto-optical cell with

a matching circuit (curve 2) and without it (curve 1) are shown in Figure 3. -
Some difference of the measured characteristic from the calculated character-

istic can, evidently, be explained by the inaccurate representation of the -
real arrangement of the equivalent circuit, a slight deviation of the values kr
of the elements of the matching circuit from the calculated values, and their
final quality factor, as well as by the presence of parasitic elements which
were not taken into consideration in calculations.

= - The above results indicate that the use of the described method makes it pos=-
sible to design simple matching circuits which widen substantially the band
of acousto-optical devices and decreased the value of reflection losses, -
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INSTRUMENTS, MEASURING DEVICES AND TESTERS,
z METHODS OF MEASURING, GENERAL EXPERIMENTAL TECHNIQUES

UDC 538.57
OPTICAL HETERODYNE METHOD FOR STUDYING SURFACE ACOUSTIC WAVES
- Kiev IZVESTIYA VUZOV SSSR - RADIOELEKTRONIKA in Russian No 3, 1980 pp 94-96
- [Article by Yu. I. Posudin and V, G. Gritz, submitted 5 Feb 1979]

[Text] One of the main problems in studying surface acoustic waves (PAV) is
precise determination of the main parameters of PAV: propagation speed, am-
plitude, attenuation, losses, etc,

This article describes theoretical and experimental studies on PAV by the
method of optical heterodyne detection which was proposed for the first time
in [1]. The essence of this method is as follows: a laser beam is passed
through a polished crystal on whose surface a PAV is excited. As a result

of periodic perturbations of the surface and che refraction index of the ma-
terial of the crystal, the laser beam defracts and its frequency increases
or decreases by the value m§2 , where m is the order of the diffraction;

§2 is the PAV frequency. The difficulty is that the laser beam diffracted
on the PAV is by several orders smaller in intensity in comparison with an
undefracted beam. Therefore, registration of PAV with a rather small ampli=-
tude is a difficult problem. The heterodyne method makes it possible to
avoid these difficulties due to the fact that the laser beam diffracted on
the PAV combines with the refeurence beam which has a rather large amplitude.
As a result of this, the photodetector registers a signal with a differential
frequency §? and an amplitude proportional to the product of the amplitudes
of the diffracted and reference waves., The signal carries information about
the parameters of the PAV,

Let us designate the electric field and the time-averaged optical power of
thediffracted light wave on the photodetector as

Ey=Esin(0+Q)t  Py=05 Y epEl, (1)
where @ -- optical frequency; Yeln =~ parameter characterizing the opti-
cal absorption of the medium. For the reference wave we have:

Eon = Epsin (0f + qp); Py = 0,5V ¢JuE,, (2)
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where Qg -- certain relative optical phase.
Since the photoelectric process is characterized by a linear dependence be-
tween the number of incident photons and the number of the carriers of free
charges, the current of the photodetector can be represented as

1, = nePlhy, 3)
where P -- total optical power at the detector imput; hv -- energy of ome

photon; e -~ electrical charge; 11 -~ quantum effectiveness,

For our case of two waves, the optical power is

P=05Vilp<|Ep+ 5l (4)

(here, the averaging is done over optical frequency).

Substituting (1) and (2) in (4) and averaging, we obtain

P =05 Velj [E2 + 2EoE, cos (R — g) + EZJ. ()

Thus, the current of the photodetector I g contains a component I with
the frequency of the PAV whose amplitude depends on q)o

— 211 —_—
n e "l .
la= 45 V;TE“E" e VPP (6)

Expression (6) shows clearly the advantage of the heterodyne method (182 =
EoE7) in comparison with the method of direct optical detection [2] =
Eq2).

: The above expressions were obtained for a traveling acoustic wave. In prac-
tice, there take place various reflections from the boundaries of the crys-
tal, therefore it is necessary to consider the nature of the PAV propagating

- along the crystal. As a result of this, the light wave diffracted on such a
PAV, will have the following form:

E =Efsin(o+ Qt +Esin(0 -Q)t, ™

where E1+ and E;~ -- forward and backward waves, respectively.

The reference wave will be described by expression (2). In this case, the
average optical power on the photodetector is
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P=05VeluE] + E} + 72+ 25} BT cos 201 -+ 2E,EF cos (R — q) +

B (8
+ 2E4E cos (R + q)).
Oscillations with a frequency of 2{ can be disregarded due to their small
amplitudes. The main contribution is made by the components with a frequency
of £ . It follows from the analysis of expression (8) that, depending on

the phase (P » the amplitude of the photocurrent will be limited by two
© limits:

|EX+E| at g=mn,
IET—ETlat?=U"+mm“

1= (n Jw) V E]RE, (9 -

In the absence of the reflected wave E1”, expression (9) is transformed to

(6).

10
/ 8, -

al g
/
Wl F——
ar a1 Y8
Figure 1 Figure 2

A block diagram of the experimental unit is shown in Figure 1. The laser
beam 1 is split with the aid of the plate 2 into two beams one of which was
used for diffraction, the other as a reference beam. Lithium niobate polish-
ed on two sides was used as the crystal 3 on which the interaction of the
laser beam with the PAV took place. Stripline transducers calculated for 27 h
MHz where sprayed on one of the sides. A GZ-41-type generator 4 was used

for PAV excitation. Diffraction occurred under the effect of the laser light

from the PAV, and with the aid of plate 2, the trajectories of the reference -
beam and the diffracted beam were brought into coincidence and sent to the
FEU-28-type photomultiplier. In order to register the differential signal,
we used a synchronous detection System consisting of a synchronous detector
6, modulator 8, tube 9, photodiode 10, and recorder 7. The work of the syn-
chronous detector is described in [3].

(BT

The method of measuring PAV amplitudes was as follows. In the work [3], the
method of measuring PAV amplitudes by the method of direct optical probing
was described. The authors obtained the dependence of the amplitude A of
the surface wave on the excitation voltage U, of an ultrasonic generator for .
the amplitude area of above 38 (Figure 2, section BC -- direct method). This
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dependence made it possible to connect PAV amplitudes in angstroms with the
values of voltage U, in the heterodyne method both for amplitudes above 34

(section BC in Figure 2), and for amplitudes smaller than 38 (section AB in

Figure 2) which could not be measured by the direct method.

Thus, the heterodyne method has definitely greater sensitivity than the di-

rect method and can be used for precision measurements of the field distri-
bution of surface acoustic waves.
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No 108, 1978 pp 1-2, 104-107

[Annotation and abstracts of papers from the collection edited by Zh. Sh.
Sharshenaliyev (editor-in-chief), A,M. Tsykunov, G.A, Tyunayev and N.A.
Petrovskaya, Frunze Polytechnical Institute, 1978, 108 pages]

[Text] The Identification and Recognition of Dynamic Processes and Signals
Intervuz Topical Collection of Scientific Papers

The papers included in this collection were reported to the professorial
and teaching conference in 1978 at the "Engineering Cybernetics" subsection
at Frunze Polytechnical Institute, The papers are devoted to theoretical

- and applied questions of engineering cybernetics, in particular, the pro-
blem of fdentifying and recognizing dynamic processes and signals.
ABSTRACTS

uDC 621,3,015

THE ESTIMATION AND RECOGNITION OF PULSES WITH SEPARABLE MOTIONS IN PROBLEMS
STUDYING THE ENERGY SPECTRA OF CHARGED AND NEUTRAL PARTICLES

[Abstract of paper by Zh.Sh. Sharshenaliyev and N.A. Petrovskaya]
[Text] ‘Some of the most efficient methods of postdetector signal discrimi-
nation from the viewpoint of the possibilities of using the signals to

estimate and recognize pulses which are close in their waveform and consist
of fast and slow components are analyzed in this paper.
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UDC 621,391.1

A METHOD OF EVALUATING QUASI~STEADY STATE CONTROLLABLE PROCESSOR IN
NONSEARCHING SELF-ADAPTIVE SYSTEMS

{Abstract of paper by N.A. Petrovskaya]
[Text] One method of computing the inverse transfer function of a control
object in terms of the exponential spectra of the input and output signals
is analyzed, functional schematics of the spectrum analyzer are proposed,
where the analyzer is designed around a multichannel orthogonal filter,
and a controllable equalizing device section having a transfer function of
ng(jw) is also proposed.

UDC 621.396.6
A SIMULATOR OF POSTDETECTOR SIGNALS WITH CONTROLLABLE PARAMETERS
[Abstract of paper by Ye.P, Kazantsev and K.E. Eraliyev]
[Text] A simulator of exponential postdetector signals with controllable
parameters is designed which is intended for the alignment and experimental
testing of various types of signal waveform discriminators.

UDC 681.327.12

A METHOD OF FILTERING OUT INTERFERENCE FROM HALF-SELECTED CORES IN THE
MAINFRAME MEMORY OF COMPUTERS ’

[Abstract of paper by A.K. Musulmankulova and S.V. Kuz'menko]
[Text] The application of an orthogonal linear filtering algorithm to the
development of a high speed pulse recognition device, where the pulses are
read out from the main memory of a computer is analyzed,

UDC 62-50
ON THE IDENTIFICATION OF ONE CLASS OF NONLINEAR DYNAMIC OBJECTS
[Abstract of paper by I.G. Ten and A.M, Tsykunov]
[Text] The problem of the parametric identification of the controlled units
of irrigation systems is analyzed, where the units are described by non-

linear hyperbolic partial differential equations with complex boundary con-—
ditions and which are subject to the action of random perturbations.
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UDC 621.316.7

THE IDENTIFICATION OF INDUSTRIAL FACILITIES IN AN SELF~OSCILLATING
CONTROL MODE

[Abstract of paper by V.V, Burlyayev and A,V. Netushil]
[Text] The control of a self-oscillating mode is proposed by means of a
relay regulator with a variable hysteresis loop width, which is easily

made in the form of an independent unit or automated on a digital control
computer.

UDC 621,391,1

THE IDENTIFICATION OF STRUCTURAL ELEMENTS IN THE DESIGN OF A SPEECH CONTROL
SYSTEM

[Abstract of paper by V.N. Plotnikov, V.A. Sukhanov, Yu.N. Zhigulevtsev]
[Text] A method of solving a teaching—identification problem for the
nonderivative (structural) components of speech signals is treated in this
paper, where the procedure consists in the complete automation of the
identification procedure based on the use of automatic segmentation algor-
ithms, the calculation of normalized spectral descriptions of the speech

signal segments which are singled out and the automated classification of
the resulting set of descriptions,

UDC 621.391

- HYBRID (DIGITAL-ANALOG) MATCHED FILTERS FOR DISCRETE FREQUENCY MODULATED
DIGNALS

[Abstract of paper by N. Zhayloobayev]

[Text] A hybrid (digital-analpg) matched filter is proposed for discrete
frequency modulated signals, which combine precision and stability of the
digital circuitry with the computational speed of analog circuitry.

UnC 621,311.338,658,57

ESTIMATING THE PARAMETERS OF THE MAJOR INDICATORS OF ENTERPRISES AND
PREDICTING THEM

[Abstract of paper by M.A. Suyerkulov]
[Text] Equations are derived from a statistical analysis which describe
the dynamic series of the main indicators of enterprises, The parameters

are estimated, A prognosis is made of the parameters of the indfcators
for 1978 and 1979.
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- UDC 621.376.5
A PULSE WIDTH MODULATED SIGNAL ALGORITHM BASED ON A PRECISION CRITERION
[Abstract of paper by M. K. Masimov]

[Text] An optimal pulse-width modulated signal algorithm with respect to
precision and noise immunity criteria is proposed, The algorithm derived

is also optimal for pulse-phase modulated and pulse-frequency modulated
signals.

COPYRIGHT: Frunzenskiy politekhnicheskiy institut, 1978
[236-8225]

B 8225
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ABSTRACTS OF PAPERS ON ELECTROMAGNETIC WAVE AND SIGNAL CONVERSION AND
TRANSMISSION

Moscow TRUDY MOSKOVSKOGO ORDENA LENINA ENERGETICHESKOGO INSTITUTA;
TEMATTICHESKIY SBORNIK, VOPROSY PEREDACHT T PREOBRAZOVANIYA ELEKTROMAGNIT-
NYKH VOLN I SIGNALOV in Russian No 433, 1979 signed to press 14 Dec 79

pp 1-2, 9i-97

[Annotation and abstracts from the book edited by M,Sh, Kulakhmetova: "The
Proceedings of the Moscow Order of Lenin Power Engineering Institute.
Topical Collected Papers. Questions of the Transmission and Conversion

of Electromagnetic Signals", 97 pages, 500 copies]

[Text] This topical collection of papers is devoted to urgent questions
in the transmission and conversion of electromagnetic waves and signals.

The collection contains articles on modeling nonlinear microwave effects

in a gas plasma by means of semiconductors, on a study of a CO2 laser using
an infrared spectrometer and a study of gas discharge microwave detectors.
This series of experimental and theoretical papers belongs to the field of
laser and plasma engineering., Mathematical models of the circuit for the
effect of noise on a phase locked loop, metal=-insulator-metal tumnel struc-
tures and models for the scattering of electromagnetic waves at a cylinder
which is inhomogeneous in two dimensions are treated in a number of the
papers. :

Integral equations are used in the entire series of papers for the solution
of practical problems of diffraction at dielectric solids in free space, in
resonators, in a magnetically active medium and in charged particle beams,
The performance of the relevant numerical experiments makes it possible to
analyze rather complex physical phenomena which are difficult to subject to
a conventional experimental check.

Also treated in the collection are examples of the realization of VHF radio
comnunications by means of polar aurora scattering.
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ABSTRACTS
UDC 621.373.826

MONITORING THE TRANSVERSE MODES OF A CO, BY MEANS OF AN INFRARED
SPECTROMETER

[Abstract of article by Drugov, L. V., pp 3-4]

[Text] A method of monitoring the modal composition of C0y laser radiation
by means of recording the change in the intensity of ome of the output lines
with an infrared spectrometers while slowly tuning the resonator length is
described. The tuning is accomplished by cutting off the water cooling and
turning on the discharge for brief periods of time.

UDC 621,376.239:533.915 .

A STUDY OF A MICROWAVE GAS DISCHARGE DETECTOR OPERATING IN A STEADY-STATE
MICROWAVE MODE

[Abstract of article by Kalinin, V. A. and Lobov, G. D., pp 5-9]

[Text] The characteristics of a gas discharge detector are computed on the
basis of an analysis of the equilibrium equations for charged particles and
their energy, nonlinear effects in the layers near the electrodes and a high
frequency equivalent circuit, Theoretical results are compared with experi-
mental data. It is ascertainmed that the major mechanism for detection in
the steady-state mode is detection at the nonlinear conductance of the layers
near the electrodes,

UDC 621.376.239:533.915

TRANSIENT PROCESSES IN A MICROWAVE GAS DISCHARGE DETECTOR OPERATING IN THE
MICROWAVE DISCHARGE MODE

[Abstract of article by Kalinin, V. A. and Lobov, G. D., pp 9-12]

[Text] The output signal rise time with the actirn of a microwave field
pulse on the detector is analyzed. The results ¢of calculating the outyut
voltage settling time are compared with the ex evimental data. The oui: ..’
signal waveform and the reflected power pulse are qualitatively explained
on the basis of a solution of non-steady-state particle and energy equili-
brium equations.
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UDC 621.391.244:621.3,018.,2

THE ANALYSIS OF SIGNAL SPECTRA BY MEANS OF A MULTIFUNCTION PARAMETRIC
DEVICE

[Abstract of article by Ivanov, Yu. V. and Shtykov, V. V., pp 13-16]

[Text] Based on a comparisen of the transmission factors of a parametric
device and a device which utilizes the spin echo effect, the possibility
of spectrum analysis in the spin device is demonstrated in this paper. The
spin device is understood to be a multifunction parametric device,

It is shown that the spin device, which operates using a dual pulse proce-
dure, can be equated with a signal spectrum analyzer under certain condi-
tions.

UDC 621.376.239

THE INFLUENCE OF LOCALIZED STATES ON THE PROPERTIES OF METAL-INSULATOR-METAL
TUNNEL STRUCTURES

{Abstract of article by Zhgun, S. A. and Shtykov, V. V., pp 16-19]

[Text] An accounting is made of the influence of localized states on the
proper ties of the volt-ampere characteristic of metal-insulator-metal struc-
tures. By using a method of expansion in a Maclaurin series, it is shown
that some experimentally observed features of the coefficients of the series
can be due to impurities and defects in the crystalline structure of the
dielectric.

UDC 621.371:551.510.535

A NUMERICAL SOLUTION OF THE PROBLEM OF RADIO WAVE PROPAGATION IN AN INHOMO-
GENEOUS MAGNETICALLY ACTIVE MEDIUM

[Abstract of article by Kramm, M. N. and Filonov, S. V., pp 20--23]

[Text] A transmission matrix apparatus is used to determine the wave which
has passed through an inhomogeneous layer. The results of the calculations
are represented in the form of curves for the transmittance factor as a
function of the magnitude and direction of the external permanent magnetic
field and the layer thickness.
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UDC 621.384.6

- A FUNDAMENTAL SOLUTION OF THE INTEGRAL EQUATION FOR THE DENSITY DISTRIBU-

. TION OF A SPACE CHARGE IN THE PROBLEM OF THE INTERACTION OF A STRONGLY

E MODULATED CHARGED PARTICLE BEAM AND THE SYNCHRONOUS HARMONICS OF A MICRO-
WAVE FIELD

[Abstract of article by Balashov, V. N., Gavich, V. T. and Zhileyko, G. I.,
pp 24-26]

[Text] A method of solving the integral equation which relates the density
distribution of a space charge to the external electrical field is given.
Special cases of the solution are also given.

UDC 621.384.6

A COMPARISON OF ANALYTITAL AN NUMERICAL INTEGRATIONS OF PHASE EQUATIONS
FOR THE PROCESS OF THE INTERACTION OF CHARGES WITH AN ELECTROMAGNETIC FIELD

[Abstract of article by Azizbekyan, G. V., Sveshnikova, N. N. and Zhileyko,
G. I., pp 27-29]

[Text] It is shown that the errors in calculations using analytical formu-
las and a numerical method for the process of the interaction of clusters
of electrons with aa electromagnetic field, taking into account the space
charge, fall in a range of 10 percent,

- UDC 621.376.019.4

OPTIMAL NONLINFAR CONVERSION IN A PHASE KEYING RECORDING AND CARRIER RESTORA-
TION CIRCUIT

[Abstract of article by Bezuglyy, V. V. and Zhukov, V. P., pp 29-34]

- [Text] Characteristics of nonlinear elements which are optimal in terms of
a signal to noise ratio criterion are determined. The maximum signal to
noise ratios in circuits with optimal characteristics are computed.

UDC 621.396.668

THE STATISTICAL SYNTHESIS OF THE PARAMETERS OF A DUAL CHANNEL ITERATION
PHASE LOCKED LOOP SYSTEM

[Abstract of article by Samoylenko, V. N., pp 34-38]

[Text] The optimal parameters of a dual channel phase locked loop system
are determined on the basis of the criterion of a minimum mean square error.

66

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3

FOR OFFICIAL USE ONLY

UDC 621.391.22/23

THE DETERMINATION OF THE PERMISSIBLE PRECISION IN THE EXECUTION OF AN
ALGORITHM FOR AN OPTIMUM RECEIVER OF BINARY SIGNALS

[Abstract of article by Arapov, S. M., pp 38-42]

[Text] A two-step procedure is proposed for the determination of the per-
missible precision in the realization of an optimal receiver algorithm,

where the procedure is based on the introduction of the concept of the
equivalent shift in the threshold of a resolver. The permissible error
probability and the requirement of minimal receiving system cost are used

as the optimization constraints, An expression is derived for the determina-
tion of the relative tolerance of the receiver parameters.

UDC 621.396.677.3

THE EXCITATION OF A CYLINDRICAL RESONATOR WHERE A DIELECTRIC SOLID IS
PRESENT IN IT

[Abstract of article by Vasil'yev, Ye, N. and Kapustin, Yu. G., pp 43-47]

[Text] A system of integral equations for a dielectric axially symmetric
solid in free space relative to the surface electrical and magnetic cur-
rents is generalized for the case where the dielectric solid is placed in-
side a cylindrical resonator. The nuclei of the new integral equation dif-
fer from the original ones in the existence of an additional term, which
has no singularities.

UDC 621.396.677.3

AN INTEGRAL EQUATION FOR THE PROBLEM OF INTERNAL A%IALLY SYMMETRIC DIFFRAC—
TION AT A DIELECTRIC SOLID

[Abstracr of article by Kapustin, Yu. G. and Kovalenko, A. I., pp 47-52]

[Text] The problem of determining the fields of a resonator perturbed by a
dielectric, axially symmetric solid is treated. A planar non-self-adjoint
boundary problem is formulated with respect to the Abraham potential for
the E mode. A boundary problem, formulated using Green's theorem, which
adjoint to the other houndary problem, is defined. A system of integral
Friedholm equations of the second kind is written. An expression is given
for Green's function for the problem of a circular cylindrical resonator,
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UDC 621.396
THE DIFFRACTION OF A PLANE WAVE AT A DIELECTRIC CYLINDER
[Abstract of article by Sedel'nikova, Z. V., pp 52-55]

[Text] The problem of electromagnetic wave diffraction at a dielectric
cylinder is reduced to an integral equation for the density of the surface
electrical and magnetic currents, which can be solved numerically. An ex-
ample of the calculation of the excitation of a dielectric cylinder by an -
electrical dipole perpendicular to its axis is given.

UDC 538.569:621.396.1

A NEW APPROACH TO THE CALCULATION OF THE CHARACTERISTICS OF ELECTROMAGNETIC
WAVE SCATTERING AT A TWO-DIMENSIONALLY INHOMOGENEOUS CYLINDER WITH AN
ARBITRARY CROSS-SECTION

[Abstract of article by Kuvayev, V. M. and Permyakov, V. A., pp 56-60]

[Text] A new method of determining electromagnetic waves scattered by a
two dimensionally inhomogeneous cylinder is proposed with utilizes a method
of straight lines for calculating the fields inside the inhomogeneous solid
and an analytical extension of the external field at the surface of the
solid.

UDC 538,569:621.315.592
ON USING SEMICONDUCTORS TO MODEL NONLINEAR MICROWAVE EFFECTS IN A GAS PLASMA

[Abstract of article by Korneyeva, T. M., Permyakov, V. A., Slezkin, V. G.,
Steshenko, A. G. and Fedesov, G. Ye., pp 61-66]

[Text] The possibility of using semiconductors to model the self-stress of
a high power microwave field and the generation of the third harmonic, which
arise in a gas collision plasma, is treated. The normal incidence of a
plane microwave pulse on a plasma is described in the framework of element-
ary theory. The results of waveguide experiments with thin plates of sili-
con and modes where they are arranged transversely are given [sic].
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UDC 538,569

- THE COMPUTER CALCULATION OF THE PARAMETERS OF A DISPERSING MEDIUM USING
- BREMERMAN'S METHOD

[Abstract of article by Finat'yev, Yu, P. and Tsel'sov, Yu. G., pp 67-68]

[Text] The determination of the equilibrium chemical composition of the

- medium 1s reduced to the solution of a system of nonlinear algebraic equa-
tions. This system is solved by means of minimizing a function of several
variables. It is shown that this is accomplished most efficiently using
Bremerman's iterations.

- UDC 621,371.332.4,001,5
SPECIAL FEATURES OF AURORAL COMMUNICATIONS LINKS

[Abstract of article by Bubennikov, S. V. and Volovskiy, V., N., pp 69-72]
[Text] The special features of auroral communications links at frequency
of 144 MHz during the years of the "quiet" sun are treated on the basgis of
Processing experimental material. The range of reflection for moderate

and strong auroras is plotted and examples are given of two-way radio com-
munications where one of the stations is located in Moscow.

UDC 538.574.6

~ THE DIFFRACTION OF A PLANE E-WAVE AT A SLOT BETWEEN TWO SEMI-INFINITE
DIELECTRIC PLATES

[Abstract of article by Vasil'yev, Ye. N., Polynkin, A, V. and Solodukhov,
V. V., pp 73-79]

- [Text] The problem of the excitation of a plane electromagnetic wave of a
slot between two semi-infinite dielectric plates is solved numerically using
integral equations with respect to the equivalent surface currents. The
amplitudes of the excited natural waves of the plate were studied as a func-
tion of the slot size and angle of incidence of the plane wave,

UDC  621.371 : 551,510.535

ON THE DEPOLARIZATION OF ELECTROMAGNETIC WAVES WHEN REFLECTED FROM A
MAGNETICALLY ACTIVE LAYER OF AN IONIZED MEDIUM WITH A METAL BASE

[Abstract of article by Kramm, M. N. and Goncharov, V. L., pp 80-86]
[Text] A numerical method of computing the backscatter matrix elements is

proposed for the case of an electromagnetic wave which is normally incident
to a plane layered magnetically active ionized medium, Attention is turned
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- to the process of the transformation of wave polarization when reflected
from the magnetically active ionized medium, which is characterized by the
coefficients of the backscattering matrix, which are located outside the
main diagonal (by the depolarization coefficients). The results of the
calculations are presented in the form of the depolarization coefficients
expressed as a function of the ratio of the gyro-frequency of the electrons
to the wave frequency,

UDC 621.382,323
SIGNAL QUANTIZATION NOISE IN A CHARGE COUPLED DEVICE WITH OPTICAL INPUT
[Abstract of article by Zhurikhin, A. V., pp 86-88}1
[Text] For the case of the optical input of a signal into a CCD (charge
- coupled device), formulas are derived for the calculation of the signal
quantization noise dispersion based on the known energy spectrum of this

signal.

- COPYRIGHT: Moskovskiy energeticheskiy institut, 1979

[237-8225]
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UDC 621.382
CONTROL IN MICROELECTRONIC TECHNOLOGY

Minsk KONTROL' V TEKHNOLOGII MIKROELEKTRONIKI [Control in Microelectronic
Technology] in Russian 1979 signed to press 20 Jun 79 p 2, 311-312

[Annotation and table of contents from book by V. M. Koleshko, P. P. Goyden-
ko, and L. D, Buyko, Nauka i tekhnika,. 1475 copies, 312 pages]

[Text] The authors describe modern problems of the theory and practice of
methods for controlling the defects of crystal lattices and electrophysical
properties of multilayer structures during various stages of manufacturing
semiconductor devices and integrated microcircuits, They give the data and
practical recommendations for controlling the surfaces, structure, and pro-
perties of thin films and phase interfaces of the metal-semiconductor and
metal-dielectric-semiconductor contacts with the use of modern physical re~
search methods.

They examine physical methods of quality control of microwelding and solder-
ing of integrated microcircuits, as well as the problems of optimization
and automation of the control of technological processes with the use of in-
formation on the quality of multilayer structures.

The book is intended for broad sections of scientists, engineers and tech-
nicians of enterprises and design and research organizations of the radio
and electronic industry, and can be useful for instructors and graduate and
undergraduate students specializing in microelectronics.

Tables -- 23, figures -- 108, bibliography =-- 736 items.

Contents
Page
Foreword 3
Chapter I. Main Stages of the Manufacturing and Controlled
Parameters of Multilayer Semiconductor Structures 5
1. Preparation of Substrate Surfaces and Epitaxial Growing
of Thin Films 6
2. Growing Dielectric Substrates in Epitaxial-Planar
Technology 12
71
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3. Diffusion and Ion Implantation in Silicon

4. Creation of Multilevel Metalization of BIS [Large-Scale
Integrated Circuits]

5. Assembly of Integrated Microcircuits

Chapter II. Control of the Parameters of the Surface and the
Transition Layers in the Film-Substrate Contact
1. Control of Deformation and Residual Stresses in Semi-
conductor Structures ;
2. Methods of the Analysis of the Atomic Structure, Chemical
Composition, and Electronic Properties

Chapter III. Control of Electrophysical Parameters of Semicon-

ductor Layers

1. Control of the Thickness of a Monocrystal of Silicon
Structures with Dielectric Insulation (KSDI)

2. Interferometric Method of Measuring the Thickness of
Epitaxial Layers

3. Control of the Thickness of the Epitaxial Layer of Silicon
on Sapphire (KNS) by the Ellipsometric Method in the
Visible Region of the Spectrum

4, Measuring the Specific and Surface Resistances of
Epitaxial Structures with Hidden Diffusion Regions

5. Determination of the Surface Resistance of Thin
Diffusion Layers by the Reflection of Infrared Radiation

Chapter IV. Control of Parameters of MDP [Metal-Dielectric-

Semiconductor]-Structures

1. Measurement of the Thickness and Speed of Etching of
Dielectric Films at Various Stages of Integrated
Circuit Production

2. Fundamentals of the Theory of the C-V-Method

3. High-Frequency C-V-Method

4. Low-Frequency C-V-Method

5. Pulsed C-V-Method

6. Temperature Measurements in the C-V-Method

Chapter V. Control of Parameters of the Metal-Semiconductor
Contact
1. Physical Parameters
2. Electrical Parameters
3. Optical Parameters
4, Mechanical Parameters
5. Mass Transfer of Substance in Thin~Film Conductors

Chapter VI, Quality Monitoring and Controlling the Assembly
Process of Integrated Microcircuits
1. Quality Monitoring and Controlling the Processes of

Microwelding and Soldering by the Electrical Parameters
of the Joint
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2. Quality Mounitoring and Controlling the Processes of
Microwelding and Soldering by the Acoustic Character-
isticsof the Joint

3. Quality Monitoring and Controlling the Processes of
Microwelding and Soldering by the Thermal Character-
istics of the Joint

4. Quality Monitoring and Controlling the Processes of
Microwelding and Soldering by Changing the Parameters
of the Equipment

5. Quality Monitoring and Controlling the Process of Laser
Microwelding

6. Quality Monitoring and Controlling the Process of Elec-
tron-Beam Microwelding

7. Quality Monitoring and Controlling the Process of Plasma
Microwelding

Chapter VII. Optimization and Automatic Control of Technological
Processes
1. Optimization of the Technological Process of the Growing
and Etching Dielectric Films
2. Optimization of Thermodiffusion Technological Processes
in Obtaining Semiconductor Structures
3. Automated Control Systems for Technological Processes

Bibliography
COPYRIGHT: Izdatel'stvo "Nauka i tekhnika." 1979
[269-10,233]

10,233
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LASER BEAMS, COLLECTION OF ARTICLES ANNOUNCED

. Gor'kiy IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY, RADIOFIZIKA in Russian
No 4, 1980 pp 507-508

[Annotation, table of contents and supplementary information for inter-VUZ
collection of articles "Lazernyye puchki" [Laser Beams] edited by N.K.
Berger, Izdatel'stvo Khabarovskogo Politekhnicheskogo Instituta, 1679]

[Text] In this collection are published articles devoted to investiga-
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Annotation

[Text] This book examines the principles of constructing
mainline, zonal and local communications networks. It cites
the designs, characteristics and electrical parameters of vari-
ous guide systems (symmetrical and coaxial cables, waveguides,
light guides, optical and superconducting cables, etc.). It
outlines the theory of transmission through guide systems and

- also the theory of the reciprocal and external influences and
measures for shielding from them. The third edition was pub-
lished in 1974. New material is devoted to the planning, con-
struction and operation of the communications facilities.

The text book is for students in communications institutions of
higher learning, who are studying the specialities of multi-
channel and automatic electric communications.
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PRODUCTION TECHNOLOGY FOR MICROELECTRONIC DEVICES

Moscow TEKHNOLOGIYA PROIZVODSTVA MIKROELEKTRONNYKH USTROYSTV in
Russian 1980 signed to press 15 Feb 80 pp 442-447

[Title, annotation, and table of contents of a book by Ideya
Aleksandrova Malysheva, Energiya, 15,000 copies, 448 pages]

[Text] This book give a general description of the production
. of microelectronic devices, ‘and over-all production require-
ments are formulated. The basic technological methods and pro-
cesses described include mechanical working, cleaning the sub-
strate surface, photolithography, the free mask method, x-ray
and electronic lithography, film deposition methods, epitaxy,
diffusion, and ion doping. Typical manufacturing processes for
bipolar and MDS microcircuits and for thin-film and thick-film
microcircuits are analyzed. Assembly and sealing processes,
problems connected with ensuring quality and efficiency, and
trends in the future development of microelectronics are con-
sidered.

This book is designed as a textbook for students in technical
schools specializing in the production of microelectronic

devices.
Table of Contents
Foreword 3
Introduction . 5
- Chapter 1. General Description of Microcircuit Production 9
1.)l. Basic concepts 9
1.2. Classification and general characteristics of
microcircuits 12
1.3. Development of technology and technical documen-
tation for microcircuits 15
1.4, RPasic processes for IC production technology 19
Test problems and assignments 26
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Chapter 2. General Requirements for Microcircuit

Production
2.1. General requirements for the technological
process
2.2. Requirements for the purity of an air medium and
environment parameters
3. Requirements for processed gases and water
.4. Basic principles of electron-vacuum hygiene
.5. Basic features of microcircuit production
est questions ard asignments

Chapter 3. Manufacture of Semiconductor Plates and Dielec-

tric Substrates for Microcircuits
3.1. General information on the mechanical working of
semiconductors and dielectrics for IC's
Abrasive cutting

3.2,
3.3. Grinding and polishing of blanks for IC structures5l
3.4. Monitoring of plates and substrates after mechan-

ical working
Test questions and assignments

Chapter 4. Chemical Working and Cleaning of the Surfaces

of Semiconductor Plates and Substrates
4.1. General information
4.2. Methods for fluid working of plates and
substrates
4.3, Intensification of cleaning processes
4.4. Typical cleaning processes for plates and
substrates
4.5. Dry cleaning of plates and substrates
4.6. Checking the quality of cleaning for plates and
substrates
Test questions and assignments

Chapter 5. Contact Photolithography

5.1. Basis of photolithography and its applications

5.2. Forming a photoresistive layer

5.3. Forming a photoresistive mask

5.4. Obtaining a configuration for the parts

5.5. Production technology of phototemplates

5.6. Types of waste and ensuring photolithography
quality

Test questions and assigmments

87
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3

43

43
46

55
58

60
60

64
68

71
74

80
82

84
84
94
100
105
111

116
118



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3

FOR OFFICTIAL USE ONLY

Chapter 6. Obtaining a Configuration for IC Film Elements
by Using Free Masks
6.1. Free mask method
6.2. Free mask production technology for thin-film
IC's
6.3. Stencil printing method
Test questions and assingments

Chapter 7. New Lithographic Methods

- 7.1. Non-contact photolithography
- 7.2, X-ray lithography

7.3. Electron lithography

Test questions and assignments

Chapter 8. Thin Film Deposition Methods

Thermovacuum deposition method

Ion bombardment sputtering

. Thermal oxidation

. Deposition of films from the gas vapor phase

. Anode electrolytic oxidation

. Deposition of metals from electrolytes and
solutions

= Test questions and assignments
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Chapter 9. Epitaxial Growth of Semiconductor Layers
9.1. Principles of epitaxial processes
9.2. Methods of epitaxial growth from the gas vapor
phase
9.3, Other epitaxial methods
9.4, Heteroepitaxy
9.5. Local epitaxy
9.6. Doping of epitaxial layers
9.7. Defects in epitaxial layers
9.8. Checking of epitaxial layers
Test questions and assignments
Chapter 10. High-Temperature Diffusion
10.1. Principles of the high-temperature diffusion
method
10.2. Features of diffusion in planar technology
10.3. Ways of performing diffusion
10.4., Defects and checking of diffusion structures
Test questions ud assignments

38

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300020012-3

119
119

122
127
129

130
130
134
139
144

145
145
151
159
161
166

169
171

172
172

178
182
186
190
191
193
197
200

201
201

209
210



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP382-00850R000300020012-3

FOR OFFICTAL USE ONLY

Chapter 11. Ion Doping and Other Methods of Obtaining

Semiconductor Elements
11.1. Principles of'ion doping method

11.2. Distribution of impurity density in ion-doped

layers
11.3. Techniques for the ion doping process
11.4. Advantages and drawbacks .of ion doping

222
222

227
236
236

11.5. Other methods for obtaining semiconductor elements238

Test questions and assingnments

Chapter 12, Metallization of Silicon Structures
12.1. General information
12,2, single-layer aluminum metallization
12,3, Multilayer metallization
12.4, Mulilevel metallization

12.5, Metallization of hinged active elements

12.6.

Defects and checking of metallization quality

Test questions and assignments

Chapter 13. Technological Processes for Manufacturing

Structures for Bipolar Microcircuits

- 13.1. Design and production features of bipolar

microcircuits

13.2. Production technology for bipolar IC structures
with insulation by the p-n junction

13.3. Production technology for bipolar IC structures
with dielectric insulation

13.4. Production technology of bipolar IC structures
with combined insulation

13.5. Production technology for matched IC structures

Test questions and assignments

Chapter 14, Technological Processes for Manufacturing

MDS-IC Structures

14.1. Design and Production Features of MDS-IC

14.2. Production technology for thin-oxide p-channel
MDS-IC structures

14.3. Production technology for metal-thick oxide-
semiconductor IC structures

14.4. Manufacturing technology for MDS-IC structures
with fixed gates

14.5. Production technology for silicon MDS~IC
structures

14.6. Ways of improving MDS-IC quality

- 14.7. Protecticn of semiconductor structures
14.8, Checking dielectric films

Test questions and assignments
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Chapter 15. Production Technology for Thin-Film
Microcircuit Structures
15.1. General information
15.2. Typical circuits and basic stages in the manufac-
- ture of thin-film microcircuit structures

15.3. Production technology of thin-film microcircuit
structures with the use of free masks

15.4. Production technology of thin-film microcircuit
structures with the use of photolithography

15.5. Production technology of structures for thin-film
tantalum microcircuits

15.6. Production technology of thin-film microcircuit
structures with beam treatment

15.7. Rate fitting and protection of film elements

15.8. Checking the production of thin-film microcircuit
structures

Test questions and assignments

Chapter 16. Production Technology of Thick-Film HIC
Structures
16.1. General information
16.2. Basic stages of the production technology for the

passive part of thick-film HIC structures
16.3. Checking the production of thick~film
- microcircuits

Test questions and assignments

_ Chapter 17. Assembly of Microcircuits
17.1. Separation of plates and substrates with prepared
structures
17.2. Basic assembly methods
17.3. Assembly of crystals and plates
- 17.4. Wire diagrams
17.5. Wireless diagrams
17.6. Checking the assembly process
Test questions and assignments

Chapter 18. Hermetization of Microcircuits
18.1. Microcircuit housing
18.2. Hermetization methods in the housing
18.3. Hermetization in different kinds of housings
18.4. Non-housing hermetization
18.5. Quality control of hermetization
18.6. Final operations in microcircuit production
Test questions and assignments
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- Chapter 19. Ensuring Production Efficiency and Micro-
circuit Quality
19.1. Basic trends and problems in microelectronics
during the current five-year plan
19.2. Ensuring the efficiency and quality of micro-
electronics at the present stage of development
- 19.3. Non-destructive testing and improvement of
technology
Test questions and assignments

Conclusion
Test questions and assignments
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SCIENTIFIC ARTICLES ON ANTENNAS

Moscow ANTENNY: SBORNIK NAUCHNYKH STATEY (Antennas: Collection of Scientific
Articles) in Russian No 27, 1979 signed to press 9 June 79 pp 2-3

- [Annotation and table of contents from book edited by A. A. Pistol'kors et
al,, Izdatel'stvo Svyaz', 5000 copies, 184 pages]

[Text] This volume addresses a number of important problems of modern
antenna technology: investigation of high-frequency breakdown in radar an-
tennas, synthesis of director antennas by directive gain maximum, holo-
graphic methods of measuring antenna radiation patterns, modernization of
the radiation pattern control system of the North-South antenna of the
DKR-1000 radio telescope of the Physics Institute imeni P. N. Lebedev of
the USSR Academy of Sciences, and theoretical investigation of the noise
temperature of the RATAN-600 radio telescope.

The authors devote attention to the problem of optimal synthesis of linear
antenna arrays, including unequally spaced, and calculation of the reflec-
tion factor from the open end of a microstrip linme.

This volume is intended for scientists and radio engineers working in the
- area of antennas.

Contents Page

E. N. Kaplan, Yu. A, Lupan. High-Frequency Pulse Breakdown in

Radar Antennas 3
- B. V. Braude, N. A. Yesepkina. Theoretical Investigation of
- Noise Temperature of the Antenna System of the RATAN-600 Radic

Telescope 14
Ya. S. Shifrin, V. A, Usin. On Accuracy of Holographic Methods of
Measuring Antenna Radiation Patterns 26

S. N. Ivanov, Yu. P, Ilyasov, V. T. Solodkov, V. Ya. Shcherbinin.
Modernization of the Radiation Pattern Control System of the
North-South Antenna of the DKR-1000 Radio Telescope of the
Physics Institute imeni P. N. Lebedev of the USSR Academy of
Sciences 38
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B. M. Miakovich. Circular Aperture Radiation Patterns, Optimal
According to the Root-Mean—-Square Criterion in the Region of
Side Lobes
- I. Byalyy. Optimal Synthesis of Linear Antenna Arrays
- I. Byalyy. Characteristics of Unequally Spaced Linear Arrays
- M. Baryatinskiy, V, I, Klassen. On the Problem of Reducing
the Fringe Radiation Level of Antenna Arrays With Distance
Between Radiators d> A
V. N. Rudenko, A, T, Mantula, V. S. Shapurov. Mutual Tm~
pedances Between Antennas of Arbitrary Polarization With
Various Radiation Patterns

V. P. Narbut. Influence of Asymmetry of the Amplitude or Phase
Patterns of an Antenna Exciter on the Polarization Structure
of Radiation of Axisymmetric Dish Antennas

I. A. Gorshkov, L. N. Zakhar'yev, R. A. Petrova. Some Results

of Computation of a Homogeneous Dielectric Cylindrical Lens

Yu. V. Vaysleyb, L. A. Sobchakov. Dipole Near the Plane Inter-

face of Two Media

Ye. A, Sternopolo, L. A. Matveyeva. ''Blind" Zones in Radiation

of Dipole Phased Antenna Arrays

V. A. Mashkov, A. D. Shchukin. Synthesis of a Director Antenna

by Directive Gain Maximum

B. M. Levin, V. P. Razumov. Ground Loss Resistance

M. I. Astrakhan, V, P, Akimov, N. V. Koroleva. Reflective Ac—

tion of Flat Wire Screens Parallel to the Earth's Surface

Ye. G. Pashchenko, V. V, Tikhonov. Input Impedance of a Ver-

tical Loop Antenna Located Above Semiconducting Soil
V. M. Maksimov, S, M, Mikheyev, N. S. Ostroukhov. Synthesis of
a Feeder System Scattering Matrix for a Re~Emitting Antenna
Array

N. N. Gorobets, A, V. Zhironkina, A. G. Zdorov, L, P. Yatsuk.
Asymmetric Cruciform Slot Radiators at Waveguide Ends

R. I. Perets. Adding Signals in Multiple-Arm Directional
Dividers and "Noise" Characteristics of Receiving Antenna
Arrays

Article Resumés
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UDC 681.58

SMALL SIGNAL MODULATORS

Leningrad MODULYATORY MALYKH SIGNALOV in Russian, 2d edition
1980 signed to press 4 Dec 79 p 2, 200

Afitle, annotation, and table of contents of a book by Boris
Andreyevich Kalinchuk and Oleg Aleksandrovich Pichugin, Energiya,
7800 copies. 200 pages/ i

[Text] This book discusses the conversion of small signals
with a dc low-frequency electric current into ac signals.

- The second edition differs from the first, which was published
in 1972, in that a number of new methods for constructing mo-
dulators that have been developed recently are considered; the
sections on the calculation and design of photo- and transistor
modulators, along with those on the utilization of modulators
in technology, are expanded.

- The book is designed for specialists studying the enhancement
of small signals with dc and low-frequency currents; it
will also be useful for graduate students and students at
institutions of higher education.

Table of Contents

_ Introduction 3
Chapter 1. Basic Definitions; Modulator Classification
and Parameters 4
- 1.1. Basic concepts 4
1.2. Classification of modulators 6
1.3. Modulator parameters 9
- Chapter 2. Electromechanical Modulators 57
2.1. Contact modulators 57
2,2. Capacitance modulators 122
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= Chapter 3. Modulators with Unipolar Transistors 127
: 3.1, Characteristics of unipolar modulators ]27
3.2. Rnalysis of bridge circuits for modulators 131
3.3, Parameters of modulators with unipolar transistors 140,
) Chapter 4. Photoresistive Modulators 158
) 4.1. Characteristics of optron modulating elements 158
= 4.2. Analysis of circuits for photoresistive modulators 160
Chapter 5. Methods for Testing Modulators 163
5.1. General information 163
5.2. Methods for determining the electrical parameters
- of contact modulators 165
5.3. Methods for determining the parameters of
capacitance modulators 174
5.4. Methods for determining the parameters of contact-
less modulators of the switch. type 177
Chapter 6. Applications of Modulators. to Measurement
Technology and Automation 183
_ Biblography 198
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SPACE-TIME PROCESSING OF SIGNALS, COLLECTION OF ARTICLES ANNOUNCED

Gor'kiy IZVESTIYA VYSSHIKH UCHEBNYKH ZAVEDENIY, RADIOFIZIKA in Russian
No 4, 1980 pp 505-506

[Annotation and table of contents of inter-VUZ collection of articles

: "Prostranstvenno-vremennaya obrabotka signalov, vypusk 2" [Space-Time

- Processing of Signals, No 2] edited by I.Ya. Kremer, Izdatel'stvo
Voronezhskogo Gosudarstvennogo -Universiteta, scheduled for first quarter
of 1980, 8.5 quires]

[Text] In this collection are discussed questions relating to the crea-
tion and analysis of systems for processing space-time, time and vector-
time signals against a background of noise. An investigation is made of
the characteristics of systems for the space-time processing of signals
and of the advisable principles of their design. The generalized charac-
teristics of processing sys“ems as space-time filters are discussed, along
with questions relating to the creation of such filters. A study is made
- of the optimal space-time filtering of random fields and of an evaluation
- of their parameters. The results are given of the solution to problems
in detecting space-time and time signals both with known and partly un-
known noise statistics. An analysis is made of optimal and quasi-optimal
algorithms for the detection of signals with unknown parameters and of
non-Gaussisn signals. An investigation is made of the characteristics of
acousto-optical equipment for processing radio signals.

CONTENTS

Shmelev, A.B. '"Nonlinear Filtering of Random Fields,' USSR Academy of
= Sciences Radio Engineering Institute.

Korostelev, A.A. '"Generalized Characteristics of Precision and Resolu-
tion," Leningrad Mechanics Institute.

Mel'nik, Yu.A. "Estimation of the Resolution of Coherent Multiparametric

RLS's [Radar Stations],'" USSR Academy of Sciences Main Geophysical Ob-
| servatory.
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Reshetov, L.A. "Application of the Discrimination Approach in Designing
Space-Time Filters," Industrial Radioelectronic Systems Laboratory,
Leningrad.

Lukoshkin, A.P. and Shatalov, A.A. 'Methods of Designing Multibeam
Systems for the Concomitant Scanning of Space," Leningrad Institute of
Aviation Instrument Making.

Markov, L.N. '"Probability Characteristics of the Phase Coordinates of
Spatially Distributed Systems."

German, A.M. and Nakhmanson, G.S. '"Detection of Space-Time Signals
Through Quantized Phase Selection,"” Voromezh State University.

Pon'kin, V.A. and Romanov, A.D. "Analysis of a System for Receiving
Signals with Holographic Subtraction."

Potapov, N.A. '"Feasibility of Employing Acousto-Optics in Processing
Signals in the Fresnel Zone," Voronezh State University.

Khromykh, V.G. and Zuyev, S.A. '"Optimal Algorithms for Space-Time Pro-
cessing of Doubly Quantized Signals," Voronezh State University.

Chulyukov, V.A. "Estimating the Variance of a Nonstationary Random
Field," Voronezh State University.

Makarov, V.F. and Trusov, V.S. "Space-Time Processing and Optimal
Sounding Pulses for Detection,” Tomsk State University.

Dragan, Ya.P. and Yavorskiy, I.N. "Statistical Processing of Space-
Time Signals with a Rhythmic Structure," Ukrainian SSR Academy of Sciences
L'vov Physicomechanical Institute.

Pervachev, S.P. and Perov, A.T. "Comparative Analysis of Radar Range-
finders," Moscow Power Engineering Institute.

Marshakov, V.K. and Trifonov, V.P. '"Detection of a Signal with an Un-
known Energy Parameter,' Voronezh State University.

- Melititskiy, V.A. "Statistical Characteristics of the Polarization
Coefficient of a Partially Polarized Signal in the Presence of Normal
Noise."

Boyko, I.F., Marchenko, B.G. and Shutko, N.A. '"Problem of Nonlinear
Transformations of Linear Random Processes," Kiev Institute of Civil
Aviation Engineers.

Biletov, M.V. and Vassershteyn, I.S. '"Optimal Detector of Stationary
- Non-Gaussian Signals,' Voronezh State Pedagogical Institute.
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Zil'bershteyn, A.M. and Natkovich, Yu.S. "Solution of One Problem in
Detection Under Conditions of Incomplete A Priori Information,' All-
Union Scientific Research Institute of Automated Metrology Systems,
Tbilisi.

Senatorov, A.K. '"Detection of Objects with an Unknown Effective Scatter-
ing Area by Means of a Maximum Similitude Detector," Voronezh State
University. s

Radchenko, Yu.S. and Buteyko, V.K. '"Analysis of the Influence of a
Smoothing Filter on the Accuracy of Estimating the Time Status of a
Complex Signal," Voronezh State University.

Galun, S.A. '"Characteristics of a Quasi-Optimal Algorithm for Detection
. of a Radio Pulse with a Square Envelope Against a Background of White
- Noise," Voronezh State University.

- Fedorov, V.I. '"Reliability of Estimating a Sdignal Parameter When
Using a Threshold Resolver," Voronezh State University.

Zyul'kov, A.V. 'Optimization of the Preselector When Receiving a Radio
Signal Against a Background of White Noise," Voronezh State University.

Pozin, P.A., "Optimal Reception of an Elliptical Polarization Optical
Signal,”" Voronezh Polytechnical Institute.

Kitayev, Yu.I., Yepifantsev, Yu.F. and Konstantinov, M.B. '"Broadband
Ceramic Piezoelectric Transducer for Systems for the Space Processing
of Signals," Voronezh State University.

- Golub, V.A. "Characteristics of the Detection of an Unknown Radio Signal
with an Acousto-Optical Receiver Against a Background of Noise,"
Voronezh State University.

_ Kononov, A.D. and Shul'zhenko, S.N. "Certain Characteristics of the
Effectiveness of the Transmission of Messages Through Magnetoactive
Media,' Voronezh State University.

Orders are to be sent to the following address: 394000, Voronezh, pr.
Revolyutsii, 33, magazin "Kniga-pochtoy."
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QUANTUM ELECTRONICS

T,

UDC 621.378.325
CALCULATION OF ANGULAR CHARACTERISTICS OF LASERS WITH UNSTABLE RESONATORS
Kiev TZVESTIYA VUZOV SSSR - RADIOELEKTRONIKA in Russian No 3, 1980 pp 93-94

Article by N. Ye, Sklyarov, Yu. A. Timofeyev, N, N. Petrov, and V. A, Pat~
sayeva, submitted 23 Jan 1979]

[Text] In order to caleculate angular characteristics of unstable resonators
[1], it is possible to use Tang and Statts' multiwave generation model for
parallel-plate resonators. In this case, the equivalent length L, uivalent
of the parallel-plate system is determined for each type of unstable reson-
ators which are being examined under the condition of the equality of their
diffraction losses.

The criterion of the applicability of the parallel-plate resonator theory
can be written in the following form

ALY < 1N,

where AL -- maximum difference of the optical path in the resonator; A
-- radiation wave length; N ~- number of Fresnel zones.

Tberefore, the Tang-Statts model satisfactorily describes time-averaged angu-
lar characteristics of laser radiation in the case of perfect active models
and resonators.

For a telescopic resonator (Figure 1), L, uivalent ¢an be determined in the
following way. The value of diffraction %osaes of the resonators is deter-
mined by the number of Fresnel zones, For a telescopic resonator,

N=2nn,
. where h -- sag of the output mirror. In the case of a parallel-plate reson-
ator,
- N = DLy

KB

Key: 1. Equivalent :

- 1 . - ] + -
?zszsog diameter of the active element; LEquivalent iength of the re
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From the equality of the Fresmel numbers of two resonators, we obtain
Ly, = D*/8h.

By using the condition of the cofocal nature of the mirrors R1=-(2L+Rj) and
the expression for the enlargement factor of the telescopic resomator M =
| R1] /R2, we obtain

DA(M—1)

- Lyo= ]GL(] _ V] _Dzl(g,‘M_;[_l:)n) (1)

where 1 -- geometrical length of the telescopic resonator.
When performing computations, L in formula (1) should be replaced with
. i 4
Key: 1. Effective Lw__:L__IaJ‘___a_'
)
where 1, -- length of the active element; n -- refractive index of the ac-
tive substance.
The divergence 6 in the case of the multiwave approximation [2]
em:_—mcpA,
where m ~-- number of excited angular types of oscillations;
- 9 == MD.
The number of the transverse types of oscillation under the condition 0‘111

- &&. O is defined by the expression [2]

4 Ty |
.__ma+2mz~;§(.1___;)’

‘/ﬁ;)“

where 6, = 2 In M -- unselective losses of the resonator; 04}1.=2<. 5

-- diffraction losses of the first transverse type of oscillations; n, --
excess over the pumping power threshold.
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Considering the annular extraction of radiation from a telescopic resonator,
the final expression for the valire of the angular divergence © with respect
to the half-intensity level can be written in the form of

- 2M
0=t (m+3r=)-

TFigure 2 shows the curves of the computed dependence of the angular diver-
gence of radiation from the coefficient M for various levels of pumping:

1 -- np=4; 2 -- np=3; 3 - np=2; * -- experimental values of 8 for n,=2.
The computation of diveregence was done for a laser using neodymium ggass
with 1;=62 cm, D-4.5 cm, L-100 cm. As can be seen from Figure 2, there ex-
is:s an optimal value oi M at which angular divergence is minimal.

Experimental checking of this laser showed that the value of angular diver~
gence corresponds satisfactorily to the computed values (Figure 2).
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