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Part (. GENERAL PROVISIONS ON ATR TRAFFLC CeWTROL COM-
MUNICATIONS AND RADIO-RADAR SUPPORT SERVICES

Chapter I. BASIC DEFINITIONS AND REQUIREMENTS ON COMMUNLCA-
TIONS AND RADIO-RADAR SUPPORT SERVICES

1.1. Basic Definitions in Communications and Radio-Radar Support Services

Communications and radio-radar support services are the principal means of
control of air units, subunits and individual aircrews.

Any disruption of communications and operation of RTO [radiotekhnicheskoye
obespecheniye ~- radiotechnical support, rendered in this translation as
radio-radar support services] leads to loss of control, which can lead to
worsening of quality and in many cases to failure to accomplish the assigned
mission.

Air traffic control communications and radio-radar support services are
assigned the following tasks:

rapid transmission and reception of high-priority signals and commands
pertaining to bringing units, subunits, and individual aircrews into the
required state of readiness;
i
reception at command posts of information required by a commander for
decision-making for forthcoming actions;

securement of communication of commander orders, commands and in-
structions to subordinates and receipt from subordinates of reports on execu-

tion of the assigned task, plus various information;

securement of exchange of information between coordinating air forces
in performance of a common mission;

securement of control of aircraft at all stages of a mission, from
takeoff to landing;

securement of control of rear services, which provide air units with
cverything required for the conduct of combat operations.
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A vamuticnt fons and RTO system 1s established in aviation units (subunits)
for accomplishment of these rasks, a system which constlitutes an aggroegate
of communlcations and RTO centers and facllities, {nterconnccted by com-
mmlcations links Ln a specified order in conformity with the commander's
decision pertalning to organization of control.

Communications equipment and radio-radar support services equipment form
the basis of a communications and RTO system.

Communications equipment includes devices performing specific functions in
communications transmission or reception. With the aid of this equipment
communications channels are established, which include the physical environ-
ment and communications line or link, along which signals travel fromthe
point of transmission to the point of reception.

Figure 1.1 shows the principal elements of a communications channel, their
linkage and message passage. The communications equipment of ground control
facilities and aircraft form a transmitting or receiving channel and take
part in transmission of messages from the point of transmission to the

point of reception,
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Figure 1.1. Diagram of Communications Channel

Key:

1. Transmission point

2. Receiving point
Communications links: radio,
radlo relay, wire
4, Terminal device 1
v, Swltehing devie ' 1

. Transmitter

Receiver
Transmitting circuit
Receiving circuit

. Message scnder
Message recelver

-
.

.

-0 D00~

Foanet Toning of slgnals in a communications channel can occur only (f channel
capaclty Vi Is equal to or greater than signal volume V..

Signal volume is characterized by three parameters: duration, energy (amount
by which signal level exceeds noise level), and bandwidth.

Signal duration T, is the time of signal existence,
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Signal energy Q. Is expressed by the ratlo of average signal power ¢ to

average nolse level Py and is determined with the formula
_ . . P, .
- Q._llp—u. . (l.l)

Signal bandwidth F. comprises the continuous band of frequencies occupied
by the signal.
- Signal volume is determined with the formula
Vo T, oF ) 1.2

Channel capacity Vi is determined by the product of the following channel
parameters:
V=T QuFy, (1.3)

where Ty is the time during which the channel is made available for communica-
tion; Qg —- ratio of signal output and noise levels, determined by the allow-
able channel load; Fy -- band of frequencies which the channel is capable of
passing.

A communications channel will pass a signal if
Viave.
Table 1.1 lists the parameters of various communications channels.

Table 1.1. Parameters of Various Communications Channels

Heovox0-, 6
Anuoe:
1 . 2 Copoors nepegsvu npesuwe- | TpeSye.
. HHE YPOB- |UAR 107100
Kamaau ensse 3] &4 Ha J.‘?m. qser0?,
cnos 6 ae Hap Tu
» MUBYYY 0R yposHen
noumex, 4B

7 Cayxosne Teserpadume kana-| 20—50 | 15~20 [ 4—5 |100~120
A4 PaRHOCBAIR
8 Bykeonewaralomue  Kananu | 100—160[ 50—76 | 78 120
npoBoaHOR caf3H

ByxsoneuaratouHe KaHaaw | 100—150| 5075 7—8 1250~500

.pannoceAsy
10 ®@oroteserpapune Kanaaw 60 1200— | 10~=11 | 2400~
3000 . 3100
11 Tenedhouune xanaam 120 - 1718 3100
12 Tenexonosme kavaau -~ 50—76 | 17—18 |250—~500
— 600—1200] 17—18 3100
— o 12000( 1718 | 12000
- no 480001 17—I8 | 48000
13 Teaesuanonune xanans — 107 13-14 | 6,5. 10¢
Key:
1. Communications channels 5. Requisite amount by which
2. Rate of transmission signal level exceeds noise
3. Words per minute level, db
4, Bauds 6. Required frequency band, Hz
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(Key to Table 1.1 . cont'd)

7. Radio communications tele- 10. Facsimile channels

grapty sound channels 11. Telephone channels -
8., Wire communications 12. Telecode channels

printer channels 13. Television channels -
9. Radio communications 4o -— up to

printer channels

Radio, radio relay and wire facilities are employed to establish com—
munication lines or links.

Radio communications facilities are the most important in aviation for

establishing ground communications and the sole means of communicating with -
aircraft. Two-way radio communications are maintained with aircrews to the

extreme range of the aircraft in question. Radio provides more reliable

immediate communications under conditions where it is not possible to

employ other means because of the time factor. Radio communications make

it possible to convey information simultaneously to a practically unlimited

number of aircrews.

Radio-relay facilities are extensively employed for establishing aviation
control facility communication links.

Wire communications facilities are employed to establish communication between
ground control facilities, air bases, as well as communications between air-
craft and communications centers, RTO and control facilities.

Radio-radar support services occupy an important position within the air-
craft control system. They are employed for the acquisition and forming of
information required by control facility personnel for controlling aircraft
and by aircrews for determining their location at all stages of a flight.

Radio-radar support facilities include ground radar facilities, radio naviga-
tion and lighting systems.

Ground radar facilities are primary sources of information on the air situa-
tion and principal means of spotting aircraft in the air.

Radio navigation and 1ighting systems are employed in forming and communicating
information required by aircrews to determine their location in the air.

Table 1.2 lists radio-radar support service facilities, the tasks they perform
and their deployment.

4
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RTQ Facilities, Tasks Performed and Deployment

RTO Facilities

‘J Tasks Performed

Location or Deployment

Detection, guidance,
and identification
radars

Distance-measuring

and altitude-determin-

ing radar

Portable equipment
set oup at cont rol
faciTitles

Radar information «
transmission devices
Information collec-
tion, processing
and display devices
Radar information
documenting devices

Surveillance, con-
troller, and preci-
sion approach radar
Radar transponder-
beacons

Radionavigation
systems
PME vetransmitters

Localizer beacon
and glideslope
transmitters

Ground Radar Facilitles
Detection of aircraft in
the air, determination of
their present coordinates
and characteristics
Determination that aircraft
belong to friendly forces,
as well as individual
identification of friendly
aircraft

Provision of control
Faclllties with radar
information

Aircraft guidance to air
and ground targets
Guidance of aircraft to
specified airspace or
ground targets

In a specifled arca,
with the objective of
establishing a radar
field of the required
configuration, upper

and lower detection
limit altitudes, as well
as with consideration of
eliminating mutual inter-
ference and a minimal in-
dustrial interference level
At air traffic control
factlity locatlons, for
obtaining primary air
situation data

Radio Navigation and Lighting Systems

Terminal area air traffic
control, and glidepath
monitoring

Marking objects, designat-
ing areas, and target
designation

Determination of aircrafts
bearing to or from station
or aircraft's position co-
ordinates

AMrerew determination of
distance to control
facllity (airfield)
Determination of an air-
craft's position relative
to landing approach
course and glide path

5
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At airfields, standard
layout

At specified locations

In a specified location
area, for the purpose
of establishing a radio-
navigation field of
specl fied configuration
At alrfield, control
facillty

At alrfield, standard
layout
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RTO Facllities

Tasks Performed

Location or Deployment

- Lighting systems

Pyrotechnic devices

Ground control
radar

Nondirectional
radio beacons,
radio direction
finders

Runway marking, establish-
ment of artificial
reference points utilized
in takeoff, landing and
airfield ground traffic
in instrument weather and
at night, as well as
marking hazardous
obstacles

Aircraft guidance to
specified areas, signal-
ling, marking control
facilities and establish-
ment of artificial
reference points

Control of aircraft on

the airfield in instru-
ment weather and at night
Aircraft guidance to
designated areas, to air-
fields, marking of
specific objects, designa-
tion of ‘areas, and target
designation

At airfield, standard
layout, at artificial
reference points and on
hazardous obstacles

At specified points, at
control facilities and
artificial reference
points

At or by military air-
field control towers

In a specified area,
for the purpose of es-
tablishing a radio
navigation field, at
airfields, for the pur-
pose of establishing a
landing approach route

1.2. Demands on Communications and Radio-Radar Support Services

Quality of communications and
properties and requirements w
the degree of satisfaction of control requirements,

RTO is nothing other than the aggregate of
hich make it possible objectively to estimate
the expediency and ef-

ficiency o f utilization of communi.ations channels, lines and links, and
radio-radar support facilities.

These demands include pr mptness of organization, reliability, speed and

concealment or securit;.

Table 1.3 1ists the phy.ical substance and quantitative indices of require-
wenta on commmicatlons and RTO,

6
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Requlrement s on Communications and RTO, Quantitative Criteria
ol Thelr Fvaluatton, and Conditlons of Fulflllment

Requirement

Physical Substance

Quantitative Evalua-
tion Criteria

Conditions of Ful-
fillment of Re~-
quirements

Promptness
of Orga-
nization of
communica-
tions and
RTO

Reliability
of com-
munications
and RTO

Readiness of com-
munications and
RTO to perform
air traffic con-
trol at the
designated time

Capability of com-
munications and
RTO to ensure con-
t{nuous, uninter-
rupted air control
under all situa-
tion conditions

Determined by coef-
ficient of prompt-
ness

Ko = "T—:,' . (1.4
where Ty =- time
specified for orga-
nization of communi-
cations and RTO;

Tg -— Lime expended
on organization of
communications and
RTO

Evaluated by several
particular criteria:
by communication
channel coefficient
of good working
order (KID):

n

where Ty; -~ dura-
tion of 1 interval
of communications
channel (equipment)
failure-free opera-
tion, hours;

7
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1. Training and
deployment of com—
munications and RTO
Facilities personnel
2, Skilled actions
of initiative by com-
munications and RTO
unit (subunit) per-
sonnel

3. Good working
order of communica-
tions and RTO
equipment

4. High-quality
performance of
preventive main-
tenance

5. Prompt lssuing
of instructions to
deploy communica-
tions and RTO equip-
ment

6. Advance equipping
of airfields and air
traffic control com~
munications and RTO
facilities

1. Combined employ-
ment of equipment

at communications
and RTO facilities
2, Establishment of
reserve manpower,
communications and
RTO equipment and
the ability to
maneuver and deploy
them

3. Proper servicing
and maintenance of
communications and
RTO equipment and the
performance of
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Requirement

Physical Sub-—

stance

Quantitative Evaluation
Criteria

Conditions of Fulfillment
of Requirements

Authenticity

of communi-
cations and
RTO

Degree of
accuracy of
reproduc-
tion of in-
formation
at the
receiving
point

Tqi —— duration of 1 in-
terruption in communica-
tion channel operation,
hours; n -~ number of
intervals of failure-
free operation during
communication activity;
by the coefficient of
communications down time:

n
E Tnl

Knn:____':.l.—————-

= - (1.6)
2‘1 Tll + 2 Tnl
fual {mo]

The general criterion
of evaluation of com-
munications authentici-
ty is the probability
of correct, undis-
torted reception of in-
formation. Coefficient
of authenticity K, and
coefficient of informa-
tion distortion Ky are
usually taken as par-
tial criteria:

M
Kn=i"ﬂ° (L K'='ﬁ"' (1.8)
where My —- number of
correctly received
characters; My —— num-
ber of characters
received with distor-
tion; M —-- total number
of transmitted
characters.

The total value of the
coefficient of communi-
cations authenticity

and coefficient of dis-

) tortion is equal to 1.

8
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technical measures ensur-
ing their operation in

any and all situation con-
ditions

4. Protection of communi-
cations and RTO facilities
from hostile fire and
electronic countermeasures
5. Securement of electro-
magnetic compatibility of
communications and RTO
equipment

6. Security and defense of
station, communication
links and RTO facilities
7. High degree of special-
ized training of communi-
cations and RTO facilities
personnel

1. Training personnel to
operate communications and

RTO equipment

2. Increasing responsibili-
ty of duty personmnel for
authenticity of received
information

3, Employment of com—
munications equipment

with the smallest coef-

ficient of distortion on
important links

4. Employment of special

equipment enabling one to
find and correct errors
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Table 1.3, cont'd

l&;ﬁ{fﬁ;ﬁﬁ;gmr}ﬁﬁﬂﬁluif.ghh— QunntltuLfﬁ:—anluatlnn Conditions of Ful (11]ment
stance Criteria ol Requirements

Applied to RTO, authen-
ticity is charecter-
ized by objectivity

of formed information
adopted for aircraft

control,
Speed of Capability One determines the 1. Employment of communica-
communica- of communi- |passage time of one tions and RTO equipment
tions and cations and |telephone, telegraph or [with a high throughput
RTO RTO equip- facsimile message from |[capacity
“| ment to the moment it enters 2. Selection of modes of
provide in- | the communications sys- |organization of communica-
formation tem from one control tions and RTO which en-
within the entity to receipt by sure information transmls-
time frame another, This time, sion within the specified
required Ty , 1s formed of time |time frame
for alr of message passage 3. High degree of quallfi-
traffic along the communica- cations on the part of
control tions and RTO system communications and RTO
channel T, and equipment operators and
auxiliary operations aircrews
time Tp g 4, Employment of automated
T =T.+T. . (1.9) information collection,
roe e processing, display and
For telephone com- documenting equipment beth
munications message at ground control facili-
(conversation) passage |ties and on board aircraft
time within the com- [14]
munications and RTO 5. Placement of communica-
system is formed of tions and RTO terminal
waiting time, con- equipment directly at the
nection time, and con- {work stations of military
versation time, control facility personnel
For telegraph (wire- and on board aircraft for
photo) communications, {utilization by the air-
telegram (radiotele~ crew In flight

pram) passage time In a f6,. Ablllty of control
communications and RTO |facility and headquarters

system is formed of personnel personally to
- makeup time at the operate communications

transmission point, and RTO equipment

telegraph station 7. Correct determination

delivery time, waiting |[of volumes of informa-
time for transmission, |[tion for various head-
exchange time, delivery |quarters services, ob-
time to receiving point,| servance of these

preparation time at volumes during transmis-
receiving point, and sion by communications
destination delivery equipment, as well as
- time
9
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Requirement

Physical Sub-
stance

Quantitative Fvaluation
Criteria

Conditions of Fulfillment
bf Requirements

Security of
communica-
tions and
RTO

This proror-
ty of com
munication
and RTO facil
ities makes
it impossible
or extremely
difficult for]
the enemy to
determine the
content of
transmitted
information

As applied to radio-
radar support services,
speed is characterized
by the time required

to convey information
to the control facili-
ty or to the aircraft
whose position in air-
space 1s being deter-
mined.

Information passage
time in a communicatioms
and RTO system can be
average and standard
(allowable), Message
average passage time

in a communications

and RTO system for omne
direction is determined
from ths expression

Teg=——, (1.10)

where Tgpi —-— passage
time of i message;

Standard (allowable) in-
formation passage time
is determined by the
operational-tactical re-
quirements on aircraft
control and is estab-
lished on the basis of
its maximum allowable
value

Determined by that por-

has not been determined
by the enemy in the
course of a specified
period of time and which

for response actions.
It is quantitatively

leg— ’pau
L
cc

Q1T pese™ (1.11)

10

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

Y —- number of messages|]

mployment of standard
ocuments and brief sig-
als for aircraft control
8. Reduction of message
assage time at communica-
tions and RTO facilities
9, Strict monitoring of
delivery of information
to the destination within
the specified time frame

1, Observance of speci-

tion of information whicHfied rules and procedure

lof communication and

t ransmission by communi-
cation links (channels).
2, RTO facilities opera-

cannot be utilized by himtion mode in conformity

vith the situation.
12, Employment of special

determined by the formulaequipment and documents
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Table 1.3, cont'd

Requirement Physical Sub-fQuantitative Evaluation] Conditions of Fulfillment
stance Criteria of Requirements
and the where Ipe —-~ quantity 4, Restriction of the num-
location of of information passing ber of persons authorized
control through the communica- to communicate by com-
facilities tions and RTO system munications channels
and air- (in characters); 5. Increased vigilance
fields Ipays —~ quantity of by communications and
information inter- RTO personnel
cepted and determined;
Tpegg —— time of con-
- duct of reconnaissance

1.3. Types of Communications

Communications of the following kinds are organized with the aid of radio,
radio relay, and wire equipment and corresponding station equipment: telephone,
telegraph, telecode, signal-code, and television. Table 1.4 1lists the area

of application of these types of communication,

Table 1.4, Types of Communication and Areas of Application

Type of Communication Area of Application

Telephone and telegraph Employed for direct communication between of-
ficials of different command echelons, for trans-
mission and receiving of various information
between ground control facilities and between con-
trol facilities and aircrews

Telecode Employed in automated control systems for ex-
change of information between automated air traffic
control facilities, as well as for transmission of
commands to actuating mechanisms or aircraft
guidance indicator instruments [6]

Signal-code Employed for transmission of brief commands and
reports, aircraft callup signals, for mutual
identification between aircraft and ground troops,
naval forces and National Air Defense forces
Television Employed for tranmsmitting and receilving reports,
diagrams, maps, as well as for transmitting
(receiving) moving and stationary images

11
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Chapter 2. MODES OF COMMUNICATION

2.1. Modes of Radio Communications

Radio is one of the most important means of communication in aviation. It
is the only efficient means of communication for controlling aircraft in the
air.

The advantages and drawbacks of radio communications are listed in Table 2.1.

Table 2.1. Advantages and Drawbacks of Radio Communications

Advantages Drawbacks

Capability to establish communication
with control facilities the location
of which 1s not known.

Conduct of communications across
enemy-occupied territory

High mobility
Capability to conduct communication
with mobile objects

Simultaneous transmission of informa-
tion to a large number of stations

Comparatively economical

Possibility of eaesdropping on (inter-
ception of) transmissions and jamming
radio communications.

Determination of the location of a
radio transmitter with the aid of
radio direction finders

Dependence on atmospheric and local
radio interference

Dependence on state of the ionosphere

Possibility of mutual radio inter-
ference and difficulty of electro-
magnetic compatibility of radio equip-
ment operations at communications and
RTO facilities

Effect of nuclear explosions on
operation of radio facilities

The principal modes of radio communications are communication by radio link

and communication by radio net.

Employment of these modes depends on the

concrete situation conditions, the place of radio communications in the com-
munications and RTO system, the degree of its importance for ensuring un~
interrupted aircraft control, volume of flows of information circulating on

communication channels, as well as availability

and equipment.
12
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Table 2.2 contains a description of modes of radio communications.
Table 2.2, Description of Modes of Radio Communications
Mode Substance of Mode Advantages of Mode Drawbacks of Mode
Radio Effected between two Simplicity of execution, fConsiderable expen-—
communi~ |control facilities high communications diture of radio com-
cations J(headquarters) or channel throughput munications manpower
by radio fbetween individual capacity. Capability of land equipment
link aircrews obtaining duplex chanrels Difficulty of con~
for telecode communica- {duct of collective
tions. Comparatively transmissions
high degree of communicadConsiderable flow
tions security. High of radio data
reliability
Radio Effected between Less expenditure of Less transmission
_ communi~ |three and more con- radio communications security, through-
- cations trol facilities personnel and equipment |put capacity and
by radio J(headquarters) or as well as volume of reliability in com-
net between individual radio data in com~ parison with radio
- aircrews parison with radio link. [link
Collective transmission
capability

Communication by radio link can be effected directly between two radio sets
or via an intermediate (relay) transceiver at one or several frequencies,
Table 2.3 contains different varlants of communication by radio link and
operating procedures.

Table 2.3, Radio Link Communication Variants

Radio Link Variant Operating Procedure Graphic Representation

K

Radio 1ink on one
frequency without

Terminal sets transmit
by turn, that is, only

£

J

relay simplex communication |Main set Other set
is possible Figure 2,1. Radio Link on Single
Frequency
Radio link on one Employed in those —e
frequency with cases where it is im- 4(4’ Y f- ] ; £ (g
relay possible to establish (@%ﬁ/
direct communication Ré;;"_
between two trans- Main set Y Other set

ceivers, and is cf-
feeted via an inter-
mediate transceiver
(relay)

Figure 2.2. Radio Link on Single
Frequency With Repeater

13
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Operating Procedure

Graphic Representation

Radio ink on two
frequencies without
repeater

Radio 1ink on two
frequencies with
relaying

Radio link on four
frequencies with
duplex relaying

Radio link on two
frequencies employ-
ing automatic relay-
ing

Terminal sets can
gimultaneously trans-—
mit and receive in-
formation, that is,
operate in duplex
mode

Terminal sets trans-
mit on ae freqency and
receive on another.
Sequential transmis-—
sion (simplex relay-
ing) is performed at
an intermediate
point

Terminal sets receive
and transmit on dif-
ferent frequencies.
Duplex relaying is
performed

Terminal sets each
transmit and receive
on their own frequen-
cy. Simplex relaying
is provided

- [
oy 4 1l§‘|
A 4 a!
-9 |G
Main set Other set

Figure 2.3. Radio Link on Two
Frequencies Without Repeater

—— -
@ s 8
A 4 &t 4 K
- L =Jd _L_.J
Main set Relay Other set
Figure 2.4. Radio Link on Two

Frequencies With Repeater

) ot
INEE QAR RN
Al % L4 |8
- Copwiiper)
Main set Relay Other set

Figure 2.5. Radio Link on Four
Frequencies With Duplex Relaying

rara

K { %
i K1 #
psmoranmuvecns
\oomgrraman )
Automatic
Relaying

Figure 2.6. Radio Link on Two
Frequencies With Automatic Relaying

Main set Other set

Communication by radio net, in comparison with communication by radio link,

requires less radio equipme
These positive propertics o

nt and provides collective transmission capability.
f the radio net promote its extensive employment

in organizing radio c~mrunications for air traffic control.

Operation of tramsceive™s in a radio net, depending on importance and func-

tion, can be organized on a common frequency,

on different receiving and

transmitting frequencies, on transmitter frequencies and on listening watch

frequencies.

Table 2.4 contains radic net communication variants.

14
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Net Communication Variants

Radio Net
Variant

Operating Procedure

Graphic Representatlor

Radi net on
a common
frequency

Radio net on
- receiving
and trans-
mitting
frequencies

Radio net on
. transmitter
frequencies

Radio net on
listening
watch
frequencies

2,2,

All radio sets tuned to one
frequency. Radio communica-
tions are effected by any
two sets, while the remain-
ing sets in the radio net
operate on receive. Ex-
tensively employed in air
traffic control
Transmitters are tuned to
one frequency —-- transmis-
sion frequency, and
receivers to another
frequency -- receiving
frequency

Each transceiver in the
radio net transmits on an
assigned frequency and
receives information on the
operating frequencies of

the other transmitters in
the net. Radio net members
should have an additional
receiver for each other
member of the net

Each member is assigned its
own listening watch frequen~
cy. Required callup is per-—
formed by tuning transmitters
to the listening watch
frequency of the element to
be called. Reply to callup
and exchange between radios
is performed at the listen-
ing watch frequency of that
radio which makes the
inttial eall., Only brierl
communication s conducted
on listening watch frequen-
cles

K AKX

Main set Other sets
Figure 2.7. Radilo Net on
Common Frequency

7

KKK

Y

Main set Other sets
Figure 2.8. Radio Net on Trans-
mitting and Receiving Frequen-
cles

& UM

Main set Other sets
Figure 2.9. Radio Net on Trans-
mitter Frequencies

ALK Re

Main set Other sets
Figure 2,10, Radio Net on
Listening Watch Trequencies

A

Modes of Radlo Relay and Line Communications

Radio relay communications can be set up by link, net and main artery,
depending on situation, manpower and equipment availability (Table 2.5).

15
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Description of Modes of Radio-Relay Communications

Mode

Substance of Mode

Advantages of Mode

Drawbacks of Mode

Radio-relay

communica-
tions by
link

Radio-relay

_communica-
tions by
net

Radio-relay

communica-
tions by
main ar-
tery

Communications are

directly between
them

{

Communications be~-
tween higher-
echelon control
facility and subor-
dinate entities are

with the aid of a
single radio-relay
station; stations
of subordinate con-
trol facilities
operate on listen-—
ing watch mode and

the request of the
radio-relay station
of the higher-
echelon control
facility
Communications be-

control facility,

subordinate and co-
ordinating cntities

in the direction of
displacement of the

ordinate units

effected between two
elements by a radio-
relay link constructed

effected in sequence

transmit by turns at

tween higher-echelon

are effectcu by radio-
relay 1inl: constncted

higher-echelon facfli~
ty or one of the condty.
trol entities of sub-links

High reliability.
throughput capacity.

ty of transmissions

unications personnel
and equipment expen-

data flow at higher-

ty.
nize radio-relay com-
munications with
limited means at a

facility

facility.

ties. High degree of

16
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Simplicity of execution.
High

Comparatively good secur|

Small radio-relay com-

diture and small radio

echelon control facili-
Capability to orga-

higher-echelon control

Small radio-relay commu-
nications personnel and
.|equipment requirements
at higher-echelon contwl
Capability to
establish collective com-
munications with several
subordinate control en-

communications flexibili
Long communication

Considerable expen-—
diture of radio-

relay communica-

tions personnel and
equipment at higher-
echelon control
facility. Difficulty
of designating frequen-—
cies at communications
center and RTO of
higher-echelon control
facility

Complexity in organiz-
ing radio-relay com-
munications, insuf-
ficient flexibili-

ty and reliability.
Poor resistance to
jamming

Complexity of organiza-
tion of radio-relay
communications and in-
adequate communica-~
tions reliability.
Poor throughput
capacity. Necessity
of constructing links
for branching com-
munication channels

to control entities.
Difficulty of allocat-
ing channels on radio-
relay communications
Imain artery
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When catablishing radfo-relay communicatfons hy any of the above-=llated modes,
it fs essentlal thoroughly to take topography Into account, by plotting
topography profiles between stations. The relay link profile constitutes a
vertical topographic section with all elevated points, including forest and
various man-made structures (Figure 2.11)

‘ .
<
KN
) o
f Hynesod yposews unt
yoooens aops Y
s
<
A A
A .
]

Figure 2.11. Radio—Relay Communications Link Profile

Kev:
1. Zero level or sea 2. Inhabited locality
level

A radio-relay link route is selected on a map of a scale of 1:50,000 or
1:100,000, A map with a scale of 1:25,000 can be used for route selection
on stretches with complex topography. After the route has been selected,
relay hop profiles are plotted. All elevation high points are laid out not
by radii as in actuality but on the Y axis, and distances not by an arc of a
circle but on the X axls. An arbitrary zero level, or sea level, from which
all clevations are figured, is in the form of a parabola and is calculated
with the formula :

R} 2.1

=2 K(1—=K), @

Y 2R,K( K)

where Y is the present heights of the datum line, in meters; Ry -- length
of radio-relay hop, km; Ry -- equivalent earth's radius, km; K -~ relative

coordinate of the specified point.

The relative coordlnate of the specified point 1s a dimensionless quantity
and is determined from expression

K= @2

where R; is distance to present point, km.

Points on the datum line can be determined from the graph In Flgure 2,12,

17
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Figure 2.12. Graph for Computing Datum Level

In practice relay hop profiles are plotted for a geometric earth's radius.
1t is advisable to observe the following sequence:

1) connect by a straight line on the map the points of the proposed
location of the terminal stations of the relay hop;

2) place a line representing the datum level —- the points on this
line are to be determined with formula (2.1) or from the curves in Figure 2,12;

3) take from the map and place, counting from the datum level, profile
point clevation marks ~- different distances from the terminal relay stations
and connecct them with a solid line;

4) place local features on the profile;

5) taking into account relay station antenna height, join them with
straight line AB; the distance between line AB and the hop route profiie is
called clearance (Figure 2.11).

Clearance AH is determined graphically at the highest point on the profile.

Relay hops are divided into three types, depending on amount of clearance:
open, semi-open, and closed.

_ 18
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We debtne as anopen hop one Tor which the relaclon Ally Mg applics, wvhere Hy
s that clearamae at which the Field ar the recelving polnt ts cqual to a
free-space field, and is determined with the formula
1
Hi= )/ 3 RAK (1 —K) 23

Quantity Hyp can be determined with the nomogram in Figure 2,13,
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Figare 2,13, Nowogram lor Determining HU

On a semi-open relay hop the clearance is less than that with which the

field at the receiving point is equal to a free-space field, that is,
H()}ﬁH‘\ 0.

For closed relay hops clearance is always less than zero. Communications
are effected in a normal manner on relay hops employing meter-band relay
stations and calculated to be open and semi-open.

For centimeter—-band relay links, actual clearance is compared with allowable
clearance indicated in station specifications.

When constructing radio-relay links in the meter-band with hops not exceeding
50 km, there is no need to plot a route profile for each hop. It suffices

to evaluate the existence of line-of-sight and value of line-of-sight
blockage by local features AH, then calculate with the formula

AH = wg'w ~(Hyp+ 1), (2.4)

where Hy, Hy are the geographic elevations (taken from a map) of the relay
station antenna locations for that hop, m; hy, hp -- elevations of relay

station antenna supports, m; H'TP -- elevation of the highest obstacle along

19
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the relay path, m; Y == clevation of arbltrary datum level (sea level) at
the point of the highest obstacle on the relay hop, m.

& B

Figure 2.14. Radio-Relay Communications by Route

-

l fi./ .
N\
\
7\
\

Figure 2.15. Radio-Relay Communications by Net

Figure 2.16. Radio-Reluav Communications by Main Artery

Elevation of the arbitrary datum level (sea level) at the point of the highest
obstacle can be determined with sufficient accuracy for practical purposes

with the following formula:

.
Y= _’;%. @5
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If after calculatlons we obtain AH>0, the hop between these stations will

be open and communications will be assured.

When AHKO0 the relay hop will

be closed and communications will not be possible; it will be necessary to

gelect a4 new route,

Figures 2.14-2,16 contain a graphic representation of wmodes of radle-relay

communications.

l.Line communications in aviation are set up at airfields, within airfield com-

plexes, and at control facilities,

Line communications are organized in all

cases between control entities within airfield complexes if the situation
permits and if manpower and equipment are available,

Line communications are

Table 2.6, Description

described in Table 2.6.

of Line Communications

Advantages of Line Com-
munications

Drawbacks of Line Com—
munications

Types of Communications
and Thelr Execution

Convenience of communi-
cation. High degree of
communications securi-
ty. Little dependence
on season, time of day
and state of the
atmosphere, Capabili-
ty of obtaining a large
number of communica-
tion channels (n a
single clreult with

the aid of multiplex-
ing., High throughput
capacity of communica-
t lons routes. High
degree ol communica-
tion channel reliablli-
ty

Considerable manpower
and equipment require-
ments for constructing
(laying) communication
lines.
ity in constructing
(laying) communication
lines. High degree of
vulnerability to
hostile fire,
ity of construction
(laying) of wire com—
munication lines on
enemy-contaminated and
difficult terrain

Little flexibil-

Complex-

Telephone communications
are effected by wire lines,
both low- and high-
frequency.

Telegraphic communications
employ high-frequency tele-
phone channels multiplexed
by audio frequency tele-~
graphy, as well as single-
wire and double-~wire com-
munications lines, as well
as telephonc circuit mid-
points multiplexed by
hybrid coils.

Telecode communications em-—
ploy telephone channels
multiplexed by audio frequen-
cy telegraphy equipment.
Signal-code communications
employ wire lines and com-
munication channels.
Television communications
employ wire communication
lines and channels

There are two possible modes of organizing line communications, depending on
situation, available time, personnel and equipment: by route, and by main

artery (Table 2.7).
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Table 2.7. Description of Modes of Line Communications

Mode

Substance of Mode

Advantages

Drawbacks

Line communica-
tions by route

LLine communica-
tions by main

artery

Communications are
effected between two
control facilities
by wire line con-
structed (laid)
directly bhetween
them
Communications
between higher-
echelon control
facility and sub-
ordinate entities
employ a wire line
laid in the direc-
tion of displace-
ment of the higher-—
echelon control
facility or one of
the control enti-
ties of the sub-
ordinate units

Simplicity of or-
ganization, High
traffic capacity.
High reliability
and security of
communications

Smaller manpower
and equipment re-
quirements in com-
parison with the
route variant.
Capability of ob-
taining a number
of communication
channels on one
circuit with the
aid of multiplex-
ing equipment

Considerable man-
power and equipment
requirements.
Little flexibility

Poor communications
reliability, high
degree of vulner-
ability to hostile
fire. Low traffic
capacity

Figures 2.17 and 2.18 contain a graphic representation of line communications

modes.

Figure 2.17,

Figure 2.18,

u\w
x
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Line Communications by Route

Line Communications by Main Artery
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Modes of Signal Communications

Signal communications are employed to perform missions of aircraft control.
They arc employed at aviation control facilities, air bases, and communica-
tions and RTO complexes.

R Visual, aural and radio-radar means are employed for signal communications.
Table 2.8 lists possible modes of signal communications.

Table 2.8.

Modes of Signal Communications

Mode Designa-
tion

Potential Area of Employment

Methods of Implementa-
tion

Visual means

Aural means

Radio-radar
means

APPROVED FOR RELEASE: 2007/02/08:

Control of aircraft in battle dis-~
positions.

Aircrew communications with one
another and with control facili-
ties (airfields).

Transmission of brief commands,
reports and aircraft call sig-
nals on the battlefield.

Mutual identification between
aircraft and ground troops, and
aircraft target designation.
Coordination between aircrews

and air subunits and between air-
craft and ground troops.
Designation of friendly troops

and the forward edge of the

battle area.

Transmission of signals and com-
mands to place troops and installa-
tions on a required combat-ready
status. [Exchange of information
between control facility personnel
and aircrews

Determination of nationality and
individual identification of air-
craft. Mutual identification and
target designation between air-
craft and ground troops
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Personal example of the
commander in the battle
disposition. LEmploy-
ment of aircraft running
lights, landing lights,
signal cartridges.
Signaling with smoke
flares, signal cartridges,
smoke generators, hand
grenades and searchlights.

Aural signals of differ-
ing frequency, duration
and discreteness

Transmission of coded
response signals from
aircraft on request of
troops, at designated
points. Issuing of
specified signals by
ground troops when co-
ordinated-action aircraft
approach battle line,

on request of aircrews
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Chapter 3. MODES OF AIR TRAFFIC CONTROL RADIO-RADAR
SUPPORT SERVICES

3,1. Modes of Air Traffic Control Radar Support Services

Ground radar support activities conmstitute an aggregate of measures directed
toward prompt and timely acquisition, collection, processing and issuing to
control facilities of information on the iocation of aircraft in a given ailr-~
space area.

The success of ground radar support activities is directly dependent on the
quality of information on the location of in-air aircraft, received by con—
trol facilities. Radar support services are characterized by a number of
parameters, the principal parameters among which are the following: informing
points, composition of informatiom, discreteness of information presentation,
and information accuracy. These parameters are described in Table 3.1.

Table 3.1. Description of Radar Support Service Parameters

Parameter Description of Parameter
Informing An informing point is a designated point the approach to which
point by air targets initiates transmission of information to the

control facility ca the positional location of said aircraft.
The required distance to the informing point for providing
radar -upport to fighter units is determined with the formula

Appy = Spas + VuToomp:, @.0)

where Spg -- fighter-interceptor engagement point (determined
from s.rambling airfield); Vy -- speed of target; Towp -—-
time required from initiation of information transmission to
interceptor arrival at engagement point.

The required time is calculated with the formula

Tnotp w=lantler s, 62
where tgyqg -—— radar information time lag; tge --— time re-
quired to ready alert aircraft to scramble; tgp -— time re-
quired for takeoff and flight to the intercept point
24
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.1, cont'd)

Description of Parameter

Composition of
information

Discreneness
of informa-
tion presenta-
tion

Accuracy of
information

Information includes the following data on aircraft in the
designated airspace required by control facility personnel:

present positlon data on each air target (in a polar or
rectangular coordinate system);

result of overall and individual identification of car-
gets (aircraft);

composition of aircraft groups (for concentrated tar-
gets);

characteristics of possible target action
Discreteness of information presentation is determined
proceeding from the condition of providing control facilities
personnel with the requisite uniformity of picture on the ac-
tual location of aircraft in the designated airspace, ex-
cluding the possibility of confusion on flight paths and
prompt detection and reporting of manecuver and redeployment
of group target formations. The least degree of discreteness
is established for targets possessing the greatest tactical
Importance within a given time segment. Discreteness of in-
formation presentation is greater for less important targets
than for other air targets )
Accuracy of information depends on the content of control
tasks being performed at the control facility and should
not diminish control effectiveness, Accuracy of information
on the positional location of aircraft should be adequate for
well-substantiated combat action decision making and control
of aircraft. WMeeting of the requirements imposed on accuracy
of radar information is secured by employing radars with the
best accuracy characteristics and selection of optimal radar
support methods

Depending on the councrete situation, there are three possible modes of provid-
ing ground radar support activities: plotting board, scope, and automated

(Table 3.2),

1 Table 1.2,

Deseription of Modes of Providing Radar Support Activities

Mode

Substance of Mode

Advantages of Mode

Drawbacks of Mode

Plotting
board

Specifies eyeball read-
ing of information on
radar scopes and manual
information processing
with the employment of
rudimentary means of
mechanizing individual
operations., Informa-
tion 1s displayed on
plotting boards at con-
trol facility

Simple in organization.
Possesses a high degree
of reliability. Enables
one to display informa-
tion on the location of
aiveraft practically
without area size limita-
tion

25
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play and little
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capability.
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time lag
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(Table 3.2, cont'd)

Mode

Substance of Mode

Advantages of Mode

Drawbacks of Mode

Scope

Automated

Implementation of each of the above
dependent on the specifications and

Consists in utilizing
information on aircraft
location directly from
remote radar displays.
Information can be fed
to the control facility
by cable or radio relay
links

Provides for automated
information output from
radar displays, auto-
mated information
processing, transmis-
sion and display on
special screens and
plotting boards at
control facilities [14]

Provides a high degree of
accuracy and reliability
of aircraft position
determination., Practical-
ly no time lag

Possesses a high degree
of accuracy of informa-
tion display. Enables
one to obtain sufficient-
1y high-quality informa-
tion from distant radar
sites. Possesses a high
degree of information
capability. Provides
combining of information
acquired by various
detection methods, which
increases reliability of
radar support activities
under conditions of jam-
ming

Area of determina-
tion of aircraft
location 1is
limited by the
coverage zone
of the radar
providing the
information
Imposes greater
demands on com-
munications
channels as
regards
reliability of
information

modes of radar support actilvities is
characteristics of the utilized equipment
and their deployment, which determines the structure of the radar field [el.

The radar field is that space within the boundaries of which deployed
radar facilities provide determination of the position of aircraft with a
probability not below a specified figure.

A radar site in a rada

7ield forms an elementary component within which com-

plete information is obt.ined on the position of aircraft. Mutual contact or

overlapping of complete information zones of adjacent radar sites ensures the
establishment of a solid radar field.

The structure, dimensions and shape of a solid or continuous radar field are
characterized by quantitative indices called field parameters (Table 3.3).
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Table 3.3. Parameters of a Continuous Radar Field

Parameter

Definition of Parameter

Boundary of radar
field at given
altitude

Altitude of lower
boundary of radar
field Hy

Altitude of upper
boundary of con-
tinuous radar
field Hp
Coefficient of
continuous radar
field overlap at
a given point Kn

A closed line obtained by intersection of the {ield with
an imaginary surface equidistant from the surface of the
earth (sea) at all points, When plotting [leld hounda-
ries at low altitudes the altitude of the intersecting
surface is figured relative tc each topugraphic relief
point. At medium and high altitudes topographic relief
has no effect on the shape of field boundaries, and
therefore the altitude of the intersecting surface is
figured relative to sea level

Minimum altitude figured from terrain relief at which
the position of aircraft can be determined by at least
one radar at every given moment in time

Maximum altitude relative to sea level at which the
position of aircraft is determined by at least omne

radar at each given moment in time

A whole number corresponding to the number of radar
sites, the zones of complete information of which mutual-
ly intersect at a given point, The coefficient of over-
lap characterizes the multilayer nature of a continuous
radar field at each point, which increases the rellabili-
ty of determination of the position of aircraft

3.2. Air Traffic Control Radio and Light Signal Support Services

Radio and light signal support services comprise an aggregate of measures
aimed at promptly conveying to aircraft information required by aircrews to
determine their positional location.

Presently employed for radio and light signal support services are ground
radio, light and signal devices which, in combination with airborne equipment,

form the following:

aircraft landing systems;

radio azimuth measuring systems;

radio azimuth-distance measuring systems;

radio distance-mcasuring systems;

radio difference-ranging systems [Loran],

Table 3.4 specifies the area of application of these systems.
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Table 3.4. Arca of Application of Radio and Light Signal Support Services

System Area of System Application

Aircraft landing Employed for forming and conveying to aircraft information

_ system needed by the aircrew to execute takeoff and departure,
approach the destination and to plot a landing approach
path

Radio azimuth Forming and communication to aircraft of informa-

measuring system tion on the basis of which an aircrew determines
its line of positlon or positional location in the

air
Radio azimuth Utilized to form and convey to aircraft information with
and distance the aid of which aircrews determine their present posi-
measuring system | tion coordinates
Radio distance- Employed for forming and conveying to aircraft information
measuring and on the basis of which aircrews determine their present
difference- position
ranging systems
A alreraft landing approach system Is set up on the basis of combined
utflizatfon of radars, radlo navigation, communication equipment and 11ights.
It provides alrerews with Informatlon required to cxecute takeoff and land-

ing in Instrument weather and at night. These facilities are deployed at
airfields on the basis of standard arrangements. These arrangements can be
varied on the basis of the specific topography adjacent to the airfield.

A radio azimuth measuring system determines the bearing from an aircraft to
a ground control facility (station)., The system can be one of two variants:

a non-directional radio beacor on the ground and a radio compass on
the aircraft (PAR-ARK);

a radio direction finder on the ground and an airborne communications
transceiver (ARP-airborne transceiver).

Table 3.5 contains a description of radio azimuth measuring system layout

variants.

Tabte 3.5, Deseription .1 Radio Azlmuth Measuring System Varlants

Vartant Capablltty '+ Detevmine JAdvantages of Varlant Drawbacks of
Parameters of Aircraft ) Variant
Position

PAR-ARK Continuous determination]Simplicity of organiza-|Limited utilized

of bearing to NDB [non- |tion. Capability to frequency capabil-
directional beacon], as |solve diversified navi-|ities. Effective
well as distance to NDB }gation problems. Un- range determined

if the aircraft carries |limited traffic capaci-|by nature of under-
a navigation display. ty. Comparatively longjlying ground surface
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(Table 3.5, cont'd)

Variant

Capability to Determine
Paramcters of Aircraft
Position

Advantages of Variant

i
' Drawbacks of

Variant

ARP-air-
borne
trans-
ceiver

Capability to provide
guidance into a desig-
nated area, homing to
the destination field
and determination of
final approach course
lineup with runway
centerline, as well as
execution of approach
sequence

Determination of bear-
ing (azimuth) to air-
craft with operating
transmitter on the
scope of a ground radio
direction finder with
subsequent communica-
tion of this informa-
tion to the aircraft
by radio. Monitoring
of aircraft flight
path, entry Into
designated zone,
guidance to airfield,
as well as execution
of approach procedures.
Determination of
locational position

of aircraft

effective range,

little dependent on
aircraft's altitude.
High degree of reliahil-
ity, security and
resistance to jamming.
Capability to deter-
mine aircraft position
with two NDBs at dif-
ferent locations

No need for additional
airborne equipment.
Relatively high degree
of security, due to
the fact that a ground
radio DF operates on
receive, Capability
to perform all tasks
possible with PAR-ARK

and time of day.
Poor accuracy

of bearing deter-
mination, as well
as relatively poor
accuracy and ef-
ficiency of
determination of
aircraft posi-
tion from two
NDBs

Limited traffic
capacity. No
continuous air-
borne position
line display.
Limited vhf-uhf
range, determined
by aircraft al-
titude

A radio azimuth and distance measuring system (UDS) forms and conveys to air-
craft a considerably larger volume of information than an azimuth measuring
system., Utilizing this information, aircrews can monitor their position line
and positional location, can guide their aircraft to a designated point or
area and, in conjunction with lighting equipment, can land their aircraft in
instrument weather and at night,

Iigure 3.1 contalns a diagram of the effective area of a ground azimuth and
distance measuring system,

A radio ranging system forms and conveys to aircraflt information which is
usied by aircrews to handle navigation tasks and bombing missions against
small targets beyond ground visual range under the condition that the precise
target position data relative to the system's ground stations are known. The
system is based on two ground stations positioned 100-300 km from each other,
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Figure 3.1. Effective Coverage Area of a Ground Radio Azimuth and Distance
Measuring System Station

Key:
1. Dead zone 2. Effective coverage area for altitude H
3. Dead zone for altitude H

which form the system base. With this base it is possible to establish an
effective zone which for all practical purposes can be utilized at all air-
craft flight altitudes. Figure 3.2 contains a diagram of deployment of
radio ranging system ground stations.

; d=100+300kM

Figure 3.2. Diagram cf veployment of Radio Ranging System Ground Stations

Key:
1. Orbit of station A 2, Orbit of station B

PUNSNSEEUSUEIINEE S

A radio differcnce~ranging system forms and conveys to aircraft information
which is used to determine the positional location of aircraft, to guide
Lhem to destination arcas, as well as to determlne certain navigation
olaers  (drift angle, ground speed).
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A difference-ranging system is set up with three ground stations deployed
at a distance of 700-1,300 km from onc another (Figure 3.3). Station A is
the master station and operates alternately with slave stations B and C,

Figure 3.3. Diagram of Deployment of Radio Difference-Ranging System Ground
Stations

Signals emitted by the ground stations are received by a special airborne
receiver which measures the difference in distances {(in time) between the air-
craft and the pair of ground stations.

Based on the distance difference obtained from one pair of stations (A and B,
for example), one determines the aircraft's position line in the form of a
hyperbola all points of which are situated from points A and B at one and the
same difference in distances to them,

3.3. Selection oi Positions for Deployment of Radio-Radar Support Facilities
The position of any radio-radar support facility should be defined as that
site occupled (or prepared for occupation) by this facility to perform radio-
radar support activities,

Ground radar sites impose the most rigid demands on position. Radar sites
can be divided into two types, on the basis of topography and the presence of

local features:

circular positions, which offer normal radar operation in all
directions;

sector positions, which provide normal radar operations only
in certain sectors.

- 31
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Following are the principal characteristics of positions:
radlus of return arecag
size of local features in return area;
rise (gradient) of return area;
crest clearance angles.

Of all radar facilities, the highest demands are imposed on meter and
decimeter-band radar site positions, since the forming of their radiation
patterns is closely linked with the reflection of electromagnetic energy
from the ground (water) surface.

The radius of the return or reflection area is determined by the height of
the antenna's electrical center and the radar's wavelength. The allowable
height of terrain irregularities in the area is determined with the formula

M ’

where hy is the allowable height of terrain irregularities, m; )\-- radar
wavcelength, m; hy —- antenna height, m; 1 -- distance from antenna base to
terrain irregularity, m; [T -- constant; for a decimeter-band radar -- 16,
for a meter-band radar —- 36.

A position rise (gradient) of a few degrees raises the radar detection zone,
which in turn affects range of aircraft detection. For example, a flat,
horizontal site area with a uniform gradient within allowable limits will
promote an increased effective range at low and extremely low altitudes.
Correspondingly, a site area with a uniform rising gradient will provide
better conditions for detection and tracking of aircraft at high and extremely
high altitudes.

Crest clearance or screening angles are formed by local features and terrain
relief. They limit the capability of radar facilities to determine the
positional location of aircraft at low altitudes.

Maximum allowable screcning angles in degrees for specific radar sites can
be determined with the .ormula

H,—h A §
aw 3,44 ua -5’ (3)
where I is height of the target over the underlying terrain surface, m;
- h, -- height of the electrical center of the radar antenna above the ground

surface, m, & -- target detection slant range, km.

The effective range of radar facilities depends on the screening angles,
which determine the existence of line-of-sight between radar and aircraft,
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liinc-ol-sight range for various flight altitudes and screening angles «

be calculated with the formula

R %2 R.a°
Aap = ﬂm) +2R M - gz

where [Jg, -~ line-of-sight range, km; Ry
8,500 km; H -~ aircraft altitude, km.

(3.5

can

-~ equivalent earth's radius,

It is convenient to use the figures in Table 3.6 in practical calculations

- of line-of-sight range.
(3.5), with an accuracy to the closest whole number.

Calculations have been performed with formula

Table 3.6. Line-of-Sight Ranges in Relation to Aircraft Flight Altitude
and Screening Angles
2 JlaabkOCTH NPAMON BIJMOCTH. KM, DA Yraax SAKPWTHA, *
AcoTn
AOJCIR, KM 0 0.2 o6 0.8 f 15 ? 28 3
0.2 58 36 {7 14 11 8 6 4 4
0,5 92 67 39 31 26 18 14 1l 10
ol 130 104 69 57 49 35 27 22 19
2 134 153 115 | 100 48 66 52 43 37
4 200 | 238 | 186 | 168 152 | 121 98 82 71~
6 319 | 281 24% 1222 | 203 167 | 139 119 103
8 368 | 340 | 286 {2069 | 249 | 208 | 177 152 | 133
10 418 1384 1333 |310 | 290 | 246 | 211 184 162
12 452 | 423 {371 | 348 | 327 [280 244 | 214 | 189
14 488 | 459 | 407 {383 [ 362 |34 | 274 | 242 | 216
16 522 | 493 | 440 | 416 | 394 | 346 {303 | 269 | 241
18 553 | 524 | 471 | 447 | 425 [ 379 {330 | 295 | 265
20 583 | 564 | 500 | 476 [ 453 | 402 | 357 | 319 | 288
22 611 583 | 529 {505 | 481 428 |382 | 344 | 3li
25 652 | 622 | 569 | 544 [ 520 | 488 | 419 | 380 1§ 344
Key:
1. Aircraft altitude, km 2. Line-of-sight ranges, km, with
screening angles
fn selecting positions for deploying radar sites one must avoid locatlons

with close-by tracts of forest and large buildings roofed with sheet iron.

They strongly distort the radiation pattern.

In those cases where the situation requires placing a radar site near forest

and the surveillance sector passes across the forest, the

radar must be

sited at a distance from the forest which satisfies the following relation:

h
d <125 (24, + Ho) .89
where d is the distance from radar site to forest, m; h; -- antenna height, m;
Hy == height of forest (obstacle), m; A -- radar operating wavelength, m.
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) ALl radars directly Lnvolved in scervicing alr traffic control should be
- periodically flight~checked.

Radar facility flight checks are subdivided into complete, inspection and
preflight on the basis of timetable and degree of detail of the flight

check.
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Part [1. ATR TRAFFIC CONTROL COMMUNICATIONS AND RADLO-RADAR
_ SUPPORT SERVICES EQUIPMENT
Chapter 4, DESCRIPTION OF RADTO COMMUNTCATTONS

4.1,

Parameters Characterizing Technical Ca

AND RADTO-RADAR SUPPORT SERVICES EQUIPMENT

Radio-Radar Support Services Equipment

Radio communications equipment and ground air target detection radars,
» as well as ground radio navigation system facilities,
air traffic control communications and radio-radar

differ in construction, principles of operation, function,

ture and approach radars
which form the basis of
support facilities,
and design,

characterized
value for each
ing: band of operating frequencies,
band, operating mode
antenna system and its characteristics
welght (size), type of

pabilities of Radio Communications and

depar-

However, the technical capabilities of these facilities are

of the enumerated facilities,

and describes these parameters.

Table 4,1.

Table

by essentially identical parameters, which assume a concrete
These parameters are the follow-
number of operating frequencies in this

» transmitter power and receiver sensitivity, t

ype of

» resistance to interference and Jjamming,
power supply, and power requirements.

4,1 lists

Parameters Characterizing the Technical Capabilities of Communica-

tions and RTO Equipment

Parameter

Substance of Parameter Description of
Parameters as

Applied to

Description of
Parameter as
Applied to RTO

Description
of Parameter
as Applied to

Radio Communi- System Radio RTO System
cations Equip- Navigation Ground Radar
ment Equipment Facilities
Band of Operating frequency VHF-UHF trans- [Ground radio RTO ground
operat- band is defined as ceivers employed|direction finders|radars oper-
ing that segment of the in radio communi-joperate in the |ate praccical-
_ frequen- fradio frequency cations with air-{band used by air-|1y in all
cies spectrum within the craft, operate in|borne trans- parts of the
boundaries ot which the meter and ceivers, Air- [UHF band,
a communications, decimeter bands,|borne ADFs (rado |Detection and
radio navigation while high-fre~ |compasses) oper{detection-
- and radar transmitter [quency trans- ate In the 150-| guidance
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(Table 4.1, cont'd)

Parameter

Substance of Parameter

Description of
Parameters as
Applied to
Radio Communi-
cations Equip-
ment

Description of
Parameter as
Applied to RTO
System Radio
Navigation
Equipment

Description
of Parameter
as Applied to
RTO System
Ground Radar
Facilities

Number of
operating
frequen-
cies in
band

or receiver can
operate. It is de-
scrbed by extreme
frequencies -- mini-
mum and maximum. The

band of operating fre-

quencies can be con-
tinuous or discrete.

In the former instance

the transmitter (re-
ceiver) is tuned to
any frequency in the
band, and in the

latter -- only to cer-

tain specified fre-
quencies

Number of operating
frequencies on which
communications,

transmission and re-

ceiving of radio navi-

gation information,

and radar target detec{quencies.

tion can be performed

tire shortwave
band

Modern trans-
ceivers operate
in a continuous
[band of fre-
quencies or at
discrete fre-

In
the latter case
transceivers are
4designed for a

ified band with
observance of a

sures operation
jwithout mutual
interference,
Spacing between
adjacent frequen-
cies depends on
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throughout the e

certain number of
specific frequen-
cies which can be
used in the specH

minimum frequency
spacing which en-

operate in the
decimeter band

Ground radio

operate at the
frequencies as
communications
transceivers o
the same fre-
quency band.
Airborne ADFs

tuning across

band. DME and
azimuth-rangin
systems have a
group of dis-
crete frequen-
cies within

band

direction finders

(radio compasse!
have continuous

their frequency

their frequency

DME ard azimuthdoperate in
ranging systems

the meter,
decimeter and
upper part of
the centi-
meter band.
Ground alti-
tude measur-
ing equipment
and ATC preci-
sion approach
radars, in
order to ob-
tain better
accuracy and
resolution,
operate in
the centi-

eter band
FTO system

radars can
operate at
several fre-
quencies with-
f{in the band

of operating
frequencies

g

i
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(‘table 4.1, cont'd)

Parameter

Substance of Parameter

Description of
Parameters as
Applied to
Radio Communi-
cations Equip-
ment

Description of
Parameter as
Applied to RTO
System Radio
Navigation
Equipment

Description
of Parameter
as Applied to
RTO System
Ground Radar
Facilities

Operating

mode

Operating mode of com~
munications and RTO
equipment is determined
by two characteristics:
type of oscillations
employed and mode of
information exchange.
Continuous-wave and
pulsc mode are dif-
ferentiated with the
first characteristic.
In radio communications
equipment the second
characteristic differen-
tiates simplex, duplex,
hal f-duplex modes and
relay mode., Simplex
Lmode in two-way radio
communications is
defined as a mode
whereby transmission
and rceceiving on each
transcelver are per-
Formed sequentially.
With duplex mode trans-|
mission and receiving
on each transceiver
are performed simul-
taneously. With half-
duplex mode the

the signal
spectrum width,
absolute fre-
quency instab-
ility of the
transmitter
and receiver
local oscil-
lator, recelwer
passband and
the shape of
its resonance

curve
For the most

part continuous
mode is used

in equipment
employed on
radio communica-
tion links with
aircraft. All
modes determined
by method of in-
formation ex-
change are
utilized fairly
extensively in
radio facilities
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IAzimuth measur-
ing systems are
systems with
continuous
radiation,
while distance-
measuring and
Loran systems
employ pulsed
radiation,
Azimuth measur—
ing and Loran
systems are one-
lway systems
(only a receiver
or only a trans-
mitter is
carried airborng
for these sys-
tems).
Distance-measur-
ing systems
always require
receiving and
transmitting
equipment both
on the ground
and airborne
and are two-way
systems

RTO radars oper-
ate in pulse
mode, which is
characterized
by pulse dura-
tionTy , pulse
repetition
period T, or
pulse repeti-
tion frequency
F” .
Repetition fre-
quency and
period are
linked by rela-
tion

where Fy is
in llertz, and
Ty is in
microseconds.
Pulse duration
determines

the radar's
range resolu-
tion and,
together with
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(Table 4.1, cont'd)

Parameter

Substance of Parameter

Description of
Parameters as
Applied to
Radio Communi-

Description of
Parameter as
Applied to RTO
System Radio

Description
of Parameter
as Applied to
RTO System

receiver are ready
to operate, while
sequential antenna
connection is ef-
fected with the aid
of an antenna relay
control by mike key-
ing. Relay mode
provides radie com—
munications via in-
termediate trans-
ceivers for the pur-
pose of extending
range., Relaying

can be performed
automatically, in
which case signals
are retransmitted
immediately after
being received.

In radio navigation
systems the second
characteristic is
employed to differen-
tiate systems with
two-way or with one-
way communication
between ground and
airborne equip-
ment.

Radars distingu.sh
on the basis of e
second characteristic
active radar mode
(detection on re-
flected signal) and
operation mode with
actlve response
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cations Equip~ | Navigation Ground Radar
ment Equipment Facilities
transmitter and power, ef-

fective range —-
for this reason
pulse durations
in detection
radars and air
traffic con-
trol surveil-
lance radars,
where the
principal re-
quirement is
great range,
are greater
than in preci-
sion approach
radars, where
where resolu-
tion and preci-
sion play an
important role
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Parameter

Substance of Parameter

Description of
Paramcters as
Applied to
Radio Communi-
cations Equip-
ment

Parameter as

System Radio
Navigation
Equipment

: _
‘Description of huﬁcriprlnn

of Parameter

Applied to RTO jas Applied to

RTO System

‘Ground Radar

Facilities

Trans—
mitter
power

Receiver
sensitiv-
ity

Transmitter power is
the power put by a
radio transmitter in-
to the antenna (or
antenna equivalent)
at 'a given frequency.
For radio-radar
equipment operating
on pulse mode trans-
mitter power is
characterized by
pulsed and average
power output.
Pulse power Py
linked to trans-
mitter average power
during pulse repeti-
tion period Pgp by
the relation

is

Pep=PutuFus

where T, -- pulse
duration, s; Fyu --
pulse repetition
Frequency, Hz.
Transmitter energy
Wy (in joules) for
pulse repetition
period Ty is
equal to

W,z AT,= P Ty,
where ¥y and Ty --
in seconds; Py and
Pop —- in watts
Receiver sensitivity
is characterized by
minimum emf value
(in microvolts) or
power (in watts) at
input at which a
voltage (or power)
is developed at

Radio trans-
mitter power

is determined
by frequency
bands, trans-
mitter location
and required
range.

In order to de-
crease mutual
interference,
to increase
operation
security and
ensure requisite
transmitting
altitude, step~-
wise change in
radiated power
is provided in
airborne trans-
ceivers: 100,
50, 25 and 10%,
Stepwise change
In radiated
power is also
provided in
ground trans-
ceivers

Sensitivity of
communications
receivers is
usually a few
microvolts.
Sensitivity of
airborne re-
ceivers is
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In azimuth mea
suring systems
in the form of
ground and air
borne radio
direction [ind
ers, where oy
radio recelvers
are employed,
transmitter
power does not
figure as a sy

In distance meaj
suring systems
and distance
measuring chan-+
nels of azimuth

Ground detec—
tion radars and
ground radio
altitude mea-
suring systems
are high-power
systems.

Air traffic con-
trol survell-
lance radars
and precision
approach radars

tem parameter. |are medium-

power units

measuring and
transmitter
to ensure ef-

slght range.
Transmitter
pulse power in
Loran systems
can reach

thousands of
kilowatts

Sensitivity of
azimuth measur-
ing system re-
ceivers is ap-
proximately the
same as that of
communication
receivers

ranging systems,
power is selected

fective line-of-

hundreds and even

Sensitivity

of radar re-
ceivers is
usually very
high, ensuring
the specified
detectlion range
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- Parameter|

Substance of Parameter

escription of
Parameters as
pplied to
adio Communi-
cations Equip-
ent

Description of
Parameter as
Applied to RTO
System Radio
Navigation
Equipment

Description
of Parameter
as Appllied to
RTO System
Ground Radar
Facilities

Type of
antenna
system
and its
charac-
ter-
istics

receiver output suf-
ficient to reproduce
the received signal.
In estimating sensitiv
ity one figures the
ratio of signal level
to noise level at re-
ceiver output. In com
formity with this, re-
ceiver sensitivity is
viewed as the minimum
useful signal value at
input Py, under the
condition that omne
obtains at the re-
ceiver output a sig-
nal-to-noise ratio
sufficient for normal
operation of receiver
terminal stages and
devices. In many
cases sensitivity is
expressed in decibels
in relation to power
level at input Py at

1 watt or 1 megawatt.
In this case sensitiv-
ity is figured with
the formula

P,
=10l - - —

fus =1l
Pygp --— in wates;
PaB -- in decibels
Following are the
principal character-
istics of antenna sys-
tems:

type and width of
antenna radiation
pattern in the hori-
zontal and vertical
planes;

omewhat less
than that of
ground units

aircraft:

quency trans-

antennas, less

FOR OFFICIAL USE ONLY
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Following are em-
ployed on modern

with high-fre-

ceivers -- folded-
dipole and flush

frequently rigid

RTO system
radio naviga-
tion equip~
ment employs
the most
diversified
types of an~-
tenna.

Ground radars,
altitude mea-
suring equip-
ment and
precision
approach
radars,
depending

on the
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Parametoer

Substance of Parameter

beseriptlon of
Paramcters as
Applied to
Radio Communi-
cations Equip-
ment

n
Deseription of

Parameter as
Applied to RTO
System Radio
Navigation
Equipment

!

Nederlptlon
fof Parameter
tas Applied to
RTO System
iCround Radar
Facilities

.antenna gain (direc—
tional effect).
The radiation pattern
indicates the depen-
dence of antenna
field intensity am-
plitude (E(@ , £), V/m
or power flux density
(p(¢, £), w/n?) on
direction from the
antenna at a constant
distance to points of
observation, that is:

R(Q s €)Engk (4, €);
P(‘f ’E)=pmaxk2(‘f; ),

where Epay, Ppax
maximum field intensi-
ty and power flux den-
sity values; ¢, € —~
azimuth and angle of
elevation; k( ¢, €) —-
standardized expres-
tion of antenna
directivity by field
intensity (Figure 4.1).
Radiation pattern

width -- angle between
dircetions in which
the power Field den-
sity diminishes to

half, with {fceld in-
tensity 0.707 of

max imam Vr’llll(!.
Dircctive gain (KND)
of an antemna [G( @,
€ )] is that number
which indicates gain
in power field den-
sity or in radiated
power given at the

wire antennas
stretched along
the surface of
the aircraft;
VHF and UHF
transceivers —-
flush and whip
antennas;
high~frequen-
cy transceivers
with a medium-
frequency
unit -- trail-
ing antennas.
Ground trans-
celvers employ
antennas of the
"wave duct"
type, symmetri-
cal dipoles,
discone, V, T,
Z, rhombic and
vertical whip
antennas

point of observation

FOR OFF
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Ground UHF and
HF direction
finders employ

tennas, while
aircraft ADFs

tennas.

tions employ

ing of dipoles
with metal
reflectors,
while airborne
equipment em-

tennas.
Instrument
landing system
radio beacons

with parabolic
reflectors and
of the "wave
duct" type, a

antenna, cote,

tem ground
equipment em-
ploys in the

ing section

tennas with
parabolic

reflector, the

antenna arrays

employ loop an-
DME ground sta-

directional an-
tennas consist+

ploys nondirecH
tional whip an-

employ antennas

horizontal loop

Azimuth measur-|
ing~-ranging sysf

azimuth measur-|

directional an-

frequency band,
inost frequent-
ly employ the

so-called H an-<following types

of antennas:

in the cen-
timeter and
decimeter
bands -~ anten-
nas with
parabolic re-
flectors;

in the meter
band, -~ "Wave
duct" type an-
tennas
(director an-
tennas).
Antenna radia-
tion patterns
of detection
radars and ATC
surveillance
radars are
relatively
broad in the
vertical plane
and narrow in
the horizontal
planc.
Precision ap-
proach radar
antenna radia-
tion patterns
are different
for the local-
izer antenna
and the glide-
slope antenna.
The localizer
antenna is

ranging section —-
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Parameter

Substance of Parameter

Description of
Parameters as
Applied to

Description of
Parameter as
Applied to RTO

escription
f Parameter
as Applied to

Resistance
to inter-
ference
and jam-
ming

Radio Communi- |System Radio TO System
cations Equip- |Navigaion round Radar
ment Equipment Facilitles
by a directional an- which are arrow in the
tenna (Figure 4.2): nondirec~ orizontal plane
& tional in the Jand broader in
G(‘f’6)= P0 when horizontal the vertical
plane, and lane. On the
B o°Pg airborne contrary, the
equipment -- Jglideslope an-
nondirectional {tenna is nar-
G(cf’e) JlD when whip antennas [row in the ver-

E((f &= Eo
where Pg (C{', S)and PO
are power field den-
sities produced by a
directional and non-
directional antennaj;
Pg and Pgp -- powers
radiated by a direc~
tional and nondirec-
tional antemna; E(&@,
£) and Ey —- field
intensities generated
by a directional and
nondirectional an-
tenna.
Dependence of direc-—
tive gain on direc-
tion is determined
with the radiation
pattern by relation

crif) Gmay¥ (Cf’é M

The antenna gain
factor is thc prod-
uct of directive gain

times antenna efficien-|

cy ny  Dfipe)=Glpe

Resistance’ to inter)',A
ference and jamming
characterizes the
capability of com—
munications and RTO
equipment to oper-—
ate under conditions

FOR OFFICIAL USE ONLY

All methods of
increasing the
noise immunity
of radio com-
munications
equipment are
based on the
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Azimuth or
angle measur~-
ing systems in
the form of
ground direc~
tion finders

possess poor

tical plane and
roader in the
orizontal
plane.

Antenna directive
gains are deter-
mined by antenna
dimensions and
the radar wave-
length, and
therefore by the
type and width
of the radiation
pattern.

The effect of
interference

and jamming on
the operation of
radars is mani-
fested in de-
creasing the
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meter
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e ———

Substance ol Parametor

Desceriptlion of
Parameters as
Appllied to
Radio Communi-
cations Equip-
ment

Deseriotion of
Parameter as
Applied to RTO
System Radio
Navigation
.Equipment

Deseriptlon
of Parametoer
as Applied to
RTO System
Ground Radar
Facilities

of natural inter-
ference and man-made
jamming. It depends
on operational secur-
fty and noise im-
munity. Operating
sceurlty s deter—
mined by the time
during which
transmitter signals
are emitted, as well
as countermeasures
against hostile in-
telligence., The
noise immunity of
communications and
RTO equipment is
determined by the
operating mode of
the given unit and
the employment of
special circuits
@evices) working to
prevent noise
penetration to the
input of the re-
ceiver terminal
device

FOR

principle of in-

creasing redundan-

cy in the trans-
mitted message on
which is the same
thing, the prin-
ciple of increcas-
ing signal volume
Vet

Vo= ‘uAfologsT: .
As is evident f
the formula, sig-
nal volume can be
increased by in-
creasing signal
durationq o, sig-
nal frequency
band A, and the
ratio of signal
average powers P,
to noise Py .
Noise immunity by
increasing the
frequency band is
achieved by emply=
ing wideband types
of modulation (fre-
quency and all
pulse modulations)
and when increas-
ing the signal/rol=;
ratio -- by reducqy
ing the noise lewd
and increasing
transmitter
power,
In addition, in-
creased noise im-—
munity is achieved

security in view
of the necessity
of extended trans+
mission of signdls
from an airborne

aircraft, as well

of bearing infor-
mation to the air+
craft. Noise im-
munity of a DF
channel corres-
ponds to that of
radiotelephone
communications
channels.
Distance measur-
ing systems with
continuous measure
ment of current
range possess
poor security,
Isince continuous
two-way radio
communication
between airborne
and

ground equipment
is taking place
during the en-
tire duration of
system utiliza-
tion,

Systems with
periodic distance
measurement can
have extremely
brief periods of
communication be-
tween ground and
airborne aircraft
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signal-noise
ratio at
receiver in-
put. Asa con-
sequence of
thils, tar-

as transmisslon qgets are

'detected with
the specified
probability at
closer ranges
or are not
‘detected at
all., Usually
a radar's
noise immuni-
ty is es-
timated on the
basis of ef-
fective range
during inter-
ference. The
ef fective
range of a
radar with
moise generated
by a jamming
transmitter
mot collocated
ith the
protected ob-
ject is equal
to
(cont'd on
next page)




APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

(Table 4.1, cont'd)

FOR OFFICIAL USE ONLY

Para-
meter

Substance of Parameter

Description of
Parameters as
Applied to
Radio Communi-

Description of
Parameter as
Applied to RTO
System Radio

Description
of Parameter
as Applied to
RTO System

proof codes and
special methods
of receiving weak
signals: perlodic
signal filtration
storage, narrow-
band receiving,
employment of a
wideband-limiter—
narrow band (ShOU
system, etc.

As a rule security
of radio communi-~
cations equipment
is poor and is
secured primarily
by organizationak
technical
measures.

high degree of
operational
security. The
noise immunity

of distance mea—
suring systems
can be quite high
due to the em—
ployment of
pulsed transmit-
ting devices,
high energy poten
tials, and encodd
interrogation and
response.

Loran systems posi
gess poor opurat=
ing security of
ground stations
and close to ab-
solute security
of operation of
airborne equipment
due to continuous
emission of
signals by ground
stations and
employment only
of receiving
equipment on
board aircraft.
The noise immuni-
ty of these sys=
tems s approx-
imately the same
as that of dis-
tance measuring
systems
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where Gp C

cations Equip- Navigation Ground Radar
ment Equipment Facilities
by employing which means they

noise- and jam— |{can possess a Ayo=

HV “"pﬂfmpm ) 0
ZaOpac(Fatn)ilpack
where [l is the
radar's effective
range in the ab-
sence of jamming,
km; Jqp —— dis-
tance from radar
site to jamming
transmitter, m;

Pu »Afppc ==
respectively

the noise output

in the radar re-
celver band and

its passband, MHz;
g —- noise out-
put density, w/MHz;
Conc(Paily) T~
radar directive
gain in the
direction of the
jamming trans-
mitter;
radar wavelength,
m.

If the jamming
transmitter is
collocated with
the protected
target,

non™

n - @r)3 Py,
l/ Zalpnc maxdlpnch®’

max
maximum radar an-
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tenna directive
gain.
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Figure 4.1. Antenna Radiation Pattern in a Polar (a) and Rectangular (6)
Coordinate System
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Figure 4.2, Determining Antenna Directive Gain

4.2, Parameters Characterizing Tactical Capabilities of Radio Communica-
tions Equipment

Folloving are the principal tactical parameters characterizing radio com—
municat fons cquipment: range, number of discrete frequencies to which a
transceciver can be tuned in advance, time to tune a transcelver from one
I'requency to another, transcelver cycle of operation, altitude, transcelver,
remote control capability, transportability, transceiver capability of opera-
tion while moving, deployment time, and size of position required for
deployment.,

Table 4.2 discusses the above-enumerated tactical parameters.

4.3, Parameters Characterizing Tactical Capabilities of Radar Equipment

Radar equipment in an RTO system includes ground radars for detecting air tar-
gets, ground altitude measuring equipment, and approach radars. Employed for
identification of detected air targets is equipment for identifying aircraft
nationality, as well as additional equipment such as ground direction finders,

airborne ATC transponders, and ground equipment of azimuth and distance measur-
ing radio navigation systems.
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Parameters Characterizing Tactical
Communications Equipment

Capabilities of Radio

Parameter

Substance of Parameter

Description of Paramcter as
Applied to Aviation Radio
Communications Equipment

Range

Number of
specified
pretuned
frequen-
cies

Range is defined as the greatest
distance between stations of a
radio communication link at which
stable two-way communications are
effected under the condition that
normal received signal power is
ensured at the output of each re-
ceiver with an allowable signal-

tc-noise ratio. Requisite trans-

ceiver range is secured by proper
selection of frequency band,
suitable transmitter power and
receiver sensitivity, utilization
of effective methods of control-
ling oscillations, as well as the
employment of high-gain antenna
systems. Range of radio communi-
cations depends to a substantial
degree on the conditions of
propagation of electromagnetic
cnergy, that is, on the absorbing,
scattering, refracting and
reflecting properties of the
troposphere -and ionosphere, which
change during the course of a
24-hour period, during the course
of the year, and on the ability
of radio waves to pass around
obhstacles

This parameter delines the capab-
ility to sbift frequencies when
conducting ~ommunications under
condition~ of deliberate jamming,
and provides flexibility and
reliability of control of a large
number of groups of aircraft from
one or several control facilities.
In conformity with this, each air-
borne transceiver is designed so
that it can be tuned in advance
to a number of specified frequen-
cies and be quickly tuned over to
any of them during the flight.
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When employing long waves, the
conditions of propagation of
which vary insignificantly,
range of radio communications
is practically a constant
value. With change in condi-
tions of propagation of short
waves, range of radio communi-
cations varies over a sig-
nificant range even with un-
changed parameters of receiv-
ing and transmitting equip-
ment. Range of radio communi-
cations in the VHF and UHF
bands is determined primarily
by the state of the troposphere
and capability of radio waves
to pass around obstacles.
Therefore range of communica-
tions depends on the antenna
height of the communicating
stations and does not exceed
line-of-sight range [} in
kilometers:

A= v (Vi tVE),
where hj, hp -- station antenna
heights at terminal points of
a radio communication link, m
The number of pretuned frequen-—
cles for aviation transceivers
ranges within broad limits:
from dozens to hundreds.
The number of fixed fequencies
in airborne transcelvers is
considerably greater thar in
ground stations
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(Table 4.2,icont'd)

Parameter

Substance of Parameter

Description of Parameter as
Applied to Aviation Radio
Communications Equipment

Cycle of
operation

Altitude
capability

Utilization in transceivers of a
discrete group of rigidly-fixed
frequencies (usually with quartz
stabilization) =nsures establish-~
ment of contact without seek-
tuning and conduct of communica-
tions without fine~adjustment
tuning. All other conditions
being equal, this speeds the
process of communication and in-
creases its reliability.

A specified number of fixed fre-
quencies are also provided in
ground radio equipment

This parameter is characterized
by the ratio of station operating
time for transmitting and receiv-
ing. It depends on conditions of
cooling and equipment design,
power supply, ambient temperature
and atmospheric pressure.

Radio receivers usually have a
capability of around-the-clock
continucus operation. Continuous
operation time for transmitters
and power supplies is limited;
their operation for an extended
period is secured with a speci-
fied ratio of receiving to
transmitting time (receiving time
exceeds transmitting time by not
less than two to threefold).
Listening watch is employed to in-
crease transceiver service life
and operational reliability. The
operator transmits when necessary
in the control process

Altitude is one of the important
parameters of airborne radio equipA
ment. Air density and pressure

Extended operation is secured
under the condition that re-
ceiving time exceeds Lrans-
mitting time severalfold. This
ratio is greater with VHF-UHF
transceivers than in shortwave
transceivers, due to mere in-~
tensive heating conditioms.
Aircrews guard the current
communication frequency from
takeoff to landing on the
principal receiver, while at a
ground station a special re-
ceiver operating on a separate
antenna is used for this pur-
pose

The altitude capability of air-
craft transceivers corresponds to
the tactical capabilities of

gradually decrease with increased [modern aircraft as regards

altitude. The heat capacity of
air decreases with low atmospheric
pressure, which can lead to ex-
cessive heating and breakdown of
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operating altitude
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Parameter

Remotoe
- control

Substance of Parameter

lDescription of Parameter as
Applied to Aviatiom Radio
Communications Equipment

equipment. Breakdown voltage
also decreases with a decrease in
atr density. All this alfects
the electrical properties of the
mounting of capacitors, coils and
a number of other components,
which can fail or change values
as a result of electrical break-
down. Temperature and humidity o
the ambient air decrease with an
increase in altitude, which also
changes the parameters of radio
components (primarily in oscil-
lator and electromechanical sys-
tems). Thus with an increase

in altitude the operating con-—
ditions of radio circuitry
worsen. In connection with the

fied for transceivers of each
type, up to which altitudes they
can be utilized for practical
operations. This parameter is
generally called altitude capabil
ity. An increase in the altitude
capability of modern radio equip-
ment is achieved by sealing as-
semblies and individual component
by employing higher-quality
dielectrics, by increasing the

air ventil.cion
This parame c¢v is a principal

capability Yof locating ground radio equipmen

away from control facilities for
purposes of concealment, as well

borne radio equipment elements on
board an aircraft and convenience
of radio utilization by crew mem-—
bers.

48

above, an altitude limit is speci-

cooling surface, as we.l as by em-
ploying pressurization and forced-

f

Sy

Remote control of ground radio

parameter in resolving the problemfacilities can be effected at

t {a distance of up to several
tens of kilometers, and for
airborne radio equipment -- up

as most efficient location of air-|to several tens of meters
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FOR OFFICIAL USE ONLY
cont'd)

Parameter

Substance of Parameter

Description of Parameter as
Applied to Aviation Radio
Communications Equipment

Radio
equipment
transport-
ability

and eapab il
fty to
operate
while
traveling

o
»

“tground stations Hr communicating

Remote control of ground radio
stations is effected by wire or
radio with the aid of individ-
ual or group radio station
devices., Low-power VHF-UHF
transceivers are employed as in-
dividual station devices, and
radio-relay stations as group
equipment. Remote control of

with aircraft is handled with
special remote radio control
consoles (RVPU), They are used
to set up the required type of
operation, to switch from
receive to transmit and vice
versa, transmitter modulation,
signal volume control, tuning to
the required communication frequen
cy (change from one frequency to
another), scervice communications
with radio facility personnel, as
well as switching and adjustment
in the console power supply cir-
cuits depending on the type of
primary supply.

Airborne radio equipment remote
control devices do the following:
switch a transceiver on and off,
shift from one discrete frequen-
cy to another, adjust signal
volume, transmitter power (by dis-—
crete values), and provide trans-—
mitter operation readings

Ground radio stations employed for
ground~to~air communications come
in two basic transport versions:
truck~deployed and takedown. Em-
ployment of these versions

depends on the tasks to be per-
formed, basing and geographic
conditions.

Of great importance for control-
ling aircrews is the adaptabili-
ty of a station to operate while

Stations employed with fre-
quent short-distance redeploy-
ment of aviatiom control
facilities in an area with
favorable geographic condi-
tions and witli a good road
system are the truck-mounted
version,

With permanent aircraft basing
or with frequent long-distance
redeployment of facilities,
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(Table 4.7,

FOR OFFICTAL USE ONLY
cont'd)

Parameter

Substance of Parameter

Description of Parameter as
Applied to Aviation Radio
Communications Equipment

Setup time
and dimen-
slons of
required
pnslﬁfbn

traveling. Capability to oper-
ate during travel is secured by
selecting appropriate stationm
operating modes and antenna ar-
rays with optimal radiation
patterns

Ground radlo station setup time
{s flgurcd from the moment it ar-
rives at the posltion to the
moment it is ready for communica-
tlon operations. It is deter-
mined primarily by the time to
set up the antenna system and
station remote control equipment.
Minimum station setup time oc~
curs when using compact antenna
systems with employment of means
of mechanization for setup, with
utilization of individual

station control equipment, as
well as when station personnel
arc sufficiently well

drilled.

Selection of position is of great
importance in the process of set-
ting up ground radio stations.

In choosing a station site one
seeks to ensure the least pos-
sible number of local signal-
blocking features, maximum dis-
tance to individual in*erference
sources, observan.e of electro-
magnetic compatibility standards,
sccurement ~f ~apability to per-
form engi-eer activities to
shelter tie station and personnel
for purpos~c of cover and conceal-
ment, with approach roads and
conditions for performing radio-

as well as under adverse
geographic conditions, the
takedown version is employed.
Radio communications with air-
craft during station travel

are secured at a distance of

up to several dozen kilometers
Modern ground radio stations
can be set up quickly. Setting
up a VAF-UHF station takes one
half to one third the time re-
quired to set up high-frequency
facilities.

Site size depends on station
design (primarily antenna ar-
rays) and designation:

active decontamination

Ground surveillance radars, altitude measuring radars and precision approach
radars employ either 360 degree or sector coverage.
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The tactical capabllities of thls equipment are characterized by such indices

as maximum range,

ment, resolution and information capability.
and their quantitative relations are contained in Table 4.3.

detection zone, measured coordinates and accuracy of measure-

The substance of these parameters

Table 4.3. Parameters Characterizing Tactical Capabilities of Radar Facilities
Param-{ Substance of Parameter Quantitative Relations
- eter
B Maxi- |Maximum range is the range of detec—- |A radar's maximum range /g . (Ln
mum tion of air targets in the direction [meters) is determined by the rela—
range Jof the radar antenna's radiation pat-jtion
tern maximum.
Maximum detection range is determined //P wGpac max®ul
by the function of the specific radar m“"l @l Py in
and depends on radar transmitter
power, antenna radiation pattern,
target effective reflecting area, and|where P, -- power in radar trans-
receiver sensitivity mitter pulse, watts; Gppcpax ==
radar antenna maximum directive
gain; Py, pin —— radar receiver
sensitivity, watts; € -- target
effective reflecting or echo area,
mZ2; A. -- radar wavelength, m
Detec-}A radar's detection zone is that area|The detectic:: zones of ground sur-
tion Jwithin the boundaries of which a veillance radars have the shape
zone Jradar detects targets with a speci- indicated in Figure 4,3. The

fied probability and measures their
coordinates with the required ac-
curacy (Figure 4.3). The shape of
a detection zone is determined by
the shape of the radar antenna's
radiation pattern and the mode of its
displacement within the boundaries
of the specified radar surveillance
zone, The dimensions of the detec-
tion zone in a direction away from
the radar are determined by maximum
detection range, and in directions
perpendicular to a line away from

the radar -- by the viewing angle in
the horizontal and vertical
planes.

Graphically the detection zone is
characterized by two sections: verti-
cal and horizontal planes.
ingly these graphs are called detec-
tion zones in the vertical (Figure 4.
4.3a) and horizontal (Figure 4,36)
planes.

51

detection zone is formed as a con-
sequence of rotation of the radar
antenna on its vertical axis
(all-round scanning).

The detection zones of ground
altitude measuring radars are
approximately the same as those of
surveillance radars. However, due
to the specific method of measur-
ing altitude, scanning of the
detection zone is performed with
rapid rocking in the vertical
plane of the antennak pattern

and comparatively slow antenna
rotation in the horizontal

plane.

Two kinds of radar are employed

in aircraft instrument landing

Corresponﬂaystem -- surveillance radar and

precision approach radar. The
detection zone of the surveillance
radar is similar to that of a
detection radar, but as a rule it
has a somewhat shorter detection

range.
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4.3, cont'd)

Param—
vter

Substance of Parameter

Quantitatlve Relations

Detec—
tion
zone
scan—
ning
time

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

The boundary of the detection zone

in the vertical plane for ground sur-
veillance radars can be calculated
with the formula

where k(£ ) is the antenna's radia-
tion pattern in a vertical plane

Detection zone scanning time is
that time following the lapse of
which a radar sequentially il-
luminates a target. Scanning time
characterizes the intensity of in-
put of data on the detected tar-
goet.

Scanning time (in seconds) can be

determined with the formula
Pacst
toes > 4, T, 2o s ’
[ ]

where npi, is the minimum requisite
number of pulse- achoed from the
target for assured observation of
the target return on the radar

scope; Ty ~—— radar pulse repeti-
tion period
'(T“>2ﬂmn), , seconds;
A
Po6sr %063 —— scan angles in the
horizontal and vertical planes, °;

52

A precision approach radar has

a limited detection zone in the
direction of the landing approach
(Figure 4.4). The radar's detec-
tion zone is scanned in sequence
by two antennas -- the localizer
antenna and the glideslope antenna.
The localizer antenna scans the
specified zone by continuous
rocking of the radiation pattern
in a horizontal plane within a
scanning sector measured by an
angle of approximately 25-30°

and by turning in the vertical
plane when necessary, within the
vertical scanning limits of ap-
proximately 9°. The glideslope
or glidepath antenna on the

other hand covers its scanning
zone by rocking the radiation
pattern in a vertical plane with-
in limits of an angle of 8-9°
and, when necessary, by turning
in a horizontal plane within the
limits of the scanning zone
(25-30°)

Scanning time for detection
radars and surveillance radars
operating in all-round scanning
mode is

360°
foos > "mlnTu (jv

and comprises 10-20 seconds

(3-6 antenna revolutions per
minute).

All-round scanning is usually not
employed with ground altitude
measuring equipment, which has
narrow radiation patterns in
both planes, since scanning

time is considerable. These
radars perform target detection
in limited sectors.

Precision approach radars, in
order to ensure continuous tracking
of the descending aircraft, scan-
ning of the entire coverage

FOR OFFICIAL USE ONLY



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

FOR OFFICIAL USE ONLY -

(Table 4.3, cont'd)
Param=fSubstance of Parameter Quantitative Relatlons
cter
0@, 8¢ —- width of antenna radia- zone by both antennas is not em— .
tion pattern in horizontal and ver- ployed simultaneously, for the
tical planes same reason as with altitude
measuring equipment. Scanning
time for localizer path and
glidepath is identical and is
approximately 0.3-0.5 s
Coor- |A radar is capable of measuring Ground detection radars determine
di- three coordinates which fully two coordinates -- range and
nates |determine the posit.on of a target in| azimuth., Ground altitude measur-
and space, namely slant range /] , bear~ } ing radars also determine two co-
ac- ing to the target in a horizontal ordinates -- range and altitude
- cura- |plane -- azimuth ¢, and in a ver- (elevation), but target azimuths
cy of Jtical plane -~ elevation £ . can also be determined with their
mea- For convenience of utilization of assistance.
sure- |radar data, target altitude is Aircraft instrument landing sur-
ment figured from range and elevation. veillance radar is also a two-

APPROVED FOR RELEASE: 2007/02/08:

In this instance a radar deter-
mines three coordinates -- range,
azimuth, and altitude.

A radar's accuracy of determination
of coordinates is estimated by the
magnitude of measurement errors.
One utilizes the conventional tech-
niques of probability theory, and
for estimating random errors of
measurement of coordinates one em-
ploys the terms root-mean-square
error 4§ (x), mean or probable er-
ror xg and maximum error Xpay.

n
|
¢ (x}= 1/,__2[‘":
L]
where xj -- random error of i mea-
surement; n -~ number of measure-
ments
2
*y="g"a(x}}

Xpa = 4x, =30 ().

Very frequently radar character-
istics include error values with

85 or 95% of measurements. In this
case
Xo 85 = 1,44a (%) 3
%05 =20 (x).
53

cnordinate radar and determines
the range and azimuth of the
detected target. The precision -
approach radar as an aggregate

is a precision three-coordinate
radar. The localizer section
determines range and azimuth,

with azimuth measured as the air-
craft's deviation from the pre
determined landing approach
course,

The glidepath section determines
range and elevation, with the
elevation measured as the air-
cra’t's deviation in a vertical
plane from the predetermined
descent trajectory (glidepath).
Accuracy of range measurement in
ground detection and altitude
measuring radars depends on the
selccted scanning range scale

and to a certain degree on the
measured range (more precisely,

on the signal/noise ratio at
receiver input).

Accuracy of azimuth measurement
by detection radars, instrument
landing system surveillance radars
and altitude measuring radars is
approximately identical and ranges
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4.3, cont'd)

Param-
etoer

Substance of Parameter

Quantitative Relations

Resolu-
tion

APPROVED FOR RELEASE: 2007/02/08:

Potential accuracy of radar measure-

ment of coordinates is determined by

the following expressions:

range, m: ct

8¢ °l(ﬂ)=='—-ﬁé==o
2y/2nmp

azimuth, °

T 8
°o(v)=L7;T'
P
elevation, °:
3 9
°o('\=V—:1~/—2L;I—_.
P

where €y —-- pulse duration, sec;

¢ -- velocity of propagation of
electromagnetic waves, equal to the
speed of light, m/s; —- coefficient]
of distinguishabilitymgor one pulse;
B , 8¢ width of radar radiatiom
pattern in azimuth and elevationm, °.
Actual accuracy is alwars worse than
potential due to errors of display,
propagation of radio waves, and equip-
ment distortions. Actual accuracy
can be obta‘tned by multiplying poten—
tial accuracy by the corresponding
coefficients of worsening of accuracy
&ﬂ,k@,ki% For modern radrs,
for example, kg =1.5-15.

A radar's resolution is its capabili-
ty separately to dserve and measure

the parameters of two targets which
are positioned close tr one another
in space. We differentiate resolu-
tion In range and angular coordinatas
(azimuth, clevat.on).

Quantitatively resolution is evaluated|
by the mintmum dLfference of meausraed
coordinates (range, azimuth, eleva-
tion) of two targets with which they
are differentiated by the radar.
Resolution in range (in meters) is

va="n g
LP

2 du

from 1l to 1.5°.

Accuracy of altitude measurement
by ground altitude measuring
radars (in meters) is determined
by errors in determining range
and elevation:

c(H):-aw)[sln-+—%:]+u(c)ﬂcost,

where ¢ (&), ¢ (£) -- errors in
determining range and elevation,

m and rad; /4% -- range to target,
m; £ -- target elevatiom, °; Ry -~
equivalent earth's radius, m

The resolution range of a detection
radar and approach surveillance
radar, which as a rule have 360°
scan displays, is calculated with
the formula

ety , dp

—_—

M= 2 n,

and is determined basically by
the ratio
%P, where n is the

n

number of blips which will fit
onto a scope radius. In modern
tubes n;=150-200. In altitude-
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determining radars values 8] are
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4.3, cont'd)

Param-
eter

Substance of Parameter

Quantitative Relatlons

Iinlfor-
ma-
tion
capab-
ility

where ¢y -~ pulse duration, sec;

Bp ~ scanning range scale, m; dg --

diameter of blip on face of CRT, mm;

Lp -- length of scanning line,

mm.

Resolution in azimuth (in degrees)

is °
w=%+%%

P
and in elevation (in degrees)

[ 3
Bl;ﬁ_-}-f’.d,n
P

where 8¢, g -- width of radiation
pattern by azimuth and elevation, °;
Ppep - size of scanning sector on
scope by azimuth and elevation, °;

L, == linecar dimension of scanning

by azimuth and clevatlon, mm; dr -~
diameter of blip on face of CRT, mm

Information capability is a syn-
thesized indicator of a radar's
target detection capability as

a source of information.

One possible method of quantita-
tive estimate of information

55

approximately the same as in sur-
veillance radars. Range resolu-
tion In precigion approach radars
is greater as a result of em
ployment of larger scales (smaller
ﬂp) and sector-type scopes with
scanning origin displaced to the
edge of the scope.

Azimuth resolution in detection
radars and landing approach sys-
tem surveillance radars with a
plan position indicator is deter-
mined with the formula

57,3 1l
b= O
I/
where ,J p -~ scanning range
scale, km; ., -— range to target,

km; lzldza -- scanning initiation
delay, km.

In the absence of delay and with
target observation in the middle
of scan (M3x0.54 p) azimuth
resolution is approximately equal
to radar radiation pattern width
8q.

In altitude determining radars,
in place of an elevation resolu-
tion value the term altitude
resolution (in kilometers) is em-
ployed:

3 = __F.‘.'_.l!u__.. .Ijg d,,
573coss ' L, 2
where /gy -- range to target, km;
£ -- target elevation, °; H, --

altitude scanning scale, km; L, --
linear dimension of altitude scan,
mm.

For radar support system ground
radars system of events (x) is

two equally-probable statements ——
"have target" and "nmo target"
within the limits of the radar's
resolution. Therefore entropy
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(Table 4.3, cont'd)
Param- fSubstance of Parameter Quantitative Relations
eter
capability is the quantity of infor- H(x)=binary unit/element, aud
mation which a radar can provide: quantity of information for such
1=nH(x), radars is equal to the number of
lwhere n —- number of observation observation elements.
elements in a radar's surveillance Information capability of ground
zone; H(x) —— entropy of event x radars in binary units
J= (Mlmox — Mnin) Fosfors
- 3T b - bt '
where /3, pax~ G min ~7 radar
range observation region, km;
Pof5r fog; —- Observation regions
) by azimutL and elevation, °;
§4, 8,8 -- radar resolutions
) in range, azimuth and elevation,
km and °
H 1 panuyason obapyxens
s >
Hy TROCKOCTKS
Hy
”I - :
#y €

Figure 4.3. Radar Detection Zone in a Vertical (a) and Horizontal (6) Planes
Key:
1. Boundaries of detection zone 2,
in vertical plane

Boundary of detection zone
for altitude Hg
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Figure 4.4, Precision Approach Radar Scanning Zone

Key:
1. Glidepath antenna radiation 2. Localizer antenna radiation
pattern pattern

4,4, Parameters and Indices Characterizing Tactical Capabilities of Radio
Navigation Equipment

Radio navigation systems employed for aircraft navigation make it possible to
determine an aircraft's position or navigation elements of a flight through
the combined utilization of airborne and special ground equipment. The
ground equipment of such systems is called radio navigation equipment of RTO
facilities. 1In addition to ground equipment of radio navigation systems,

RTO radio navigation equipment includes the localizer and glideslope radio
beacons of aircraft instrument landing systems, which by their principle of
operation are azimuth measuring systems.

The positional location of an aircraft in space is established with the aid

of a radio navigation system by means of determining the lines (surfaces) of
position of aircraft relative to ground facilities the location of which is

known,

A line of position (on a surface) or surface of position (in space) is the
geometric position of points of the possible position of an aircraft with a
constant value of the parameter measured in the system,

The position of an aircraft in space is determined by the intersection of
three surfaces of position. In solving a problem on a surface (plane) -
situated at an aircraft's flight level, its position is determined by the
point of intersection of two lines of position,

Following can be parameters measured in a radio navigation system and deter-
mining the character of the line and surface of position: the angle between
a congtant bearing and bearing to the aircraft or to a ground station, or

57
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range between aircraft and ground station, or difference or sum of ranges

hetween an ailrcraft and two ground stations.

tems are angle-measuring, ranging, difference-~ranging,

Some systems measure two parameters simultaneously.
Essentially such a system can involve any combination of
The most common are systems combining measurement of

- combined systems.
measured parameters.

Su

angle and range, which are called goniometric-ranging.

In conformity with this, sys-—

or summing-ranging.
ch systems are called

Table 4.4, 1ists the relationships between measured parameter and line
{or surface) of position.

Table 4.4. Relationship Between Parameter, Line and Surface of Position
Type [Measured Parameter p Type of Line of Type of Surface of
of Position Position
Sys-
tem
Rang-~ |This system measures Line of position on a |Surface of position in
ing double the distance R plane -~ a circle with [space -- a sphere with
svs- [|between a fixed point its center at the point |its center at the loca-
tem and an aircraft. of location of the tion point of a fixed
with |Equation of parameter: ground station, of station, and radius R.
ac- p=2R radius R (Figure 4.5). [Equation of surface of
tive Equation of line of position in a rec-
re- position in a rectangu- tangular system with
spnse lar coordinate system |center at a reference
with its center at a point:
reference point: Rz-x2+y2+z2
R2=x2+y2
Dif- This system measures Line of position on a [Surface of position in
fer- the difference of dis- | plane —- hyperbola with lspace -- a hyperboloid
ence~ Jtances from two fixed focal points at loca- formed by the turning
rang- |points to an aircraft tion point of ground of a hyperbola on axis
ing (Figure 4.6). stations A and B (Fig- |OX.
- sys- |Equation of parameter: { ure 4.6) and semiaxes [Equation of surface of
tem p=R;-R,=2a a and position:
- -
""VT" ) P » 2
Fm !
Equation of line of
B position:
2_¥
al'_'b.: ]
Sum~  |This system measures Line of position on a [urface of position in
rang— Jthe sum ol dlstances plane -- an ellipse pace == an ellipsoid
- ing from an aircraft to two] with focal points at th:pobtained by rotating
sys- |fixed polnts (Figure locations of ground stadan ellipse on axis OX.
tem 4.7). tions A and B (Figure

Equation of parameter:

p=Ry+Ry=2a

4,7), and with semiaxes
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Table 4.4 (cont'd)

_ Type JMeasured Parameter p Type of Line of Type of Surface of
= of Position Position
Sys-
tem
- Equation of surface of
i a and b= V""%' position:
x ¥ s
Equation of line of Tt ErE=t
position:
,! !

-t = where a and b are semi-

axes.
Conlo=JThis system measures Line of position on Surface of position
metricfan angle in the hori~ a horizontal plane when measuring
System}zontal and vertical (vertical) -- line of azimuth -~ a ver-
plane. equal bearings tical plane, when
Equation of parameter: (equal elevations): measuring eleva-
a) when measuring _ . tion -~ a cone
azimuth p=¢@; y=x ctg @ ;
z=x ctg ¢

b) when measuring
elevation p= ¢

@

(b
P ¢

Figure 4.5. Lires of Position of a Ranging System

Figure 4.6, Lines of Position of a Difference-Ranging System
59
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Figure 4.7.

Following are the principal tactical indices characteriz
o navigation equipment: effective range

employment of radi

determination of parameter, accuracy of
efficiency.
lations for calculating their quantitative

operating zone, throughput,
of these indices and contains re

Lines of Position of a Sum-Ranging System

ing effectiveness of
, accuracy of
determination of line of position,
Table 4.5 clarifies the substance

values.
Table 4.5. TIndices Characterizing Tactical Capabilities of Radio Navigation
Equipment
Indi- | Substance of Indicator Quantitative Relation
- ca-
tor
Ef- Effective range of a radio Goniometric systems. Airborne automatic
_ fec- | navigation system is defined |direction finders (radio compasses) are
tive | as the greatest distance from the most common equipment in the medium—
range | ground station to aircraft at |frequency band. The effective range of

which measurement of the sys-
tem parameter with a specified
accuracy is ensured. As a
rule the requisite accuracy of
parameter measurement is
secured by an appropri~te sig-
nal-noise level at receiver
input. System 1ange depends
on the frequency band utilized,
transmitter pcwer, antenna
directivity, and receiver sen—
sitivity

radio compasses in indicating bearing

to nondirectional beacons of 400-600
watts is 250-300 km at flight altitudes
above 3000 meters.

Ground direction finders are most common
in the high-frequency band. Their ef-
fective range with a sky wave, employ-
ment of high—efficiency ground antenna
systems and proper selection of operating
frequency, may be as much as gseveral
thousand kilometers.

Both ground and airborne, usually auto-
matic direction finders are employed in
the VHF-UHF bands. Their effective
range is determined by the conditions of
propagation of VHF-UHF radio waves at
line-of-sight [ in kilometers:

[, =412y ap+A ),

where hy, hyp == height of transmitter
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Indi-
ca-
tor

Substance of Indicator

Quantitative Relation

Param-
eter
deter~
mina-
tion
ac-
cura-
cy

cura-
cy

of
deter~
min-
ing
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Accuracy of parameter deter-
mination is estimated by
random errors occurring dur-
ing parameter measurement --
angle, range, difference of
distances,

Accuracy of direction finding
(angle determination) depends
in large mexzsure on the
method of direction finding
and the antennas employed in
ground or airborne direction
finders.

Accuracy of determination of
distance (or difference of
distances) depends on ac-—
curacy of time measurement,
since distances are measured
by the time radio waves re-
quire to travel this dis-

tance: D=vt, where v -- veloc-
ity of propagation of radio
waves; t —— time.

Accuracy of measurement of
time intervals depends on mea-
surement methods, Indirect
measurement methods give
greater accuracy than direct
methods

Accuracy of determination of
line (surface) of position of
an aircraft A u is determined
by distance on the normal
between two lines (surfaces)
of position corresponding to

the true and found parameter

Ranging systems, as a rule operate in the
VHF-UHF band., Their effective range is
limited to line-of-sight.
Difference-ranging systems operale in
various frequency bands. Their effective
range is determined by the propagation
distance of radio waws in the correspond-
ing band.

Goniometric~ranging systems operate in
the VHF-UHF band and have the same ef-
fective range as ranging (DME) systems.
Accuracy of direction finding by air-
borne radio compasses is usually 2-3°.

Accuracy of direction finding by ground
high~frequency direction finders with
the sum-difference method of direction
finding is approximately 0,25°, and
2-3° when direction finding by the
minimum and aural method.

Accuracy of distance measuring in ranging
systems with the employment of special
methods of measuring time intervals 1is
15-20 m.

of measurement of azimuth and
azimuth-ranging systems is 200~
range and 0.3-0.5° in azimuth

Accuracy
range in
250 m in
[15]

Root-mean-square errors in determining
line of position 6 u in kilometers can
be caltulated with the following for-
mulag: a) for a goniometric system:

6 u=0.,01745R¢ (@),
where 6 (@) -~ root-mean-square error

in determining azimuth, °; R —- distance
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Indi-
ca-
tor

Substance of Indicator

Quantitative Relation

line
(sur-
face)
of
posi~
tion

Oper-
at-
ing
zone

values. 1f error in measure-
ment of parameter p is desig-

nated with A p, error in deter

mining l1ine of position is
Au=
. S—
= —,
V {alax) + @oy)
while error in determining
surface of position is

Au=
-
V @Fx -+ 0f 0gy++
-+ (9f/02)%,
where p=f(x, y, z) -- equa-

tion of parameter in general
form
The operating zone of a radio

navigation system is that por-

tion of space within which
reliable communications are
ensured between airborne and
ground equipment, while error
in determining an aircraft's

position does not exceed a cer r

tain specified amount. In
radio navigation systems an
aircraft's position is deter-
mined by the point of inter-
section of two lines of posi-
tion. If the lines of posi-
tion are determined with er-
rors Auj and Auy, in place
of the true position of the
aircraft a certa.a point will
be obtained which is dis-
placed relative to the true
position by the amount of
radial error

1
sina X

x Y dub 4+ dup + 7

—_—
~ +-24u,Au, cos g,

7=

where «
tion of lines of position.
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—- angle of intersecq

from transmitter to direction finder,
km; b) for a distance measuring system:
6 (u)=0.15 s (t),

where 6 (t) -- root-mean~square error
in measuring time, microseconds; ¢) for
a difference-ranging system:

0,150 ()
o) = g2
where Y -- angle at which the system
base can be seen from a moving point, °;
6(t) -- root-mean-square error in mea-
suring ground station signal receiving
time difference, microseconds

A distance-measuring or ranging system
consisting of two ground stations
located at the ends of base d, and an
airborne DME.

Error in determining position (in
kilometers) 1s

0,212 o (f)

«= " sina °*
where & (t) —— error in measurement of
parameter (time), microseconds. Minimum
error value will occur when @ =90°.

Lines of equal accuracy are circles
resting on base d and on a chord with
central angle 2¢ and radii

",d d

Re=tmiew = Toms

The operating zone is bounded by a
region within which the angles of inter-
section of lines of position @ lie
within boundaries of from 30 to 150°,
and by arcs of a circle with radii
equal to the range of reliable communi-
cations (Figure 4.8)

A goniometric system consisting of two
direction finders of equal accuracy,
separated from one another by distance
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Indi-
ca-
tor

Substance of Indicator

Quantitative Relation

Since random errors of deter-
mination of each line of
position are governed by the
normal law of distribution,
while their appearance can

be considered mutually in-
dependent, accuracy of
determination of position can
be estimated by the radius

of the root-mean-square
circle of dispersion

f_ ==

] sina
XV Eml + o u

where ¢ uy and & uy are root-
mean-square errors of deter-—
mination of lincs of posi-
tion.

Knowing expressions 6 u; and

o uy for a concrete type of
system, one can plot the oper-
ating zone of a radio naviga-
tion system.

Usually lines of equal accura-
cies of position determination

at which position determination

error is double its minimum
value are selected as
operating zone boundaries

d. With an equality of errors in deter-
Inining bearings, error in determining
position (ia kilometers) will bhe

, 0017450 (5) VRE+ Rg'

e

sina
where 6 (@) -- error in measuring bear-
ing, °; Ry, Ry —- distances from direc-

tion finders to aircraft, km.

Lines of equal accuracy differ from
circles. Minimum error of position
determination (in kilometers) is found
on a perpendicular to the base and is
cqual to

£ o min = 00160544 (3),

where d Ls expressed in kllometers, and
6 (¢) in degrees,

The shape of the operating zone 1is shown
in Figure 4.9,

Difference-ranging system.

(With identical accuracy of measurement
of time intervals by the airborne equip-
Iment, error in determining position

I(in kilometers) is

RTINS
sina
1 1
LI O S
« ] TR
3 2 e
sin o) sin* D)
where 6 (t) -- error in measurement

of time intervals, microseconds; @ -~
angle of intersection of lines of posi-
tion, °; ¢ 1, 9 —- angles at which
system bases are visible, °

The shape and dimensions of the operat-
ing zone depend to a substantial degree
on the angle between the statlon bases.
If a comparatively poor accuracy of
position determination on is aliowable,
then in order to obtain the largest pos-
sible zone it is advantageous to take
this angle close to 180°, 1If it is
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- Table- 4.5 (cont'd)

[ndi~ "

:pa;w

Substance of Indicator

A,

Quantitative Relation

iitoﬁ.

Through-
put
or
traf-
fic
cap-
aci-
ty

Throughput or traffic capacity
of a radio navigation system
is defined as the maximum num-
ber of aircraft which can be
handled by the system simul-
taneously.

If traffic capacity is equal
to 1, for such systems it is
indicated how meny aircraft
are handled in o unit of time

necessary to achieve the greatest pos—
sible accuracy of position determina-
tion, the angles between bases should
be between 60 and 90° (Figure 4.10).
Goniometric ranging system with one
radio navigation point. Error in
determining position (in kilemeters)
is

where 6 (®) and & (R) are root-mean-
square errors of measurement of azimuth
and range, radians and kilometers; Rg --
measured range, km.

The operating zome of such a system is

a circle with its center at the radio
navigation point and with a radius (in
kilometers) of

res ¥ A=(9).

where & (R) and r¢ are expressed In
kilometers, and ¢ (¢ ) in radiams.

The throughput or traffic capacity of
aviation radio navigation systems is
determined by the principle of their
operation and conditions of utilization.
Goniometric systems. In ground beacon-
airborne receiver systems (azimuth
channel of a goniometric-ranging sys-
tem) or airborne radio direction finder
(radio compass)-ground transmitter sys-
tem (nondirectional beacon) -- ae-way com-
munication link. Traffic capacity is
unlimited.

In a ground direction finder-airborne
transmitter system, traffic capacity

is 4-5 aircraft per minute.
Distance-measuring systems. In distance-
measuring systems where distance is
measured by airborne equipment, traffic
capacity is limited to the finite num-
ber of response signals which can be

produced by a ground repeater without a
substantial decrease in the power of
each,
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Table 4.5. (cont'd)

ca-
tor

Indi- nSuthancc of Indicator

Quantitative Relatlon

Ef-
fi-

_ cien-
cy

The efficiency of a radio
navigation system is deter-
mined by the time expended
on obtaining rveadings,
processing and utilizing
data. Efficiency increases
significantly with employment
of simultaneous automatic
reading of parameters, high-
speed computing devices, as
well as automatic command sig—
nal input into the aircraft
control system

The maximum number of interrogators
(aircraft) handled simultaneously,
proceeding from the capabilities of the
repeater, is

where T y and t xo,a, -— response code
group repetition period and durationm,
seconds; ¢ payx —- allowable space factor
value,

Difference-ranging systems have an un-
limited traffic capacity, since they in-
volve one-way communication: ground
station - airborne receiver.
Goniometric-ranging systems have un-
limited traffic capacity in the gonio-
metric channel and 50-100 aircraft
simultaneously in the DME channel [15]
Goniometric systems. In systems of

the ground beacon-airborne receiver
type (azimuth channel of a goniometric-
ranging system), measurement of bearing
is automatic, with practically instan-
taneous azimuth indication, while
automatic pilot coupling can be secured
with automatic computer data input.
Channel efficiency is high. In systems
of the ground transmitter (mondirectional
beacon)-airborne direction finder (radio
compass) type system efficiency is
determined by relative bearing indicator
reading time (fraction of a second) and
time to process two bearings (for deter-
mining position). Bearing processing
time usually amounts to tens of seconds.
In a ground direction finder-airborne
transmitter system, efficiency is low

as a rule, due to the necessity of
transmitting direction finding results
by radio channel to the aircraft, and
runs 15-20 seconds [15].
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Tahle 4.5 (cont'd)

Tndl-§ Substance of Indicator Quantitative Relation
ca-
tor

DME and difference-ranging systems
are highly efficient due to automa-
tion of the measuring process and
measured data computer input,
Goniometric-ranging systems are high-
1y efficient due to the capability

of practically instantaneous measure-
ment of aircraft range and azimuth
and automatic computer input of mea-
sured data

Y6 =0,2720 (t)

1G=0,2406(t)

Figure 4.8, Operating Zones of Distance-Measuring System

B
M
a
g
Figure 4.9. Operating Zones of Figure 4.10. Operating Zones of
Goniometric System Different-Ranging Systems for
_ Angle Between Bases at 90° (a) and
180° (6)
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4.5, Description of Illumination Equipment

11luminat fon equipment {s used to ald alrcraft takeoffs and landings,
as well as airfield ground traffic., Classified by function, these facilities
consist of signal and marker lights, and landing lights.

Lights are placed on the field and on the approach to the field in such
a manner as to provide the pilot of a landing aircraft an indication of
the direction of the runway centerline, horizon line, and distances to the
_ touchdown point. Depending on the class of the airfield (top-category,
- first or second class), the total number and intensity of the lights vary,
but their general deployment around the runway is identical and is done on
the basis of a standard lighting pattern.

Lights are divided by function into the following: approach llghts, close-

In approach 1lights, boundary lights, threshold lights, runway Ffar end lights,
runwiay lateral limit lights, landing clearance lights, and departure

lights., TFollowing is a brief description of these lights.

Approach lights -~ red, continuous or flashing, are placed on the runway
centerline extended, from the middle marker (BPRM) toward the outer marker
(bPRM) a distance of 1,500 meters, usually with 100 meter spacling. Their
purpose is to indicate to the crew of an aircraft on final approach direction
to the runway, and to help in transition from instrument to visual flight.
Usually approach lights are lens-type high-intensity lights.

Close-in approach lights are red, continuous, running from the runway
threshold to the middle marker, spaced every 100 meters., These lights form
two rows, forming a continuation of the runway lateral limit lights. To help
the aircrew obtain better orientation and to designate the point of inil-
tiatton of flare, the left row of close-in approach lights is marked by
palred 1ights. The close-in lights are also of the lens type and are fairly
high-intensity,

Boundary lights ~- red , lens-type or neon ~- mark airfield boundaries and
establish a light horizon. They are set up at a distance of 400 meters
from the end of the runway, perpendicular to the runway axis, with 25 meter
spacing.

Threshold lights -- green, lens-type -~ mark the runway near end. They are
set up at the end of the runway, to the left and right, outside the runway
limit,

Runway far end lights -—- red -- are employed to mark the end of the runway and
to warn against overrun. They are placed on a line parallel to the runway
cnd, 1-5 meters beyond the end.

Runway lights —- white and white-orange -- mark the runway lateral limits
and fndicate the directfon of landing and takeoff roll.
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They are positioned along the left and right edges of the runway at 50 meter
spacings. Lights with white-orange color filters are located at the beginning
and ¢nd of the runway, at a distance of 600 meters from the runway ends; the
orange color filter is directed toward the runway centerline, This enables
the pilot to obtain orientation on the runway end during rollout. Ruaway
lights are placed in such a manner that accidentally running into them will
cause no damage to the aircraft. They are mounted flush with the runway

or on low, readily-tipping supports.

Landing clearance lights -- flashing, lens-type. Landing clearance lights

are green, clearance denial lights are red; placed on the left-hand side of
the runway opposite the touchdown point (300 meters from the runway threshold).
They signal to the pilot landing clearance or clearance denial, and also mark
the touchdown point on the runway.

Departure lights —- red -- are employed to indicate the direction of takeoff
roll and provide visual spatial orientation following liftoff; they are
placed 400 meters beyond the runway end, in the same configuration as the
runway far end lights. In addition, a departure light is placed at a point
1,000 meters from the runway end.

Customarily neon beacons are employed to aid guidance to the airfield. They
are placed on the runway centerline extended at a distance of 1,000 meters
from the runway threshold. For airfield identification these beacons flash
the airfield's call letters -- several (usually two) letters in the

telegraph code. All the above-enumeratec illuminating equipment, however,

may prove insufficient for a sure landing during hours of darkness, Therefore
as a rule the runway is 1lluminated with spotlight-type landing lights. They
are mounted on the left side of the runway in such a way as to ensure approx-
imately equal runway illumination along its entire length.
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Chapter 5. INFLUENCE OF THE ATMOSPHERE ON OPERATION OF
RADIO COMMUNICATIONS AND RADIO-RADAR SUPPORT SERVICES
EQUIPMENT

5.1. Spectrum of Electromagnetic Oscillations

Electromagnetic oscillations occupy a band of frequencies from 3 x 1073 to

3 x 1020 13z, This band containms radio waves, infrared rays, visible light,
ultraviolet rays, X-Rays, and gamma rays.* Within the spectrum of electro- |
magnetic oscillations, radio waves occupy a band of frequencies from 3 x 10
to 3 x 1011 Hz,

Pursuant to an international radio communications agreement, the radio
frequency spectrum ls subdivided Into nine frequency bands, which are desig-
nated by whole numbers from 4 to 12 in ascending order, as shown in Table 5.1.

Table 5.1. Spectrum of Radio-Frequency Oscillations

Band]Frequency Band (Not Includ- |Waveband Subdivision in | Letter Designation
Num—-|ing Lower Limit, Including the Metric System of Frequency
ber |Upper Limit) Bands

4 From 3 to 30 kHz Myriameter ONCh (VLF)

5 From 30 to 300 kHz Kilometer NCh (LF)

6 From 300 to 3000 kHz Hectometer SCh (MF)

7 From 3 to 30 MHz Decameter VCh (HF)

8 From 30 to 300 MHz Meter OVCh (VHF

9 From 300 to 3000 MHz Decimeter UVCh (UHF)

10 From 3 to 30 GHz Centimeter SVCh (SHF)

1 From 30 to 300 Chz Millimeter KVCh (EHF)
12 From 300 to 3000 GHz Decimillimeter GVCh [cyrillic

designation]

- Table 5.2 contains the classification of bands of electromagnetic oscilla-
tions adopted in the USSR,

* X-Rays and gamma rays occupy a band of frequencies from 3 x 101° to 3 x 1020
Hz
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Table 5.2. Spectrum of Electromagnetic Oscillations
1 Ananason. Tu 2| 3 [uamason, u
HauMenosaHHE NRAMASOHD um«ung pepxu§ 4mmun Soepxnnu
rpAHUUA | [paHMUS | TPaMHUA | rPa HHuP
PannoBoARH  HHGPAIBYKOBHX 3.0 | 3.10° ioun 10
- # 3BYKOBHWX 98CTOT
Cecpxanuniue soawn (COAB)7| 3-10° | 3. 10¢ 108 104
Naunkse soaku (OB) 8 3.100 | 3.10° 10¢ 10°
Cpensnne auaus (CB) 9 3.10% | 3.10¢ 103 102
Koporxne somms (KB) 10 3.10° | 3.107 108 10
Yabrpakopotkne sosKm: 11 3.100 | 3108 10 10-3
8) merposwe (MB);1 3.10" | 3-108 10 1
. 6) neunmerposwe ([ILIB); 13| 3.108 | 3.10° 1 10-!
3) cantumerposwe (CMB); 14| 3.10¢ | 3. 1000 | 10~} 102
r) maaaumerposwe (MMB)15( 3.1010 | 3. 108 102 10-3
Ontuaeckne soant: 16 3.qonl 3.10m | 107 10~7
a) mudpaxpacune (MKJ); 17] 3.100} 4. 101 1023 [75.107
6) sunuMuh coer; 18 4. 100 |7,5. 10| 75.10~7 4 -10~7
8) yabrpadHoneToBHE (ydm}g 75.1001 3.10814.10°7] 1077
Key:
1., Band designation 11. VUltrashort waves
2. Band, Hz 12, Meter (MV)
3. Band, m 13. Decimeter (DTsV)
4, Lower limit 14. Centimeter (SMV)
5. Upper limit 15. Millimeter (MMV)
6. Radio waves of infrasonic and 16, Optical waves
audio frequencies 17. Infrared (IKL)
7. Very low frequency (SDV) 18, Visible light
8. Low frequency (DV) 19, Ultraviolet (UFL)
9. Medium frequemcy (SV)
10, High frequency (KV)

— e

5.2.
Radio Waves

Structure of the Atmosphere and Its Influence on Propagation of

In the atmosphere enveluping the earth there are two regions which affect
propagation of radio waves: the troposphere, and the ionosphere,

The troposphere is the earth-adjacent layer of atmosphere, which extends to
an altitude of 10-15 km and which consists of a mixture of nitrogen, oxygen

and argon,

The troposphere is inhomogeneous both vertically and along the earth's sur-

face.

1n addition, the properties of the troposphere change with change

in metcorological conditions: pressure, temperature, and humidity.
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a Pressure decreases with increasing altitude, initially (up to 10 km) rapid-
ly, and then more slowly, At the earth's surface pressure is 1000 mb, and at
an altitude of 10 km -- 270 mb,

The temperature of the troposphere, with normal meteorological conditions,
drops uniformly by 5-6°C with each kilometer of increasing altitude and
reaches -56°C at an altitude of 10-14 km. With disturbance of meteorological
condlitions, distribution of temperatures changes with altitude., In this
case rcglons of temperature inversion may form in the troposphere (regions in
- which the temperature increases with altitude). We must note that the
phenomenon of temperature inversion substantially affects the propagation of
VH¥-UHF radio waves. Air humidity usually decreases with altitude and is
highly dependent on meteorological phenomena (rain, fog, wind, etc). When
these atmosphere parameters change, the dielectric constant of air changes, 1s
does the related refractive index n. At the earth's surface index n is
1.000338. With a change in pressure, temperature and humidity it can decrease
on the average by 4 x 107° with each 100 meters increase in altitude. The
refractive index changes more substantially with sharp changes in meteorologi-
cal conditions. This leads to a more pronounced influence of tropospheric
refractin on the propagation of radio waves in the troposphere. The trajectory
of radio waves can be significantly bent, and the higher the frequency the
greater the bending. Therefore tropospheric changes particularly ap-
preciably affect the propagation of decimeter and centimeter waves, which
are extensively employed in air traffic control facilities. The tropo-
sphere contains local inhomogeneities caused by turbulent (with vortices)
air movement, which strongly affect the propagation of VHF-UHF waves.

The ionosphere is that region of the atmosphere lying at an altitude of 60~
2000 kim above the earth's surface. There takes place in the ionosphere a
continuous process of ionization of mulecules under the influence of ioniz-
ing factors. Ionization is the name given to the process of splitting of
gas molecules into positively and negatively charged particles -- ions --
with the release of free electrons.

In addition to ionization, recombination of molecules also occurs in the
atmesphere -- the process of joining of ions of opposite signs, that is, the
forming of neutral molecules. In the upper layers of the atmosphere the air
is highly rarefied, distances between gas molecules are fairly large, and
the process of recombination takes place slowly in these layers. It fol-
lows from this that the upper (rarefied) layers of atmosphere are highly
ionized, and therefore they possess good conductivity.,

Tonization of the upper layers of the atmosphere takes place under the
influence of a number of factors, the principal factors among which are

the following: solar ultraviolet radiation, cosmic rays, corpuscular fluxes
cmitted by the sun, stellar light, and meteors. Under the influence of any
of these factors, an atom's electrons move from one stable orbit into

another (atomic excitation), while with sufficient intensity of this factor
they detach from the nucleus (atomic ionization). The processes of excita-
tion and ionization are connected with expenditure of energy by the source
under the influence of which ionization takes place, that is, with absorption
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of encrgy. For excitation or for jonization, for example, a light quantum
should possess sufficlent energy for transition of an electron from one
stable orbit to another. The light quantum value 1is determined as the
product of the light oscillation frequency times the Planck constant:
h=6.62619610,000050 x 10-34 j.s. Consequently, light activity increases with
an Increase in oscillation frequency, that is, with transition into the
violet and ultraviolet regions of the spectrum. Thus solar ultraviolet
radiation and cosmic rays are of the greatest significance for ionization of
the atmosphere,

Since the chemical composition of the air changes with altitude, and different
gases possess a differing capability to absorb solar radiation of differing
frequency, the degree of {onization of the atmosphere will differ from layer
to layer. The state of ionization is generally described by the magnitude

of c¢lectron concentration N, which corresponds to the number of free

electrons in one cubic centimeter of gas. Each layer of the ionosphere has

an electron concentration of specified magnitude N, which changes in

relation to time of day, year, local latitude and the ll-year solar activity
cvecle.

foncaphere Layers are characterized by the following parameters: elcctron
density at lonlzatlon maximum Ny pay OT critical frequency fyg, altitude of
lower ionization boundary hg, layer half-thickness, that is, vertical dis-
tance from the lower boundary of the layer to the altitude of maximum
ionization hy,,, and by the number of electron collisions with heavy
particles v. As a result of ionosphere investigations it has been established
that it consists of regions (layers), which have been given the following
designations: D, E, Fy, and Fp.

Table 5.3 presents the principal characteristics of the ionized regions of the
ionosphere.,

Table 5.3. Principal Characteristics of Ionized Layers of the Ionosphere

Designa-[Principal Properties of IonizedFQuantitative Characteristics of

tion of |Regions From the Standpoint of Ionized Regions
lonized |Their Influence on Propagation JAlti- Molec-rElectron Num—- JRecom—
Regions {of Radio Waves tude,Jular Jor Ton |ber [bination
(Layers) km Densi- |Concen- Jof Coefficient,
ty, tration, fcol- Jcm’/s
1/em3 f1/end3 |11
sions,
1/s
Region It is the lowest %ayer of the 60- 1014_ 100~ 107 10—5_
(layer) |ionosphere and exists only dur- |90 103 at 10-7
D ing the day (disappears at (day) 1016 elec- the
- night).‘ The daily cycle of trons Lower
c@ange in elgctron concentra- or 109~ |boun-
tion and altitude of occur- 108 dary

rence of the maximum repeat
each day. Due to a high densi-
ty and substantial number of
collisions between electrons
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Principal Characteristics of

Ionized Layers of the Ionosphere

Designa—fPrincipal Properties of Tonized|Quantitative Characteristics of
- tion ol JReglons From the Standpoint of onized Reglong
tonized |Their Influence on Propagation f[Alti-jMolec-}Electron |[Number fRecom-
Regions |of Radio Waves tude,jular for Ion [of Col- %ina—
(Layers) km Densi- JConcen- ilisions,jtion Co-
ty, tration, |1/s efficient,
1/cm3 {1/cm3 em3/s
and heavy particles, absorp- H
tion properties are strongly !
marked in this region. As a
result short, medium and long
waves are entirely absorbed
in this layer over a path of
several kilometers, VLF waves
are reflected from it without
experiencing great absorption
(for this reason the proper-
ties of a metal reflector are
ascribed to the D layer)
Region [|The altitude of this layer is |95- }5 x During 103 Day 10“7,
(layer) Jlittle dependent on time of 120 l101i- jthe dag inight
E day or season, The electron 1013 |1 x 102- 10-8
density of the E layer shows 4 x 105,
a patterned seasonal variation: at
maximum values Nalnax and fkp night 3
are observed during the summer 5 x 10°-
months. At night these param— 104
eters remain at a constant
1ovel,  This layer's electron

concentrat lon during hours of
illumination is unambiguously
determined by the magnitude of
zenith angle X , that is, N=
Nmax01/53§3?(Nmax0 -- maximun
value of N in the given re-
gion when X =0). The E layer
principally affects propagation
o medium-frequency waves.
From time to time a highly
ionized layer is formed at the
altitude of the £ layer --
"sporadic F layer" (designa-

tion lig), the electron concen—
tratlon of which geveral times
that of the normal I region.
The Fg layer may oceur at any
time of the dav and year, but

at the middie latitudes 1t most
frequently (orms during the day
in the summer months; in the
polar regions the Eg layer
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Table 5.3. Principal Characteristics of Tonized Layers of the Lonosphere

peslgna- fPrincipal Properties of lonized fQuantitative Characteristics of

tion of JRegions From the Standpoint of Ionized Regions

lonized }Thefr Influence on Propagation [Alti- Molec- JElectron}Number [Recom-
Regions Jof Radio Waves tude,jular Jor Ion Jof Col- bina-
(Layers) km Densi- |Concen- }lisions,jtion Co-
ty, tratjion,|{1/s efficient,
1/emd |i/cm cmd/s

occurs primarily during the
hours of darkness, and in the
equatorial zone during the day.
It is fairly stable in altitude,
differing in altitude from the
E layer by 5-10 km, and does
not last at any one time more
than several hours. This layer
primarily affects short-dis-
tance daylight reflected-wave
radio communications.
Region |The Fy layer is similar in Day ~101 |2 x x9
(Layer) |properties to the E layer and }180- 4.5 x 10™
Fq differs from it only in a some- {240, 105
what sharper change in seasonaljat
electron density (its ionizaton |night
in mid-summer is somewhat the
greater than at the beginning |layer
and end of the year). The dis-
electron concentration of the ap—
¥; layer changes synchronous~ |pears
1y with the height of the sun,
and maximum i1onization is ob-
served precisely at midday. At
sundown it rises and merges
with the Fp layer. Fp layer is
observed primarily at middle
latitudes during daylight hours
of the summer months and .nder
certain condirions arfects
shortwave proragation
Region |The F, layer :: an unstable 230- 101 winter J103- Day ? X
(layer) |formatlon of ti» lonosphere. 400 day -- 104 10-] s
1"y Flectron concentration and maxinumj night
altitude of t!,> maximum vacil- 2 x 106, 3x
lates considerably from one summer 10-11
day to the mext. Disturbances day --
frequently occur in this layer. maximum
Two sharply-marked conditions 2 x 100
are characteristic of the Fp winter
layer -- winter and summer. night —-
The winter N curve is character- 3 x 102
ized by a high maximum, which

et |
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Table 5.3.

Principal Characteristics of Ionized Layers of the Tonosj.:re

Designa-

Frincnnd Properties of JTonized
tion of R

cglons From the Srandpoint of

Quantitative Characteristics of
lonlzed Reglons

Alti-
tude,
km

fonized
Regions
(Layers)

Their Influence on Propagation

lof Radio Waves ular

Ly,

Molec—
Densi-

1/cmd

Electron
or Ion
Concen-
tration,
1/cm3

Number iRecoum-

of Col—;bina—

lisionsﬁtion Co-

i/s jefficient,
em3/s

is somewhat delayed relative
Ito local midday, and a deep min~
imum during the predawn hours.
The summer curve is much
flatter, which is due to heat-
ing of the atmosphere and
rising of air masses. Daily
variation of elcctron concen-—
R tration in F, dvpends on geo-
magnetic latitude, while an-
lhual variation also depends on
the ll-year solar activity
cycle.

The F, layer is of interest,
since it determines conditions
of shortwave propagation

5.3.

o amaE AR % %

Influence of the Features of Propagation of Radio Waves of Various

Bands on Accomplishment of Radio-Radar Air Traffic Control Support

Tasks

The operational cffectiveness of air traffic control facilities is in direct

relation to the condit!as of propagation of electromagnetic waves.

Radio-

radar cquipment of various wavebands is employed in the process of radio com-
munications, navigation, detection, identification, guidance and landing ap-

proach, from very low frequency to EHF.

Table 5.4 presents the influence of the specific features of propagation
of radio waves of the various bands on accomplishment of the missions of

radio and radar facilities.

Table 5.4. Employment of Radio Waves of the Various Bands for Performance

of Radio-Radar Facilities Tasks
Desig- Specific Features of Propagation JAdvantages and Draw- Employment of
nation Jof Radio Waves of This Band backs of Radio Waves }Waves of This
of of This Band Band to Per-
Fre- form Radio-Radar
quency Tasks in Aviation
Band Communications
) and RTO
Very [Maves of this band reflect well |Advantages: Can be employed:
low from the lowest ionized layer relative constancy for communica-
frequef(during the day from the D of field strength at [tion with sub-
cy an:1layer, at night from the lower the receiving point |merged submarines

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

¥OR OFFICIAL USE ONLY

Table 5.4 (cont'd)

Dosirnartion
Froquen-

0t

cv Land

low

frequen-

Yy

Medium
fre-
quency

Specific Features of Propaga-
tion of Radio Waves of This
Band

Advantages and Draw-
backs of Radio Waves
of This Band

Employment of Waves

of This Band to Per-
form Radio-Radar
Tasks in Aviation
Communications and RTO

houndary of the E layer), and
at great distances the field
intensity of the sky wave
proves greater than that of
the ground wave, The mechan-
ism of propagation of these
waves is dictated by the
presence of a natural wave-
guide bounded by two semi-
conducting concentric spheres
—-- the earth and the iono-
sphere. Waves of 2,500-
3,500-meter length are op-—
timal here, while waves of a
length of approximately
100,000 m are eritical. A
very imporiant property of
these waves is thelr in-
significant absorption dur-
ing passage through the

ground or sea., Variations in
field strength at the
receiving point do not ex-
ceed 10~30% of nominal value,
and these fluctuations oc-

cur fairly slowly. These
changes in field intensity
have a daily cycle (increase
with onset of darkness, and in
many cases during the hours of
sunrise and sunset). The an-
nual cycle of variation in
field strength as well as the
influence of th¢ lLl-ycar solar
activity cyele are not strong-
ly-marked.

Waves of this band are propa-
gated In ground and sky waves.
Therefore hree configurations
of medium—frequency communica-
tions are differentiated.
Either only a ground wave or
only a sky wave, or a surface
and sky wave together arrive
at the rcceiving point.

during the course of
a 24-hour period,
year and ll-year
solar activity cycle;
insignificant ab-
sorption during pas-
sage through the
ground or sea;
insignificant
fluctuations in
field strength oc~

ing point take place
slowly, over the
course of several
tens of minutes and

they do not hinder
signal reception).
Drawbacks:

small frequency

unwieldy antenna
structures and high
powers are required
for radio equipment
in this band;

ility during the

morning and evening
hours (when the al-
titude of reflection

Advantages:
bends well around

sphere (signal-noise
ratio);
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curing at the receiv-

cven hours (therefore

capacity of the band;

some phase instab-

of these waves changes,

and underground
facilities;

for long-range
radio communication=
and radio navigation
(primarily in the
polar regions);

in radio systems
for transmission of
time signals and
weather reports;

in phase naviga-
tion systems.

Can be employed:
for radio com-

terrain irregularities;lnunications in
favorable propagation
conditions at temperae
and northern latituds
of the Northern Hemi-

mountain regions
(on highly irregular
terrain);

for radio naviga-
tion (homing
beacons and other
navaids) ;
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Table 5.4 (cont'd)

Dvsinn}&ion Specific Features of Propaga- | Advantages and Draw- :Hmployment of Waven
of Frequen- ftion of Radio Waves of This backs of Radio Waves fof This Band to Per-

cy Band Band of This Band

:form Radio~Radar
iTasks in Aviation

= During the day, with strong occurrence of re-
absorption in the D layer, fraction in the

o or at any time of day or troposphere, which

‘ night but at short dis- somewhat increases
tances from the transmitter, range of propagation
only ground waves reach the of ground waves and
receiving point. They are has practically no
actively absorbed by the effect on propagation
semiconducting earth's sur- of sky waves.
face and therefore provide Drawbacks:
radio communications at small frequency

h limited distances (approx- capacity of band;

- imately 1,000-1,500 km with comparatively un-
transmitter powers of wieldy transmitting
hundreds of kilowatts). At antennas;
night only sky waves reach occurrence of fad-
the receiving polint with ing, which creates
long=distance communications. |considerable dif-

AL the onset of darkness ficulties for radlo
ground and sky waves may communications and
simultaneously reach the radio navigation
receiving point, Depending (average duration of
on the phase difference be- fading varies from
tween these waves, the one second to several
resultant field may prove to [tens of seconds);

be less or greater than the strong influence
field of each of the inter- of nonlinear proper-
fering waves. This also ties of the iono-

causes fading (fading is most [sphere on propagation
sharply marked at frequencies jof medium waves (this
approaching the lower e¢nd of Jleads to the occur-
the band). rence of cross modula-
Seasonal fluctuations in tion of already

Meld strength are expressed fmodulated radio sig-
in the Fact that in the hours hals)

of darkness during the summer
months one can cxpect only

a slight Increase in ahbsorp-
tion in comparison with the
nighttime hours in the winter
month, During daylight hours
one observes a clearly-marked
relationship between signal
level and season (manifested in
a substantial decrease in the
field strength of sky waves
during the summer months in
comparision with winter),
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Communications and RTO
| for radio communi-
cations and naviga-
‘tion at tem-

erate and northern
atitudes of the
Northern

@emiSphere;

for ground wave
radio broadcasting
(employing anti-
ifading antennas)
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Table 5.4 (cont'd)
Diess fpnat Ton Speetfie Features of I'ropaga- Advantages and Draw- [Employment of Waves
ol Freguen- Lion ol Radie Waves ot This backs of Radlo Waves fof This Band to Per-
ey Band Band of This Band form Radio-Radar
Tasks in Aviation
Communications and RTO
The 1l-year solar activity
cycle as well as ionospheric
disturbances insignificantly
affect the propagation of
medium-frequency waves.
High {Can propagate by ground and Advantages: Can be employed:
fre- sky wave. However, as a con- long-range commu- for long-range
quen- |sequence of strong absorption {nications with com— radio communica-
cy of shortwaves by the soil, paratively small an- Jtion between

communications range by
ground wave is greatly
restricted. Long-distance
radio communications are ef-
fected only with sky waves,
which are reflected once or
multiply from the ionosphere
(mostly from the Fp layer).
Effectiveness of radio commu-
nications is determined by
the following conditions:

the selected signal fre-
quency should ensure wave
reflection from the iono-
sphere;

wave absorption in iono-
sphere layers should not ex-
ceed an allowable figure.
Optimal operating frequencies
for specific radio communica-
tion links are selected on the
the basis of prior-prepared
radio forecasts.
Shortwave radio commurica-
tions are depencent on the
state of the ior ~sphere, or
in other words or the time
of day, season, direction of
radio communica:ilon link,
and the 1ll-year solar activi-
ty cycle. At night range of
communications is greater
than during the day, and in
wirter greater than in
summer. As a conscquence of
the ahove we differentiate
daytime frequencies (From 10
to 25 meters), nighttime fre-
quencies (from 35 to 100
meters), and int.rmediate

mitter power;

little absorption
of radio waves in the
ionosphere;

cy capacity.

Drawbacks:
inconstancy of

conditions of propagaq

ity of the state of
the ionosphere;
occurrence of deep
fading, which are
much greater than in
the medium frequency
band;
occurrence of skip
zones ("dead" zone);
occurrence of the
phenomenon of signal
repetition (echo
phenomenon) ;
occurrence of dis-
ruptions of radio com-
munications caused by
ionospheric distur-
bances (ionosphere-
magnetic storms, sud-
den flareups of wave
abscrption, appearancs
of sporadic g layer),

ith aircraft;

for determining
bearing to moving
objects from the

tennas and low trans—esround stations and

high band frequen-iground;

for predicting
optimal frequen-
cies (by the
oblique~-return

tion, due to variabil#sounding method)
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Table 5.4 (cont'd)

USE ONLY

Designation
of Frequen-
ey Band

Specific Features of Propaga-
tion of Radio Wavess of This
Band

Advantages and Draw—
backs of Radlo Waves
ol Thils Band

Employment of Waves

of This Band to Per-
Form Radbo-Radar

Tasks in Aviattion
Communications and RTO

Very
high
fre-
ency

wavelengths (from 25 to 35 m).
The best conditions for com—
munications are observed on
radio links extending
meridionally, with worse con-
ditions on radio links extend-
ing latitudinally. Shortwave
radlo communications are
stronply affected by the 11-
year solar actlvity cycle

(in relation to perlodic
degree of ionization).
Shortwave radio communica-
tions are also strongly in-
fluenced by sky wave angle

of radiation a. When this
angle is greater than
critical, the wave passes

into space and does not
return to earth. Low-

angle waves, reflecting from
the lowest regions of the
lonized layer, rcach dis-

tant points on the earth's
surface (the lower the angle,
the greater the range of

radio communications). The
shorter the wave, the smaller
the critical angle and the
greater the range of radio
communications.

Meter waves do not bend readi-
ly around the earth's surface,
and for this reason the range
of their propagation by ground
wave only slightly exceeds
line~-of-~-sight, Meter waves
can propagate great distances
both as a result of reflection
from regular regions of the
ionosphere and from the
sporadic Eg layer, and as a
result of scattering in the
ionosphere. The former
phenomenon occurs primarily
during vears of greater solar

Advantages:
long-range radio
communications as a
consequence of
reflection from
regular regions of
the ionosphere and
sporadic Eg layer,
and as a result of
scattering in the
ionosphere;
comparative con-~
stancy of propaga-
tion conditions (ap-
proximately the same
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Can be employed:

for long-range
communications be-
tween ground sta-
tions and communi-
cations with air-
craft;

for secure
radio communica-
tions in transmit-
ting particularly
important informa-
tion;

for line-of-sight
communications
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5.4 (cont'd)

Designation
of Frequen—
¢y Band

Specific Features of Propaga-
tion of Radio Waves of This
Band

of This Band

Advantages and Draw-
backs of Radio Waves

Employment of Waves

of This Band to Per-
form Radio-Radar

Tasks in Aviation
Communications and RTC

activity, when the critical
frequencles sharply increase
(from the I'p layer and the Eg
layer), while the latter oc—
curs during scatterlng on
jocal inhomogeneities in the
region of the D layer (at
night in the lower region of
the E layer). The phenomenon
of ionospheric scattering can
be utilized at wavelengths
greater than 5 meters. The
daily field strength fluctua-
tion cycle is manifested in an
increase in field strength
during the daylight hours and
in the occurrence of a more or

at 1900-2100 hours local time
for mid-route. TIonosphere
scatter signals are accompa-
nled by slow changes in field
strength and fading. Iomno-
spheric disturbances have no
effect here, but there is a
strong effect of the
phenomenon of absorption in
the aurora borealis zone and
in the polar cap (wave passage
is disrupted).

Meter waves are quite readily
reflected from the ionized
tracks of meteors. Radio
waves striking an ionized laye
of air are reficcted chiefly i
that direction fur which the
angle of reflection is equal t
the angle of incidence. Con-
sequently only those meteors

be used for communications.
Such tracks are formed fiom
tlme to time. The duration of
eoxistence of ionized tracks
ranges from 0.1 to 100 seconds
and they are created at altitu

from 80 to 120 km.

FOR OFFIC

or less clearly-marked minimum

possiblity of

ly small power and
simple antennas are
required.
Drawbacks :

special require-
tions;
ditions of propaga-
ionosphere (for the
the meter band);

row frequency band

communications as a

as for shortwave com-
lmuni cation links with
the absence of iono-

spheric dlsturbances)

meteor communications,
for which comparative-

ments on equipment fo;W
long-range communica-

dependence of con-
tion on state of the
low~-frequency end of
comparatively nar-

usable for long-range

jbetween ground sta-
tions, for communica-
tions with and be-
tween aircraft in
flight (at wave-
lengths in the

order of 2-3 m)

which are suitably oriented can

consequence of scatter-
ing in the ionosphere,
and signal delay with
meteor communications

ﬁ

(o]

’
des
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Table 5.4 (cont'd)

USE ONLY

Uusigndtlon
of Frequen=
cy Band

Speciflc Featurcs of Propaga-
tion of Radio Waves of This
Band

Advantages and Draw-
backs of Radio Wavus
of This Band

Employment of Waves

of this Band to Per-
form Radio-Radar

Tasks in Aviation
Communications and RTO

UHF
and
SHF

Radio waves in the decimeter
and centimeter bands are not
reflected from the ionized
region of the atmosphere and
do not scatter in it. As a
consequence of this they
propagate short distances
above the earth's surface.
Some increase in range occurs
as a consequence of scattering
on inhomogeneities of the
troposphere (principally) and
to some degree as a result of
the directive action of
tropospheric waveguides.
Radio waves of these bands
practically do not refract
ionized regions of the at-
mosphere and pass easily
through the ionosphere.
agation of these waves is
affected by various features
on the earth's surface (moun-
tains, hills, forests, build-
ings); they cause reflection
and partial absorption of
energy. As a consequence of
this the resultant field is
determined by the correlation
of phases of reflected waves
and can be amplified or at-
tenuated. Decimeter-band
waves undergo practically no
molecular absorption or ab-
sorption in hydrometeors.
Absorption {n hydrometeors be-
comes appreciable at wave-
lengths shorter than 3-5 cm.
Absorption in water vapor
(molecular absorption) be-
comes appreclable only at a
wavelength of 1.35 cm, that
is, at the very boundary of
the centimeter band. There-
fore one can also for all
practical purposes ignore
molecular absorption of cen-
temeter waves

in

Prop-

Advantages:
high frequency
capacity of band;
possibility of
building extremely
small antennas (in-
cluding directional);
practical ab-
sence of influence
by atmospheric noise
and interference from
distant stations;
independence of
communications from .
time of day, season
and state of the
ionosphere,
Drawbacks:
inconstancy of
field strength with
communications on
broken terrain (due
to superimposing of
reflected waves with
different phases);
absorption of
waves in forest
tracts and in urban
buildings;
dependence of
propagation on
weather conditions
(appreciable absorp-
tion of centimeter
jwaves in hydro-
meteors)
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Can be employed:

for communica-
tions between air-
craft and ground
statlons and be-
tween afreraft and
in flight (prin-
cipally at decimeter
wavelengths) ;

for performing
radio navigation
tasks (for direc-
tion finding);

for detection
and tracking of
air targets (for
landing approach,
identification,
intercept and
aiming)




APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

“OR OFFICIAL

Table 5.4 (cont'd)

USE ONLY

Designation
of Frequen-
cy Band

Specific Features of Propaga-
tion of Radio Waves of This
Band

Advantages and Draw-
backs of Radio Waves
of This Band

Employment of Waves

of This Band to Per-—
form Radio-Radar

Tasks in Aviation
Communications and RTO

EHF

Optical
Band
Radio
Waves

Propagation of millimeter
waves 1s totally independent
of the ioncsphere. The
troposphere causes bending

of the trajectories of these
waves., They are strongly af-
fected by hydrometeors in the
form of rain, fog, hail, snow,
etc (which cause very sub-
stantial absorption). Under
conditions of heavy rain or
fog, millimeter waves for all
practical purposes cannot
propagate. They also undergo
strong molecular absorption
in the gases occurring in the
troposphere (particularly
water vapor and oxygen in the
air).

Experimental data indicate
that there exists a relation-
ship between the absorption
coefficient and frequency.

In the waveband from 1 to 10
mm there are four '"windows"
of relatively weak absorption,
namely in the region of 1.2
mm (4 =0.7 db/km), in the 2 mm
region (8=0.3 db/km), in the
3 mm region (J =0.22 db/km),
and at 8.6 mm (& =0.07 db/km).
These figures are correct
with a relative humidity of
60%. Absorption cocfficients
climb sharply wi: increased
humidity.

Radio waves of this band can
propagate both as ground
waves and freely propagating
waves, Their trajectories
are bent under the effect of
atmospheric refraction (radius
of curvature in the order of
50,000 km as compared with
25,000 km in the lower line-
of-sight bands).

Advantages:

large frequency
capacity of this
band;
possibility of
building extremely
small, highly-direc-
tional antennas;

favorable condi-
tions of propagation
by sky wave beyond t
troposphere, in a
region lacking
thunderstorms and
water vapor (in
space).
Drawbacks:
heavy absorption
of these waves in
hydrometeors (in the
form of rain, fog,
hail, snow, etc);
considerable
molecular absorption
in troposphere gases
(in water vapor and
oxygen)

Advantages:

large frequency
capacity of band;

possibility of
building extremely
small, highly-direc-
tional antennas;

possibility of
high energy concentr
tion and transmission
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Can be employed:
in communication
1inks outside the
troposphere, under
conditions whe:re
there are no
electrical storms
or water vapor;
for close-ringe
radar and commini-
cations on the
ground in trani-
parency "windows"

Can be employed:

in communication
lines beyond the
troposphere;

for comparative-
ly short-distance
ground communica-
tions;
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Table 5.4. (cont'd)
Designation § Specific Features of Propaga- Advantages and Draw- {Cmployment of Waves
of Frequen- tion of Radio Waves of This backs of Radio Waves [of This Band to Per-—
cy Band Band of This Band fsrm Radio-Radar
Tasks in Aviation
; Communjcations and RTO
Passage of these wavelengths |in sealed space for interference-
is greatly dependent on the (achieving isolation kK mmune communica-
presence of hydrometeors in from atmospheric tions in those
troposphere (rain, snow, fog, |precipitation of the jareas where precipi-
hail, etc), and under certain |emvironment in which ftation is rarely
conditions their passage can the waves propagate); fobserved
be totally blocked. Heavy negligible effect
haze can cause considerable of all types of inter-
absorption of these waves, as |ference on wave prop-
a consequence of which range |agationm.
of wave propagation under Drawbacks:
these conditions is greatly heavy absorption
reduced, ln the absence of in hydromcteors;
precipitation communications substantial absorp-
in this band (by ground wave) |tion in smoke and
can be effected at ranges from]haze
0.4 to 20 km, and only in
transmissivity "windows'" (0.4-
0.85, 0.9-1.05, 1,2-1.3, 1.5-
1.8, 2.0-2.5, 3,2-4.2, 4,-5-
5.2, 8.0-13.5 microns)
5.4, Physical Properties of Radio Waves and Their Influence on Utilization

for Air Traffic Control Communications and Radio-Radar Support Ser-
vices

The physical properties of radio waves which are affected ly the electrical
characteristics of the atmosphere and the processes taking place in it

determine the area of their application for purposes of air traffic control.
Some radfo devices and systems utilize the property of radio waves to prop-

apate by the shortent path ot a veloclty whleh Lo practically constant for

the entlre frequency band,

Thanks to this property one can determine the

shortest distance between an aireraft and the source of radiation of electro-

magnetic waves.

Therefore

Other radio devices and systems utilize the properties of
directional radiation and directional reception of radio waves.
this one can determine direction to an aircraft.

Thanks to
the conditions

of employment of radio equipment for air traffic control are inseparably
linked with the properties of the produced electromagnetic field.

In the most general case of propagation of radio waves, the amplitude and
phase of intensity of this field depend on the azimuth and angle of inclina-
tion of the wavefront and angle of polarization, as well as the phenomenon

of interference,

All this combined substantially affects the employment of

radio waves for communications and radio-radar air traffic control support
- services.
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The physical properties of radio waves, their influence and utilization for

aviation communications and RTO are presen

Table 5.5.

Physical Pro

for Aviation Communications and RTO

ted in Table 5.5.

perties of Radio Waves, Their Influence and Utilization

Physical Properties of
Radio Waves

Substance of Considered Physical
Property of Radio Waves

Area of Utilization of
Given Physical Proper-
tv of Radio Waves, or
Its Influence

Propagation of radio
waves in free space

and in homogeneous
(isotropic) media takes
place rectilinearly and
is accompanied by a
decrease in density of
energy flux with an in-
crease in distance r.
Along the earth's sur-
face radio waves prop-
agate following a

great circle arc

The velocity of prop-
agatlon of radio

waves is practically
indesendent of the
medium above which they
prop igate

1f space is limited to a cer-
tain volume, there will be a
certain quantity of energy per
unit of area S; (volusme V1) at
distance rj, while there will
be a smaller quantity of energy
per unit of area Sy (volume Vy)
at distance r2>ry. With a
spherical wave the energy flux
density is inversely propor=
tional to the square of the
distance r¢ (since with an in-
crease in sphere radius r its
surface increases proportional-
1y to r2). With plane waves
energy flux density and fileld
strength amplitude are in-
dependent of distance (since
the lines of direction of move-
ment of eneryy are parallel to
one another). Radio waves
propagate along the earth's
surface following the arc of a
great circle, which joins the
points of radiation and the
receiving point by the short-
est path

The velocity of propagation of
light waves in fr:e space is ome
of the so-called iniversal con-
stants. The valu: of this con-
stant is (c=299,931 km/s¥
300,000 km/s). Tie velocity of
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These laws of prop-
agation of radio
waves, taking into
account that their
velocity is finite
and extremely con-
stant, form the basis
of operation of
goniometric radio
navigation systems,
with the aid of which
one determines bear-
ings in space (they
encompass two
classes of systems:
radlo direction
finders and radio
beacons).

Radio direction
finders employ a
radio receiver to
determine the
direction of radio
waves (to the source --
a ground or airborne
radio transmitter).
In radio beacon sys-
tems one determines
with the aid of an
airborne receiver
the bearing to a
ground transmitter
(or from it) with
prior—known coordi-
nates and standard
slgnals
Distance-measuring
and difference-ranging
radio navigation
devices and systems,
in which signal delay
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Table 5.5 (cont'd)

f Physical Proper- | Substance of Considercd Physical Area of Utilization of Given
ties of Radio Preperty of Radio Waves Physical Property of
Waves Waves, or 1ts influenc
is measured durlng sig
propagation between the
point of emission und
point of reception, are
based on utilization of
the constancy of velocity
of propagation of rvadio
waves. The sought dis-—
tance is determined on the
basis of measnved delay
and the known velcocity of
radio wave propagation

i lo

propagation of radjio waves in the a
atmosphere or along the atmosphere-
earth interface differs somewhat
rom the above-specified value of
the constant, but it is extremely
close to It and is little depen-
dent on various conditions. Numer-
out measurements h ave established
that the velocity of propagation
of radio waves is equal to

299,691 km/s, and the relative in~
stability of the velocity of
propagation of radio waves is
107%-10-3,

The Doppler effect consists in

the following: the frequency of
received radio waves differs from
the frequency of emitted waves by
the quantity

The Doppler
effect is ob-
served when
there is a
relative dis-
placement of

Radio methods of meesuring
the ground speed of air-
craft are based on utiliza-
tion of the Doppler ef-
fect. They consist es-

w sentially in measuring

W
the source of Fa ={«.—3=—i-°—, Doppler frequency shift,
radio emission 0 The sought radio corr
and its recei ent of relative veloci-
: ECENET 1 here fg -- frequency of emitted ponent orr lative 9CL
radio waves, Hz: v ty of displacement of the
© B B2 A, =5 emittedjtransmitter and receiver
wavelength, m; 0 is determlned on the basis
W, —-- radial com~
of the measured Doppler
ponent of relative velocity of A
. frequency shift and the
displacement of transmitter and ’

known frequency of emitted
waves and velocity of
propagation of radio waves.

receiver, m/s; v -~ velocity of
propagation of radio waves, m/s.

During prop-
agation of radio
waves, on en-
countering
obstacles and
discontinuities,
radio waves are
reflected from
them or scat-
tered in all
directions

During propagation of radio waves,
upon encountering a target and any
other discontinuities, the radio
waves are reflected from them and
partially scattered. The degree
of reflection from target is
characterized by effective
reflecting surface. The latter
is determined by the dimensions
of the target, its shape,
material, and wavelength of the
radiation source. Fmitted sig-
nals can be reflected not only
from the targets we are secking
(afrcraft, ship, etc) but also
from wave splashes, shellbursts,
ionized regions formed following
nuclear biasts, and other
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ment),

This property of radio
waves is extensilvely
utilized in designing
radio altimeters (al-
titude measuring equip-

radio navigation

aircraft groundspeed and
drift angle measuring
equipment, radio naviga-
tion collision~-warning
devices, etc,

Radars which detect and
‘fdetermine the coordinates
of objects by 1lluminat~
ing them with high-fre-
quency electromagnetic
energy and receiving the
energy reflected from
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Table 5.5.(cont'd)

IArca of Utilization of Given

Phvsieal Proper= | Substance of Considered Physical
ties of Radfo Property of Radio Waves Physical Property of Radlo
Waves flaves, or Its Influence

these objects are based on
this property.

discontinuities. As regards the
influence of the earth, a portion
of the energy of the emission
source strikes the ground and is
reflected from it. Therefore two
waves are operating at the observa;
tion point —-- direct and reflected,
A portion of the energy is ab-
sorbed by the earth thereby.

‘The electromag- Every radiator generates around it-|This property of radio waves

netic field of
radio waves
radiated by a

self an induction field and a
radiation field.
at a close distance from the

The former exists

forms the basis of all radio
communications equipment
(both between ground

radiator,and its intensity changes stations and with aircraft).
inversely proportional to the cube |[Radio communications are

of the distance, and at a distance achieved with the aid of

of (2-3) X from the radiator for |[an electromagnetic

all practical purposes becomes radiation field (free

zero. As for the second field, field). As regards the
with increasing distance from the induction field, its in-
radiator its intensity in free fluence on radio communica-
space changes inversely propor- tions is considered when
tional to the first degree of dis- studying the influence of
tance to the radiator. various metal objects on
Such a free electromagnetic field |shaping the radiation

moves continuously away from the |pattern of an antenna sys-
- source which excited it and does |tem

not return to that source. In the
radiation zone vectors characterizd
ing the strength of the electric
and magnetic fields (E and H) are
mutually perpendicular and per-
pendicular to the direction of
propagation of electromagnetic
encerpy (to the Puynting vector)

A certain portion of the scattered |This property is utilized
(by t.c carth's surface) radia- for purposes of predicting
tion cturns to the source, where conditions of passage of
it .s e-orded by oscillograph. radio waves in given ac-
The recordings have the appearance tual atmospheric condi-
of hairations, differing in rela- [tions. This method of
tion to the nature of the radio forecasting is
reflection surface and propaga- nown under the term

tion trajectory. Backscatter tblique return probing
signals can be received from rangs (VHZ)

transmitting an-

- tenna is a
traveling wave
field. The
field phase
changes on the
path of wave
propagation,
while amplitude
changes relativwe-
ly mildly

short radio
waves, reaching
the earth's
surface after
being re-
flected from
the ionosphere,
can be scat-
tered by the
earth's sur-

face (N. I. of from several hundred to several
Kabanov ef- thousand kilometers. If the
fect) reflecting surface creatcs a mirror

reflection, there will be ne back-
scattered signal
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Table 5.5 (cont'd)

I%ysical Proper-
ties of Radio
Waves

Substance of Considercd Physical
Property of Radio Waves

ﬁArpa of Utilization
; Physical Property of Radio
Waves, or [ts Influence

An electromag-
netic field is
characterized by
the term polariza-
tion, which ex-
presses orienta-
tion of a wave's
electric field
in relation to
the plane of
propagation

In retlection ol
clectromagnetic
waves from the
ionosphere in
the high-frequen-~
cy band, in ad-
dition to change
in plane of
polarization one
observes lateral
radio wave de-~
flection
phenomena

We distinguish polarization of
the following types: _

a) normal, when vector E lies
in the plane of propagation;_

b) abnormal, when vector E
forms a certain angle with the
vertical plane of propagation
relative to the earth;

c) an elliptically polarized
field, where there is a phase
shift between the vertical and
horizontal components of electric
field strength.

The angle of polarization is close
to zero when a ground wave is
propagating above a highly-con-
ductive surface. Under all
other conditions the angle of
polarization is not equal to
zero, which in receiving electro-
magnetic energy leads to the oc-
currence of pciarization errors.
[Most frequently polarization
errors arise when, in addition to
the normally-polarized ground
[wave , waves approach the receiv-~
ing device of a vadio system
lwhich have been reflected from
the upper layers of the atmosptere,
and which contain both vertical-
1y and horizontally polarized
components. Since the param-
eters of reflecting ionized
layers of atmosphere are con-
stantly changing, polarization

of radio waves changes, and con-
sequently polarization errors
occur

As o conscquence of the fact that
the reflecting layer has a
horizontal ionization gradient
[which changes on a time axis,

the surface of the layer

becomes undulating, as it were,
As a result fluctuating in-
clinations appear at any point

in the layer, causing lateral
deflections of radio waves.
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Polarization errors cause
disruption in the opera-
tion of all types of
radio navigation equip-
ment operating in the
high-frequency and wedium-
frequency bands. 1In the
high~frequency band
errors occur around the
clock (winter and summer).
In the medium~{requency
band these errors occur
principally at night

Latcral deflections of
radio waves cause change
in the angle of inclina-
tion of the wavefront and
bearing errors in gonio-
fmetric radio navigation
systems. Root-mean-
square angles of inclina-
tion change approximately

of Given
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table 5.5 (cont'd)

Phvsical Proper-
ties of Radio
Waves

Substance of Considered Physical
Property of Radio Waves

Area of Utilization of Given
Physical Property of Radio
Waves, or Its Influence

Radio waves
can be
reflected
simultaneously
from the E,

Fi, and Fa lavers,

being reflected
once, twice or
more.
the received sig-

nal may consist of

a large number of
component waves
which interfere
with one another.
This leads to an
amplitude and
phase change in
the resultant

As a result

Any inclination of the layer can
be broken down into transverse
and longitudinal. Lateral
deflections of radio waves are
caused by transverse inclina-
tions, when the normal to the
layer diverges in a plane per-~

circle containing the direction
of propagation. Longitudinal
inclinations (the normal to the
layer diverges in the plane of
the great circle) cause changes
in the angle of inclination of
the wave front

With reflection from any layer
there occurs partial scattering
of radio waves due to local dis-
continuities. In addition, there
is observed during reflection
magne to-ionic splitting into an
ord’,.ary and an extraordinary
wave. Thus the received signal
may cc.asist of a large number of
component beams arriving by dif-
ferent paths and interfering with
one another (whereby each of the
reflected beams is usually accom—
panied by a bundle of scattered
waves)., The amplitude of the
resultant wave depends on the
phase of the component waves.

If the interacting waves reached
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pendicular to the plane of the great

inversely proportionally
to frequency. The rate

of inclination change
ranges from 0.4 to 0.5
0.5°/min. During the
hours of darkness in
summer angles of inclina-
tion increase little in
comparison with the day-
light hours, while in
winter during hours of
darkness and during
ionospheric disturbances
these angles may differ

by double or more.
Fluctuations in layer in-
clination lead to slow
changes in bearing on a
time axis with a period

of fluctuation of from

1 to 30 minutes and

more. In all cases with

a number of reflections
greater than one, the
closer the point of
reflection to the receiver,
the greater the influence
of the reflection at this
point on lateral deflec-
tion error.

Fluctuations of bearings
in radio direction finders
are observed due to in-
terference of radio waves
(under particularly un-
favorable conditions dis-
placement of the resultant
of the radio wave bearing
may amount to *90°). Dur-
ing radio wave interference
there also occur changes in
the dimensions and form

of display of bearings on
the CRT of a two-channel
radio direction finder --
the linear bearing display
becomes elliptical and even
circular. Kadio wave
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rea of Hrilization ol Given

Physteal Proper=- Substance of Considered Paysical g
ties ol Radio Property of Radlo Waves {Physical Property of Kadlo
Waves Waves, or Its influence

field and simul-
taneously to
change in its
polarization

When a radio wave
passes a shore
line, which
scparates media
with diff.ring
conductivity

(sea and land), the
wave front at the
interface under-
goes change from
normal to in-
clined, and there
simultaneously
occurs an electro-
magnetic field
phase change

the point of reception strictly
in phase, the amplitude of the
resultant wave is maximal and is
equal to the arithmetic sum of
the amplitudes of the interacting
waves. In the general case the
amplitude of field strength in-
creases or decreases in relation
to the correlation of phases.

The passage of a radio wave from
sea to land or vice versa is ac-
companied by the presence of sur-
face irregularities (slope of
shore) and change in the electri-
cal parameters of the medium.
Both these factors influence the
function of wave attenuation, the
modulus of which characterizes

a decrease in field strength am-
plitude with distance, while the
argument determines the com-
plementary phase of a wave in
relation to the phase in free
space. During propagation of
radio waves perpendicular to the
shore line, change in the inclina-
tion of the wavefront and increase
in the complementary phase takes
place at one and the same time

in all parts of the wavefront (the
direction of the line of equal
phases remains unchanged). If the
wave intersects the shore line at
an angle, the individual portions
of the wivefront do not pass from
sea to 1imnd simultaneously, and
phase in:rease in different parts
of the wivefront also takes place
not simultaneously but as they
intersect the shore line. As a
result of this, the line of iden-
tical phases is distorted and &n
error appears in determining the
bearing to the radiation source;

of movement of the wave relative
to the shore line. As the wave
continues to advance, as the
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this error depends on the direction

interterence also has a
negative effect on radio
communications as a whole
(signal fading occurs)

This property of radio
hwaves ir-icates that if
a shore line separating
sea from land (or land
from sea) is situated in
the vicinity of gonio-
metric systems (radio
direction finders),
direction finding errors
are possible, called
errors due to coastal
effect.
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Table 5.5 (cont'd)

Thvsical Proper- Substance of Considered Physical {Area of Utilization of Given
i tirms of Radio Property of Radio Waves Physical Property of Radio
Waves Waves, Its Influeiice

requisite electric field in-
clination above the earth is
established, phase equaliza-

tion occurs in all sections of
the front, and the direction of
the line of equal phases is
gradually restored, that is, at a
certain distance from the shore
line the shore refraction error

disappears

During propagation}A skip zone 1is that part of the The presence of skip
of short radio carth's surface located between zones excrts considerable
waves there forms {the terminal point of ground influence on organization
around an operat- jwave reception and initial point |of shortwave communica-

_ ing transmitter of sky wave reception. In a tions. In order to reduce
an annular skip zone signal audibility dur- their influence, a careful
region in which ing shortwave communications frequency selection is

signals cannot be |decreases as one moves away from |made on the basis of
received, that is,}the transmitter, and at a certain Jradio predictions, as well

a skip zone distance from the transmicter as operation at higher
tne signal is lost entirely, but (possible for the given
subsequently at great distances transmitter) power

signals again begin to be received,
and strong signals., From the stand-
point of physics this phenomenon is
due to the fact that the transuit-
ter antenna which is operating

- in the high-frequency band
simultaneously radiates ground

and sky waves. High-frequency

- ground waves do not readily bend
around obstacles and are strong~

N ly absorbed, and consequently
their propagatior range is
- short,

Sky waves radiated by an antenna at
an anvle a<ay, travel’ their en-
tire poth in the atmosphere, where
those losses to which ground waves
are crhjected do not occur, In
addition, reflections from a cor-
responding ionosphere layer cause
a wave to skip. As a consequence
of all the above, their effective
range is considerably greater

than that of ground waves.

The extent of skip zones is deter-
mined by wavelength, time of day,
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Physical Proper-
ties of Radio
Waves

Substance of Considered Physical
Property of Radio Waves

Area of Utilization of Given
Physical Property of Radio
Waves, Its Influence

The relatively
small absorption
experienced by
shortwaves during
propagation con-
siderable dis-
tances enables
these radio
waves to bend
around the earth.
Under favorable
conditions there

= have been observed
instances of
multiple
propagation of
shortwaves around
the earth. This
leads to the oc-
currence of so-

- called around-
the-world radio
echo

season, and transmitter power,
The shorter the wave and the
lower the transmitter power,

the broader the sklp zone wlll
be.

During the day and in the summer,
when reflected waves return to a
rcception point located at a
shorter distance from the trans-
mitting station, the width of the
skip zone decreases.

Depending on the causes of this
phenomenon, we differentiate
close, round-the-world, and dis-
tant echo.

Close echo occurs with multiple
reflection of shortwaves from
higher lonospheric layers. ‘The
ccho signal lag time relative to
the main signal amounts to 0,2~
0.3 ms. Distant echo is a con-
sequence of repeat signal recep-
tion from a beam propagated to
the far upper layers of the
ionosphere and back-reflected
from electron discontinuities,
Round-the-world echo occurs in
those cases when radio waves
multiply circle the earth's sur-
face. Direct and reverse round-
the-world echoes are dis-
tinguished. A direct round-the~-
world echo is a signal which
reaches the reception point after
circling the earth in a direct
direction (lag of 0.13 s). With
reverse round-the-world echo,
arriving at the reception poiut
in addition to the direct wave
4 A wave radiated by the an-
tenna in the reverse direction
and propagating on a longer path
(every thousand kilometers of
difference in distance results
in a lag of 0.003 s).
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The echo phenomenon
exerts considerable in-
fluence on stability

of radio communications.
In telegraph communica-
tions round-the-world
echo causes spurious
transmissions, and in
telephone communications
round-the-world echo 1s
perceived as a per-
sistent reverberation

or as an acoustic echo.
Facsimile transmissions
are also disrupted by
echo, Tk: following are
employed ¢ combat

this phenomeuon: frequen-
cy selection (frequen-—
cies which, propagating
on a longer path, either
experience substantial
absorption or are not
reflected at all from the
ionosphere), and utiliza-
tion of transmitting and
receiving antennas which
are highly directional
in the vertical plane
and with a radiation
pattern concentrated
close to the ground

(O
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Chapter 6. INFLUENCE OF CLIMATIC CONDITIONS ON EFFICIEN-
CY OF COMMUNICATIONS AND RADIO-RADAR SUPPORT
SERVICE EQUIPMENT

6.1. Influence of Climatic Conditions on Operational Reliability of Radio
Equipment During Flight o B e

Radio equipment carried on board aircraft in flight is subjected to special
climatic conditions. They are characterized chiefly by reduced atmospheric
pressure, reduced temperature, and change in humidity, in relation to altitude.

P mm Hg

tc
+60

\\ N ‘ P . 'Lég‘

\

NS \ Umoz

N . ‘— - : =
L & iy &

es -
22 o

3 5 9 2 # 6 2

P
A

GIEEERERR
%
/

Figure 6.1. Relatiouship Betw-en Pressure, Temperature and Flight Altitude

We know that with an inc ease in altitude ailr density and corresponding pres-
sure as well as temperati-e gradually decrease. Figure 6.1 contains curves
indicating change in pressure and temperature (tmins tmaxs tcp) in relation to
altitude.

The heat capacity of air decreases with a decrease in atmospheric pressure,
as a result of which radio equipment can overheat and experience failure.

In order to prevent equipment overheating during high-altitude flight,
measures are taken to cool equipment (exterior surfaces are painted black,
cooling surface is iicreased by ribbing, and 2 special ventilation system is
employed). In many cases radio transmitter power is reduced, which reduces
heating of the transmitter and its power supply.
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Figure 6.2, Relationship Between Breakdown Voltage and Flight Altitude
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1. Relative breakdown voltagé of air as a percentage in comparison
with breakdown voltage at sea level

At high altitudes (above 5-6 km) the electric strength cf all alr gaps in
equipment decreases as a result of reduced atmospheric pressure and elevated
ionization, and glow discharges occur arcund conductors whicl:i are under high
voltage., ‘This leads either to electrical breakdown or to a sharp change In
equipment operating conditions., A decrease in air density exerts consider-
able influence on the electrical propercies of air capacitors, relays of
various types, and a number of other radio components, since their breakdown
voltage is reduced. At an altitude of 10 km the breakdown voltage of alr
drops by approximately 55% in comparison with the breakdown voltage at sea
level, and at an altitude of 18 km ~~ by approximately 807% (Figure 6.2). Con-

sequently radio equipment operating conditions as a whole become worse with
altitude.

The breakdown voltage of each gas gap in radio equipment is a function of the
product of gas pressure (air) p times the distance between electrodes d
(Paschen's rule), that is, V,,=f(pd). Figure 6.3 shows the relationship be-
tween breakdown voltage and product pd for air with brass electrodes. The
curve minlmum corresponds to the lowest voltage which can iead to breakdown of
the gns pap between cold flat clectrodes and at the game time determimes the

diatance berween olectrodes at breakdown,
_ At high altltudes the danger ol gas breakdowns (discharges) forming from the
cltlfect of redults of Tonlzatfon and a high-frequency field occurs, as a

result of the plasma state of the atmosphere, Breakdown begins with the
appearance of a corona discharge, that is, before actual surface flashover
occurs. A corona can develop at a significantly lower voltage than sparkover
voltage. Figure 6.4 shows rélationships between breakdown voltage, altitude
and gap (for £=226.8 MHz).
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- Figure 6.4. Relaticns. 'p Between Breakdown Voltage, Altitude and Gap at a
Frequency « f 226.8 MHz

Breakdown voltape also dpends on the shape of the electrodes. Figure 6.5
shows relatlonships botween breakdown voltage and gap for two electrode
shapes. [t s cvident from the curves that with roundcd electrode ends break-
down voltage is greater than with flat ends.
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Figure 6.5, Relationship Between Breakdown Voltage and Shape of Electrode
Ends (dashed curves -- rounded electrode ends; solid lines -~
flat ends)

Relative humidity also does not remain constant from altitude to altitude
and from one area to another but varies across an extremely broad range,
frequently reaching 95 and even 100% (in fog, in clouds).

Radio equipment is most strongly affected by absolute humidity, which is
characterized by quantity of water vapor per unit volume. Radio equipment is
most strongly affected by air humidity in ground-adjacent layers close to
sources of evaporat lon, where himidity rcaches 7-12 g/m3. Absolute humidity
decreases sharply with an Increase in altitude., At an altitude of 10~11 km
humidity is nepligible ~- tenths and hundredis of a gram in & cubic meter,

Above the tropopause air moisture content is so small that its effect on
radio equipment can be ignored.

Climatic conditions, which change with altiiude, exert considerable influence
on the working efficiency of equipment oper.tors as well as on the operation
of radio equipment electroacoustic terminal components (microphones, throat
microphones, headphones). At low temperatuzes and reduced air pressure there
occurs diminished acuteness of perception b’ operators' sensory organs, ef~
ficiency diminishes, attention becomes dullcd, personnel become rapidly
fatigued, and, what is most important from the standpoint of communications,
speech becomes less intelligible, and hearing becomes less acute (this is
accompanied by pain sensations in the ear), With increased altitude there
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occurs a decrease in voice intensity (volume), amounting to one db at an
altitude of 3,000 m, 2 db at 5,000 m, 6 db at 10,000 m, and 9 db at

12,000 m, These figures apply to microphone transmission. The

decrease In voice intensity is somewhat greater with a throat microphone,
particularly at altitudes above 4,000 m. Figure 6.6 contains curves showing
decrease in voice intensity at various altitudes when using a microphone
(curve 1) and a throat microphone (curve 2), A number of measures are em-
ployed to compensate for this attenuation, the most important of which is
amplitude clipping.
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Figure 6.6, Relationship Between Decrease in Voice Intensity and Altitude:
1 -- for a microphone; 2 -- for a throat microphone

The articulation percentage increases substantially as a result of employment
of amplitude clipping. The relationship between verbal articulation petcen—
tage and amount of clipping in decibels for H=0 and H=10 km is shown in
Figure 6.7. As is evident, with amplitude clipping of 30 db, articulation at
an altitude of 10 km increases from 40 to 80% (curve 1).
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Figure 6.7. Relationship Between Articulation and Magnitude of Amplitude
Clipping
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Condlticns of volee transmission worscen when wearling an oxypen mask, as a

rule worn at altitudes above 4 km, since this distorts the volce frequency

spectrum (resounding increases at low frequencies -- below 80 Hz), and

speech becomes less intelligible, muttering (articulation of syllables drops

from 86% to 50%). Speech intelligibility also worsens as a consequence of

combined oscillations observed during the interaction of low-frequency speech -
components (the sound-insulating properties of an oxygen mask decrease

sharply at low frequencies) and alrcraft noise.

| Sound prusuu}u and rate of larynx vibratlons decrease at high altltudes (by

- 2-3 db at 5 km, by 5-6 db at 10 km, by 8-9 db at 12 km). As a result there
{s a decrease in the emf developed by the throat microphone, and therefore
the percentage of modulation. In order to compensate for reduced percentage
of modulation at high altitudes, approximately 9-10 db of adjustable am-
plification is available in the submodulators of radio transmitters and the
amplifiers of intercommunication devices.

6.2, Effect of Moisture on Radio Components
Moisture contained in the atmosphere has an adverse effect on radio equipment. -
There are two principal forms of interaction between moisture and materials
employed in radio equipment: in one instance moisture is a chemically bound
component of a substance and cannot be removed without destroying it, while
in the other instance moisture is not chemically bound to a substance and
occupies free cavities in it (in capillaries and cracks) or is held on the
surface of a material and on finely-dispersed particles. Moisture leads tc
the following adverse effects:

accelerates corrosion of metals;

alters the electrical characteristics of dielectrics;

disrupts the structure of dielectrics;

alters the physical-mechanical properties of materials and their
linear dimensions;

alters the surface and volume resistance of materials.

The character and essence of these types of effects on radio components are
listed in Table 6.1.

(See following page)
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6.3. Effect of Heat and Cold on Radio Components

The effect of heat and cold is caused primarily by climatic conditions and,
in addition, by equipment operating conditions. In aircraft operation, with
periodic heating and cooling of equipment components, abrupt changes in
atmospheric pressure are also possible. The most dangerous conditions occur
when heated equipment during a rapid climb encounters atmosphere with low
pressure.

An Increase in ambient temperature causes both gradual and sudden changes in
the physical characteristics of materials, as well as acceleration of chemical
reactions in them,
A drop in ambient temperature leads to a decrease in the strength of materials,
to substantial shrinkage, brittleness and cracking of molded products and te
thickening of lubricatlng materials,
Cold periodically alternating with above-freezing temperatures is particular-
- ly harmful. With sharp temperature fluctuations moisture condenses om the
surface of equipment and on its internal parts, which is absorbed through
microcapillaries and penetrates into gaps between components. At low tempera-
tures the water filling cracks, pores and gaps freezes and, expanding approx-
imately 10% in volume, causes further enlargement of the pores, cracks and
gaps.
Heat and eold lead to the following adverse phenomena:
change in the dimensions of materials;
decreases in the strength of materials (impact and tensile strength);

deterioration of the clectrical properties of materials;

disturbance of the nominal electrical properties of materials under the
effect of thermal shock;

weakening of the solder used to join components.

The ctaracter and essence of the above-listed types of effects on radio
comporients are described in Table 6.2.

(See following page for table)
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characteristics of dielectrics,
to failure of contact connec-
tions, and in many cases to

breaking of fine wires.

We differentiate atmospheric
corrosion and corrosion in
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Atmospheric corrosion
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In turn is subdfvided Into wet,
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ment with a relative humidity

metal surface is in an environ-
close to 100%.
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which the radio equipment is

Toeated.

natural water environments,

damp, and dry.

The second

sjusuodmo) orpey uo

Cor~-

The
rosion in natural water en-

third category of atmospheric

ponents as a result of moisture
corrosion occurs without

category occurs under a layer
of electrolyte forming on com—
moisture condensation on radio

condensation on them,
equipment components.

i~

observed primar

vironments is

UOTS0110) JO 21993FH

11
= |
L © - ~
E— o | o
- 3 oo Q O
U E = L
[ TR I Wi o0
- o = oy
= Lo U o
TG YO RO
c oc o= [ I =1
o Lo o= g o 0
£ T = = U4 A
og ey u 4 E
— € g E cQ © O
= = s 0w [3)
T3 = U N =}
Q N .= 2 U o o
Q> T o
O U U= 3T YT
— O K= = I )
T 3 > o [\ -~V W -}
< —= s o >N
Ll = A P N ol ¥l 32 ]
- - 3 O o U .
c L T Doy 0\
U T U C o~ U3 g
= 9 = & - © O 0T W
2 L= L2 Y Mo —
- e R B R S B TR
8 > -0 o ® O N ©
~NE— U1 3D N 0H

‘€°9 °Iqel

107
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0



CIA-RDP82-00850R000200030006-0

2007/02/08:

APPROVED FOR RELEASE

FOR OFFICIAL USE ONLY

jo 309339
‘yorgezTaefod
jo o2ousnbes
~-uod B se 28ueyd
sTelsu 9243l

jo sTeT3ua30d
ay3 ¢ssdoueApe®
$3001d uwOTSO0IAO0D
2yl sy ‘"uols
—01100 30B3IUO0D
3o £3rTrqeqoad
2yl 1938213

2yl ‘mayl usanl
-3q sTeT3lualzod
uT 90ua13IITP
ay3 1a3e2ad

oyl °ST

jeyl ‘se1is8s
JusmaoeTdsTIp
10 TWay2 013297
ay3 ur ieyjoue
suo woij
pauotritsod

21e sTelauw ayl
12y3ael =24l
*931£102309T?
2y3 ST Wwits
aan3stow 3ay3l
21Tym ‘8poyied
se jejsw 12Yyaio
ay3 ‘opoue 3y
se saalas Teiay

paatos

L.qns oTue8ao
jpue TeisuTW
¢s3Tes

*s3juauod
~WO0Y SIaM
pue Jjuan
~dtnbs 2yl
o3jur s93B1l}
~auad ATsno
108 TA 193EA
¢ gouo1ay
-JIp =2ans
-saad ay3
3o 1309339
2yl 1spuf
*3usmdinba
2yl uTyITA
sanssaad
paonpal
8utaeaad
¢gassaidwod
pue ST002
ATptdea
jusudinba
3yl opTSs
-utr poddeal
1Ty *i93ea
2yl 3o 1'ul
eyl 1938218
{{qeispTsuod

2up ‘pawiojg mmmkmﬂ posiaumT

sa7dnod01d
Teo TWayd 0130313

uaym jusl
-dmbs 8ya 3o

aaiem JO uotlesuap

-6 ssouR3s uod 3a7doip-pInbIT

£andd0 aa9y3l)
%00T 03 @soT> £3

- TpTuny ® 3B A[°ATS
FBut£1p uodn f-ua3ut L1aienoTaaed

sur8eq SUOT3ITPUOD
o1asydsowie Ispun
UOTS0110) °SS3D
~o0ad uoTso1iod 3yl
uo 399339 9T3IITT
aaey @anjeiadwal
ite pue unwﬂﬂﬂsw

*(dn spoaads ssevoxd

uoTs01102 2Yl
¢ {T3uenbasuod ‘pue

pe3jeiaT90d® ST UOTI

-ez1aieTodap uaB4xo
¢soseaavap 19keT

uorsny3TP 2Yl) 93ILT

—o013997° JO SurxTu
oyl siv93je uoIl

_—exodeas jo ssedoid

oy3l swWTl auwes
ay3 Iy ‘uoisol

~100 SMOTS pue 2an3i
sTom jo uotjeiodesd

prdea sajowoad

pury °dn 3T spoads

803 9TTym ‘uUOIS
—01100 Jo ssaooxad
2yl smols urey
*03°

¢sTejsm pakordwa
ay3 jo sTeiauslod
1eoTWayd013123713

sossaooad paqrads
—-9p @Yyl jJO @83ea
3y ‘uoIsSo1iod
dn speeds sny3 pue

63TATIONpPUOD TEOTIZ

-o912 pue AITPIO®

s31 S9SeaiduT ‘903
~ans Teasw B uo 3utr
—wi03j WITJ 2iInjsTou

ay3 ur 3urayos
-s1p ‘1933el 3YlL

ue ur ¥OTyl LfrEn

~-o13aed ST WITJ a4l

*(s2any

-eiadmwa3l MOT I®)
AfTeoTuyitaedor
io Amwuﬂumumm

wa3 ySTy 3Ie) ATTEOT

-Joqeaed s9SB3IDUT
Sout3 uo Suppuadap
fssaWNO Tyl WITI

¢ (s3oel

~uod ATreroeds?)
sjuauoduod jusu

_drnbs 3o ser3zedoad

TeoT13097° 243
uo 3093J° 9sianpe

ue sey yYoIym ‘TEISW

ay3 uo sdofaaap
wiIj °8°EB3jIAnS ®
3fnsa1 ® sy °9013

-3jef @0eds 2yl woij

poseaTal a1 YdTyM
suotr Telaw 3yl YTt

o1asydsowle 3am 03
sar1dde saoqe ayj
*sand

.00 uoTiesuspuod A1
|-1peOa a10m Byl pue
hﬂiﬁ 9yl yiTs umEx

-qrTInbe ur saodea
y3l jo @anssaad a2yl

mmor oy ‘Kaefrrded

2yl UT SNOSTUSW

*opIXOTP AnyTns 3ur foaeoucd aya 3o inl

—~utejund aisydsowie feaind jo snipea Y3

19TTeWS 3yl eyl
@30u 03 juejaxod
~wE ST 3T CWITI
2pIX0 2yl ur seiod
ur pue sde@ ut
¢1adoad Te3law a9yl

30 soTABTTdEd0IDTW

sy3 uy @anistou O3

onp aeudde osTe uBD
a3eSuspuod TEITHIY)
bsquomaTeoxoTw TEOOT

30 uotIlde |yl YITH
pa309uuod ST pue
2314701309 T" "2 UL
pasasumy Ai(nI ST
Telsw uaym uolsox

10D DT1LT01303Td 3O

2sed [ewaou 3yj o031
IeTIWIS ST UOTSULA

-100 d1asydsowle 3JO

adk3 sT1yl ‘*SpIo®
10 s3TeS PIATOSSTIP

3o K3Tjuenb zafTBUS

® Yyirm 3oe3
—uod 3291Ip O3ur
S2WOoY IaANnjstou
uaym Sutaand

-20 UOTSO1102 (B
tojuf

PoPIATPAQNS ST 3T
*Jnjuiey 3Isow
2y3 ST UOISOox
-100 dTasydsowmly
*3usuw

-dnba jo soue
‘~aeadde TeUA]
-X3 9Yy3 yIem puB
¢SDTIJOSTSIP JO
SO T3ISTIIIORIBYD
1e°11309T3 3yl
sonpaa ¢ sjusuodwmod
23'UTWEIUOD S3ION
—poad uorsoiio)
*sa1TM

autj Jjo 98ejyeaiq
pue ‘suoT3daUu0d
30B3UO0D JO UMOP
—)eaiq Ul ‘sust
~ueydaw 3O 3FTT
3DIAI3S pUB UOTS
~foaad poseaidIP
ur ¢s@an3odnais jo
p8uails TedTueyd
—2u pasela08T

uT :possaidxe ST
s{e3sm JO UOIS
-01102 Aq pasned
o8ewep Byl

L

9

S

ki

€

(p,3u02) €9 21qB1

108
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0



CIA-RDP82-00850R000200030006-0

2007/02/08:

APPROVED FOR RELEASE

FOR OFFICIAL USE ONLY

*Telsm paiapTos
|ayl ueyl Ide3INS
1a1TRWS STTBI3
-uB3sSqns 2 SBY
(ueas paiaplos)
I9pTOs 9yl aiaym
‘uoTso110d 10E3
«100 SB Pam3TA ST
Sueas palopTos
JO UOTS0110D
*91qTs

~sod se TTe@S

Se ST Telism
apoyjeo 2yl jo
®aie ayl 3eyl
3insua 03 Y99S
pInoys sug
*Jeisw (21gqou
ssa]) opoue

3yl jo eaie ay3z

*i93em PABY UT URY3 3JOS UT ATSNoio3TA 2I0W SIPO
*(1TOS dmwep uY pue I3JBMEIS UT BIIajdeq

~10D uoajy

1e3epm

‘I=em 2yl jo
soT13aadoad

Teotsiyd
pte notiisod
—mod 8yl uo
‘eriajew Sur
-po1xod 3yl
uo spuadap
SJUSWUOITA
Luo 13jem ur

yons Auew aie a13y3l)

SUTBIUOD I193EM
‘paunsuod sT uadixo
*193em a3yl

S91BJ[NS 9INPal ydIuym BTI2IDEQq
2Y3 udym SITIJTSUSIUT UOTSOIIOY
2yl [T® TIIuUN UOISOII0D SasSNed
Ut u934X0 JO UOTIBIJUSDOUOD Y3
Aq pauTWIaILP 5T I93BM YSoI1J Wl UWOIT O UOTS0II0)

*jusudinbs 8y3 jo Surijem

3o K31otpotraad pue s2a8ap 9yl
uo pue ‘isjem 39Yyjl ul pPoUTRIUOD
swstwedio Tewiue pue jueTd 8yl uo

*IN020 UBD UOTS
—01103 A13juanbasuod

s8utr3eoo juted

pue ysIiuiea jo 3utr
-A1p @yl 10 sursaa
aenoatou-y8iy jo

ss2201d uOTIBPTIXO

3yl jo 3[nsax B se
psuTelqo SIJuUBRlSqNS
snoased jusmdinba
SPISUT 23BTNUWNIDE

03 Tejow AwHL.OE T UOTSOJ1100 \Elay] uUaym S9sealdur

mPOEv spouled

3yl jo eaae

ayl jo oriex

9yl uo spuadsp
UOTS01100

30 399339 Byl
*A3t1aetod alueyd
usaa Lem saTdnod
awog *s3onpoad
UoOTS0Ia102

jo =duanIIur B8yl
pue ‘sSuoTlTFuod
1B IUSWUOI TAUD)

Jo @3l ayjl
*3ursnop
Ad3jemeas

B SAT9091

A1TE0T
~potaad fem

JusudInbof

paeoqdiys

f uUOT3ITPPE Ul

*sjusuoduod

husudtnba u

[peasodep aae

amem syl uf

SuO0T3dauuod 30e]
-uoo> pue sjuauodwmod
Te3isl 3O UOTISO0aI10)

2381 3yl ur =28B2a0

-ur dieys B sand
D0 @19yl ‘Tenbs 3ut
loq suoTiTpuod 1aylo
TTe ‘Yo Tym 2a0qge
A3IpTUWNY ITB BAT]
~B]21 TEBOIJITID urel
-120 B S1ISTX?2 a3yl
putrid uy *(Iodea

pue ‘wayl uo asusp
—uod ued |ANIsEow
yoTym jo sousanbas
-uod ® se ‘aanjeaad
-wa3 iTE 2yl ueyl
13amoT ST sjuauodwod
Teaew jo @anjeaadwal
@yl Butuiowm °y3 ug
‘uorsox

-100 103 SUOTITPUOD
o1qeaoaey ATy3Ty
21e (STIB3I Mop)
sa8ueyo sanjeaadwsy
dieys se TTam se

*uoTso110d Telaw Jo| ‘aisydsowie ay3l ut

udwep jo eduasaxd
3yl ‘eoejans Te3om

® U0 UOTJIBUTWE]
fuod jo aoussaad syjg
*pamoTs ST ssoooad
STY3 Jdsumns ayjz uy
*1331UTM pue TTeI =Yl
Ul ITe pTUny s10ul
ut prdex aiouw sT

Te3su JO
9OBJANE =U2 U0 BILT
-013227= 0 W[TJ ¥
JO UOI2ETWIOT YI T
po3vzutod siemle

ST UYOTu~ ‘U0IS0IIOD

suoTgaa

TeoFrdoay ur A7
-ePedsa ‘a3BUMTTD
duep ® ur sind
-20 3] *Suofjldo’U
-uo0% 3IdEB3UOD

uo sessavdoad
TBOTWaYD 0130515
Jo 3Insax

9yl ST uols
—-01100 30BIUO)
“123BM

UT UOTSIawmT
3oTaq 03 309f
—-qns ST yoTym
jusudynbs jo
9TF3sTI93dBIBYD

ST sijusm

~UO1TAUR 1d1BM

Ul UO0IS0110)

* (uorsoxiod

L1p) s3usuodwod
uo UOTIBSUSPUOD
2InjsTow INoy3lTm
UoTS0110D (2
f{(uorsoizod duwep)
wayl uo uoil
—esuspuod sanisiow
30 adusnbas

-uod ® Se sijusauod
-wod> uo Sutwiog
93470130978

3o 194eT ®

19pun UOTSO1IO0D
(q f(uorsoixod
3om) 3Jusuodmod

L

9

[

ki

t

T

(P,3u02) g9 3Tqel

109

FOR OFFICIAL USE ONLY

CIA-RDP82-00850R000200030006-0

2007/02/08:

APPROVED FOR RELEASE



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

FOR OFFICIAL USE ONLY

Table 6.3 (cont'd)

a e g e

I
3 4 5 6

i

Corrosion intensifies on
components in contact with
snow. Flevated tempera-
ture of seawater promotes
an increased rate of cor:o-
sion, but at the same time
it assists the development
of protective calcium
deposits which retard the
corrosion process. Cor-
rosion becomes intensi-

_ ‘ fied under conditions of
alternating drying and
moistening of salt
crystals remaining on the
metal surface.

The rate of corrosion of
metals in the tidal zone
depends greatly on tem~
perature: in a temperate
climate the rate of cor-
rosion is twice that of

a tropical climate and
four times greater than
with complete immersion

6.5.
of Aging of Materials on Radio Components

In order to increase
the service life of
a soldered item, a
solder is selected
with a higher poten-
tial than that of
the soldered metal.
In this case soldered
metals will be sub-
jected to negligible
damage, and a
soldered seam will
be protected.

'The corrosion
resistance of
solders in a rural
area is approximate-
ly 50% greater than
in industrial areas.
One musit also bear
in mind that contact
between certain
species of tree (oak,
chestnat, etc) and
metals causes the
latter to corrode.
Some grades of ply-
wood, releasing ac-
tive substances,
also ciause corrosiion
in metals (in contact
with them)

Influence of the Biological Environment, Light, Dust, Sand and Conditions

The biological environ.en“ (primarily mildew), light, dust and sand have an

adverse effect on radio components.

Mildew leads to the most serious destructive effect during the operation of

radio equipment in a damp tropical climate.

Components break down under the

effect of an enzyme, materials corrode under the effect of various acids
(citric, carbonic or oxalic), and the surface of tramsparent materials becomes
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materials such as plastics, dyes, and fabrics.

The effect of dust 1
faces,

in dust by carbonates
Very frequently a lay

5 e

(particularly with frequent alternation

drying) in disruptive circuits.
Dust also causes diminished
Sand leads to wear on rotatin

and devices.
failure of bearings,

of the processes of

decomposition of organle

xpressed in acceleration of corrosion of metal sur-
in intensification of the process of absorption of mosture contained
» sulfates, chlorates and other readily soluble salts,
er of dust becomes a good conductor of electricity

moistening and

In many cases this causes surface flashover,
precision in the operation of testing instruments
g equipment componcents and to

Aging of materials has a substantial deleterious cof-
fect on radio equipment.

The character and essence of the effects of the above factors on radio com-
ponents are described in Table 6.4,

Table 6.4,

Effect of the Biological Environment, Light, Dust, Sand and the

Process of Aging of Materials on Radio Components

1 Types of Effects
of Biological En-
vironment, Light,

Light, Dust,

Character and Essence of Effects of B
Sand and Conditions of Aging of Materials on
Radi

o Components

iological Environment,

2

Dust, Sand and Aging
o f Materials on
Radio Components

3 Damage to Equip~
ment by Biological
Environment (Mold
and Mildew)

4 Damage to Equip-
ment Components by
Light, Dust and
Sand

5 Damage to Insula-
tion Materjals Caused
by Change in Physico-
chemical Properties
(Aging)

Effect of the bio-
Togical environment
reduces chiefly to
the formation of
“mold and mildew,
Damage caused by
mold and mildew is
of three types:
damage caused by
an enzyme, under
the effect of by-
products of the
action of mold and
mildew (various
aclids), which
coat transparent
materials (they
become opaque).
The process of
destruction of mated
rials depends on
the ambient tem~
perature and mois-
ture, sunlight, air

ALl natural fibrous
materials (textile
fabrics, cotton,
wool, flax, hemp)
are vigorously at-
tacked by mold and
mildew, It leads
to weakening, im-
paired resistance to
water penetration,
and in many cases to
fading. Synthetic
fibers lose their
resistance to the
action of mold and
mildew under the

ef fect of light and
heat, The degree
of effect of mold
and mildew on
plastics is deter-
mined by their
composition,

Mold and mildew

movement,

gradually destroy
the filler and

The effect of light
on radio components
consists chiefly in
the chemical break-
down of certain or-
ganic materials
(plastics, dyes,
fabries). The ef-~
fect of light is
proportional to

the quantity of
energy contained in
a photon (the energy
of a photon is in-
versely proportional
to wavelength), and
therefore materials
are principally af-
fected by solar
ultraviolet radia-
tion. Consequently
radiation in a dry
tropical climate
exerts the greatest

Oxygen in the air is
the principal agent
which breaks down
organic insulation
materials (it leads
to oxidation), The
reaction of oxida-
tion is accelerated
under the effect of
heat and light,
that is, is strongly
linked with change
in climatic con-
ditions (oxidation
of organic mate-~
rials is a chain
reaction, where

new centers of at-
tack are continu-
ously forming).

The following oc-
curs as a result of
oxidation: break-
down of large

effect on materials.
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1

3

4

Precipieation, ete.
Mold and mildew conjup a plastic, and

tain and hold a

large quantity of
moisture, forming
a water film on a

material, promoting

chemical decompo-

sition of the mate-

rial,

The effect of
light on materials
consists chiefly
in chemical decom-
position of cer-
tain organic ma-
terials (plastics,
dyes, fabrics).

It also affects the
rate of atmospheric

corrosion.

Dust, coming into
contact with metal
parts, accelerates
their corrosion,
intensifies ab-
sorption of mois-
ture, and in many
cases creates ad-

ditional conductiv-

ity (impairing the
insulation
properties of ma-
terials).

Sand particles
cause an abrasive
effect., Cetting
between rotating
equipment compo-
nents, sand par-
ticles accelerate
thelr wear or
cause bearings to
jam.

Aging of materials
is caused by slow
changing of their
physicochemical
properties in the
process of opera-
tion or storage

plasticizer making

this increases thein
brittleness and
hlters electrical
characteristics.
Derivatives of
liphatic dicar-
oxylic acid are the
st stable plasti-
izers. Mold and
ildew vigorously
ttack organic
fillers (cotton,
aper, rags, ete),
atural and syn-
hetic rubber (par-
icularly when
ubber is in direct
contact with water
r earth), as well
s wood (under con-
itions of dampness)
nd leather (in
tropical conditions)
Mold and mildew also
Ettack painted sur-

aces, breaking
ldown the paint
layer or causing
fading. Mold and
ildew cause
lenses to become
cloudy and lead to
spots or granular
incrustation caused
hv 1eaching and
bthe, physical and
chomical phenomena.
Mold and mildew
form on terminal
strips, tube
rcceptacles, switch
panels and wire in-
sulation.
Particularly dan-
gerous are loca-
tions in circuitry
kshich create favor-

able conditions for
112

The following take
place under theeffect
of solar light: par-
tial chemical break-
down of polymers,
breakdown of thermo-
setting plastics,
rapid aging of nitro-
cellulose plastics,
formation of a crust
on the surface of
rubber and its sub-
sequent cracking,
breakdown of natural
and nitrile rubber,
change in the sur-
face layers of wood,
fading and chalking
of painted surfaces.
The effect of dust on
metal components
reduces to accelera-
tion of the corrosion
process. It can also
cause equipment to
malfunction; carbol

salts contained in

absorb moisture from
the ambient air and
therefore promote
development of the

layer of dust can be-
come a conductor of
electric current alrng
stray paths and lead

Damp dust catastroph-
ically decreases the

tion. The dielectric
constant of dust is
greater than that of
air, in connection
with which the capaci
ty of an air-gap
capacitor increases,
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various dust varieties

materials,
deterioration of
the insulation
properties of a
material,
development of
additional in-
ternal bonds in
molecules, which
lead to change in
the structure of
substances (rigid-
ity and brittle-
ness develop).
Surface erosion
occurs in mate-
rials of low
molecular weight
(in cellulose,
for example).

One result of the
aging of insulat-
ing materials 1s
saponification of
esters, evapora-
tion of plasti-

sulfate, chlorate, adjcizer, transi-
other readily-soluble]tion of a sub-

stance from an
amorphous to a
crystalline state,
and release of
chlorine (the
above applies to

corrosion process. Alplastics, poly-

styrene, and
olyvinyl chloride).
Rubber in a
stressed state

to suriace flashoversjrapidly loses its

elasticity under
the effect of

registance of insula-fhigh temperature

and compression
(rapidly ages).
Aging intensi-
fies during
protracted effect
of solar radiation
and variable
humidity in

Jo



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

e e

Table 6.4.(cont'd)

FOR OFFICIAL USE ONLY

3

[‘ ‘.1

q

p)

establishment of ter
mite colonies
(creating short-cir-
cuit paths). Ter-
mites strongly af-
fect the preserva-
tion of wood com-
ponents.,

All other living or-
ganisms encountered
in various physical
and physical-geo~
graphic conditions
have a harmful ef-
fect

and the resonant
frequency of the
circuit simul-
taneously drops.
An-increase in the
conductivity of a
dust layer su.nt-
ing a circuit
lowers its Q.
Particles of sand
getting between
rotating equipment
parts accelerate
their wear. Sand
causes bearings to
stick and destroys
the lubricating .
capability of oils
and substances of
all types (so-
called abrasive ef
fect develops in
all these cases)

polyamide resuns,
in plastics with
volatile sub-
stances, in var-
nish and paint
films, and in poly-
ethylene films.
Aging under the
effect of climatic
factors is less
marked in in-
organic materials
employed in radio
components than in
organic. Apglng of
a number of matoe-
rials (in the
styroflex film of
polydichlorstyrene)
is greatly depen—
dent on the ef-
fect of an electri-
cal field on them.
With pulse and
variable voltage,
the effect of tem-—

perature on aging

6.6.

diminishes.
crease in dielectric

In ceramic materials aging

losses, a decrease

of insulation and electrical strength.
porcelain, steatite, radioporcelain and other such mate-
rials, under the effect of high~frequency electric current,
takes place as a consequence of ion bombardment in the

gas pores of the ceramle body.
rials, and they easily break down,

of a material
leads to an in-
in the resistance
Aging of ultra-

This weakens thase mate-~
Considerable aging Ls

observed in Ti0, cermet dielectric and in ferroelectric

ceramic materiajs

Radar Support Services Equipment

Effect of Mechanical Loads on Operation of Communications and Radio-

Impacts and vibrations are the principal mechanical loads. Thesc loads are
caused by wind gusts, aerodynamic effects, the force of gravity during

braking,

displacement of mechanical components during transport, etc.

Con-

sequences of impact include damped oscillations and large acceleratioms,
which are transferred to system components.
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Vibrations can occur both during movement of communications and RTO equipment
on the ground and in the process of tramsport by aircraft. Vibrations partiec-
ularly affect radio tubes. They are caused by periodic oscillations of aero-
dynamic origin, by the forces of inertia occurring as a consequence uf static
and dynamic unbalance of rotating masses in engines, by the impact forces of
exhaust streams and ignition blast waves., The frequency of aircraft vibra-
tions affecting radio equipment ranges from 5 to 450 Hz, with an amplitude
ranging from 0.005 mm (at high frequencies) to 0.250 mm (at low frequencies).
Radio tubes are most seriously affected by vibrations with a frequency of
12-25 Hz, which frequently result in electrode failure.

Shocks and vibrations also lead to loosening of screw and bolt-sucured parts,
chassis wire breakage (especially at bends and soldered connections), weaken-
ing of metal connections (welded, riveted, bolted), circuitry deformation,
capacitor and resistor lead separation, and misadjustments.

Mechanical effects are generally estimated on the basis of magnitude of ac-
celeration and are measured in units of acceleration of gravity.

Impact accelerations can be calculated with the following formula:

2

v
€= 779815, Gl
- where g -- acceleration in relative units (in relation to acceleration of
gravitational force); v —— instantaneous velocity at the moment of impact,

cm/s; Sy -~ displacement at impact or total quantity of elastic and residual
deformations of impacting objects, cm.

Acceleration during vibrations (in relative units) is determined with the fcl-

lowing formula: 4x2PS,

£="g810 *
where f -- frequency of oscillations, Hz; Sp —- amplitude of displacements,
mm.,

The most dangerous vibration frequency ranges under terrestrial conditions are
15-150 Hz and 175-500 Hz. Resonance in the structures proper occurs in the
first interval, and in the second -- resonance in vacuum tubes,

We should note that in many cases clumsy actions or carelessness on the part
of handling personnel le-d to damage of a mechanical nature (for example,
excessive force in operat‘ng controls and performing tuning and adjustment
operations, incorrect handling by equipment operators, careless and negligent
handling of units, tube: and other components during preventive maintenance).
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Part I1I. FUNDAMENTALS OF SERVICING AND MAINTENANCE OF AIR TRAFFIC
CONTROL COMMUNICATIONS AND RADIO-RADAR SUPPOKT
SERVLCES EQUIPMENT

Chapter 7. PRINCIPLES OF SERVICING AND MAINTENANCE OF
COMMUNTCATTONS AND RADIO-RADAR SUPPORT
SERVICES EQUIPMENT

7.1. Substance and Content of Servicing and Maintenance of Communications
and Radio-Radar Support Services Equipment

Servicing and maintenance of communications and radio-radar support services
equipment is defined as an aggregate of organizational and technical measures
performed by personnel for the purpose of:

ensuring that equipment is in operational readiness at all times;

maintaining eqnipment parameters within the limits of specified
tolerances;

preventing equipment mal functions and failures during operation and
storage;

extending operating time between maintenance and service life,

The main feature of servicing and maintenance of communications and radio-
radar support services equipment in aviation is the requirement that it pos-—
sess a high degree of reliability with operations under the most diversified
conditions. This is due in the first place to the fact that aircraft are
based in the most diversified gecgraphic zomes; second, reliable operation of
communications and RTO equipment determines not only successful performance
of assigned missions but also air safety, particularly aircraft landing
operations in IFR conditionms.

Following are the principal tasks of techniéal servicing and maintenaunce:
prompt and high-quality readying of communications and RTO equipment
for operation, equipment operation and training of personnel for independent

servicing and operation of this equipment;

maintenance of communications and RTO equipment in an operable state
and in continuous operational readiness;
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continuous improvement in technical servicing and maintenance methods,
with the objective of ensuring a high degree of operational reliability of
communications and RTO equipment;

performance of prompt and high-quality repair of communications and
RTO equipment, for the purpose of restoring equipment to operation and extend-
ing equipment service 1ife;

prompt and complete logistical support of technical servicing and main-
tenance of communications and RTO equipment.

in conformity with the above—listed tasks, technical servicing and main-
tenance include the following: readying of communications and RTO equipment
for operation, repair and storage, measures to ensure operational reliability
of equipment and monitoring of the state of equipment, planning, record keep-
ing and logistical support of technical servicing and maintemance, as well as
warranty claims activities.

Scheduled preventive maintenance operations performed on communications and
RTO equipment comprise the basis of technical servicing and maintenance
(Table 7.1). :

Table 7.1. Substance and Content of Servicing Operations (a Variant)

Servicing Procedures 1 (R-1) (First Column)

Performed on equipment operating continuously or with brief interruptions of
more than 24 hours, as a rule without taking the equipment off line, as well
as on equipment with operation interruptions of not less than 3 days, prior to
startup (following interruption).

R-1 procedures are as follows:

determination that communications and RTO equipment is in good operat-
ing order and operating efficiently under the specified conditions;

ensuring that operating conditions are in conformity with specifications;
locating and correcting malfunctions which can cause equipment failure.
R-1 specifies performanc of the following operations on communicatiéns and
RTO equipment:
external inspection;

cleaning equipment without opening up;

checking for proper grounding, solid connection of connector plugs
and sockets;

check operating efficiency of equipment according to operating specifi-
cations with built-in test instruments;
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check proper operating condition and efficiency of service communica-
tions, remote control and signaling links and lines; -

correction of detected malfunctions and deficiencies;

check for presence and proper operating condition of fire~extinguish-
ing and safety equipment;

tidy up work stations and equipment rooms.

Servicing Procedures 2 (R-2) (Second Column)

Performed on equipment operating continuously or with brief interruptions of

more than seven days, as well as on equipment with operation interruption

with more than threc days. At continuously-operating facilities equipment may

be taken off line for the period of performance of maintenance procedures, as -
a rule with mandatory substitution of back-up equipment,

Following are the tasks of R-2:

determination of proper operating conditions and preparedness of com-
munications and RTO equipment to operate under all conditions;

detection and correction of malfunctionms.

R-2 specifies performance of the following procedures on communications and
RTO equipment:

R-1 procedures;

inspection and, if needed, cleaning of contacts and lubrication of
rotating parts, without opening up equipment;

check proper operating condition and efficienry of gasoline heaters;
inspect body of vehicle containing station (equipment room);

inspect antennas and transmission lines; check operating efficiency of
equipment in all operating modes with built—-in test instruments.

(] Servicing Procedures 3 (R=3) (Third Column)

Performed on all unit (subunit) communications and RTO equipment in operation,

as a rule during equipment servicing days (vehicle servicing days). Following
arc the tasks of R-3:

thorough inspection and cleaning of equipment, contacts, switches, con-
nectors, component units, etc;

check the operating efficiency of all component items and perform
tuning and adjustment procedures.
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R=13 speclltes perlformance of the lollowlng procedures on communlcations and
RTO equipment:

performance of R-2 procedures;
detailed inspection and cleaning of the entire unit;

check the operating efficiency of all component items with built-
in test instruments, and perform necessary tuning and adjustment procedures;

check for presence and proper operating condition of auxiliary equip-
ment;

add missing items to set of spare parts, tools and accessories;

11l In servicing documents.
The R-3 schedule includes the following:

organizational measures (inmstruction of persons performing R-3, filling
ont requisition forms for materials and test equipment, distribution of job
assignments, ete);

time for work to begin and total time to perform R-3;

procedure of verification: of results and quality of performed procedures.

Servicing Procedures 4 (R-4) (Fourth Column)

- Performed only on certaln communications and RTO equipment operated at
permanent communications facilities, when a more detailed inspection is
required during the peried between R-5 inspections.

Following are the tasks of R-4:

instrument testing of certain parameters;

check the condition of component units, adjustment and control com-
ponents;

check switching c1ccuits,

R-4 specifies performance of the following procedures on communications and
RTO equipment:

performance of R-3 procedures;

testing and, when necessary, replacement of vacuum tubes, equipment
components and missing items in the set of spare parts, tools and accessories;

measurement of individual parameters and adjustment to standard.
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Servicling Procedures 5 (R=5) (Fifth Column)

Performed on all unit (subunit) communications and RT0 equipment in operation,
and coincides in time with changing equipment over to winter (summer) opera-
tions. 5
Following are the tasks of R-5:

instrument check on individual parameters;

preparation of communications and RTO equipment for operation in summer
(winter) conditions.

R-5 specifies performance of the following procedures on communications an’
RTO equipment:

performance of R-3 (R-4) procedures;

testing and, when necessary, replacement of vacuum tubes, other equip-
- ment components, and items in the set of gpare parts, tools and accessories;

measurcment of individual parameters and their adjustment to standard;
replacement of lubricants;
servicing of fire extinguishers;

repair and add necessary equipment to places where communications and
RTO equipment is stored and serviced.

The R-5 servicing and maintenance schedule includes the following:

date, time of initiation and completion of servicing and maintenance
procedures in the subunits;

supervision and monitoring procedures;
procedure for obtaining\;pecialists from other units when needed;
list and sequence of maintenance'proéedures;

- date and procedure of performing operational flight test,

Servicing Procedures 6 (R-6) (Sixth Column)

Performed on all communications and RTO equipment in the unit, according to
the plan and schedule approved by the senior officer. As a rule R-6 is com-
bined with performance of regular R-5.
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Following are the tasks of R-6:

instrument testing 6f principal parameters and their adjustment to
requisite standards;

..determination of the technical state of communications and RTO equip-
ment

determination of the procedure of subsequent utilization of equipment
and facilities.

R-6 specifies performance of the following procedures on communications and
RT() equipment:

performance of R-5 procedures;
measurement of principal parameters and their adjustment to standards;

inspection and addition of missing items to set of spare parts, tools
and accessories;

inspection of equipment inspection and maintenance sheet and log.

A high degree of efficiency of technical servicing and maintenance is achieved
by:

prompt and high-quality preparation of documents on planning servicing
procedures and communicating them to executing personnel;

assignment of specific tasks to subunits and individuals on prepara-
tion for and performance of servicing procedures; .

firm knowledge by personnel of the volume and methods of performing
servicing operations and performance of these procedures in strict conformity
with the requirements stated in servicing and maintenance documents;

~ comprehensive and thorough analysis of the causes of failure of communica-
tions and RTO equipment and taking prompt measures to prevent them;

continuous supervision and regular monitoring by officlals of prepara-
tions for, quality of pzrformance and results of servicing and maintenance
procedures; ’

summing up results of performance of servicing operations, thorough
analysis of the actions of personnel, synthesis and dissemination of advanced
methods of organization and performance of technical servicing and maintenance
of communications and RTO equipment.

Servicing and maintenance of communications and RTO equipment are performed
{n conformlty with a scheduled preventive maintenance system and the calendar
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principle. An approximate classifica

tion of these procedures (conditionally

divided Into six maintenance inspection sequences) and their substance are

described in Table 7.1.

In aviation particular attention is focused on servicing and maintenance of

communications and RTO equipment in d

irect flight operations support services,

whicn Includes three stages: preliminary preparation, preflight preparation,

and postflight preparation. The subs
servicing and maintenance of communic
ries of preparation are described in

Table 7.2, Substance and Content of

Maintenance of Communicat

(Columns 1 & 2)

tance and an approximate description of
ations and RTO equipment with these catego-
Table 7.2.

Flight Operations Support Servicing and
ions and RTO Equipment (a Variant)

Preliminary Preparation

Preparation Elements

Character of Servicing and Maintenance

Preliminary preparation is the prin-
cipal type of preparation of person-
nel and equipment for flight opera-
tions support and is performed on

the eve of a day (night) of flight
operations. If flight operations are
postponed by more than 72 hours,
preliminary preparation o personnel
and communications equipment shall be
repeated.

Preliminary preparation includes the
following: flight operations support
decision and assignment of tasks to
individuals; assignment of equipment
and designation of duty shifts for
flight operations support; instruct-
ing of personnel designated for
flight operations support; prelimina-
ry servicing of equipmerit designated
for flight operations support; veri-
fication of readiness of persomnel
and equipment for flight operations
support

Preliminary servicing and maintenance

is performed: in the scope of R-1 on all
equipment, without exception, designated
for flight operations support; in the
scope of R-2 with equipment operation
interruptions of more than 72 hours {(on
equipment permanently deployed at an
airfield, on main and backup equipment
deployed only for the duration of flight
operations support activities). In ad-
dition to R-1 (R-2), the following are
performed: tuning and adjustment of
equipment to the desired specifications
and operating modes; an accuracy check
on the operation of equipment directly
involved in aircraft landing operations
(position of the localizer and glideslope
zones of instrument landing system radio
beacons, final approach path and glide~
path alignments on preclsion approach
radars, tunad frequency of outer and
middle markers, etec); verification of
proper working order of remote control
equipment, automatic systems for switch-
ing over to back-up equipment, operation
of lighting equipment; fueling and
lubrication of power generator equip-
ment; verification of the operating
state and efficlency of self-contained
power supply equipment, as well as tlme
of changeover of equlpment powerlng from
external sources to self-contained; in-
spection of emergency set of spare parts,
tools and accessories.
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Table 7.2 (cont'd)
(Columns 3 & 4)

Preflight

Preparation

Preparation Elements

Character of Servicing and Maintenance

Preflight preparation of duty shift
personnel, communications and RTO
equipment for flight operations is
performed immediately prior to flight
activities. The final stage of these

The following is checkeéd in preflight
servicing of equipment: overall state

of equipment (verticality of installation
and reliability of securement of antenna~
mast equipment, secure hookup of an-

preparations is preflight in-air testqtemna transmission lines, power cables,

ing of communications and RTv equip-

ment, performed before the day's
flight operations begin by the crew
of a weather reconnaissance aircraft.
With two-shift flight operations a
second in-air testing 1s performed
only if there is a change in the land

and equipment grounding); correctness and
accuracy of equipment tuning in conformity
with specified data and operating condi-
tions (with built-in test instruments);
proper operating condition of built-in

Jmonitoring systems, speed and reliability

of changeover to backup sets of equipment,

ing approach course or underlying sur{Proper operating condition of portable

face in the zone of operation of the
landing approach radio beacons or if
there hawe been complaints from air-
crews.,

Preflight preparations include the
following: preflight briefing of duty
shift personnel; preflight servicing
of communications and RTO equipment;
comprehensive verification of the
readiness of personnel and cquipment
for flight operations support activi-

equipment and objective monitoring
devices (tape recorders, photographic,
cinematographic and other recording
equipment); good working order of control
and signaling communication lines and
1inks; fueling and lubrication of self-
contained sources of electric power,
speed and reliability of their remote
and on-site startup, as well as change-
over of power supply from external

to self-contained sources; complete

ties; preflight in-air testing of com{emergency set of spare parts, tools and

munications and RTO equipment

(Columns 5 & 6)

accessories on hand. Finally a thorough
check is made on readiness of personnel
and equipment for flight operations sup-
port activities.

Postflight Preparation

Preparation Elements

HCharacter of Servicing and Maintenance

Postflight preparation is the final
stage in flight operations support
activities and is perfoined at the
end of each day (night) o. flight
operations or following a duty shift.
Postflight preparation includes the
following: sequential servicing and
maintenance of communications and RIO
equipment; preliminary critique of
flight operations support activities.

The prellminary critique includes the
following: analysis of errors com-
mitted by duty shift personnel, as

Postflight servicing of equipment includes
the following: inspection of equipment;
correction of malfunctions discovered
during flight operations and postflight
inspection; fueling and lubrication of
self-contained electric power generat-
ing equipment; performance of record
|keeping tasks; cleaning equipment and
tidying up work stations
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Table 7.2 (Columns 5 & 6) (cont'd)

Postfiight Preparation
Preparation Elements Character of Servicing and Maintenance

well as evaluation of the correctness
of their actions in a complex situa-
tion; analysis of deficiencies in

the performance of flight operations
support equipment; communication to
personnel of critical comments by the
flight operations officer, as well as
an overall evaluation of flight opera-
tions support activities with communi-
cations and RTO equipment; evaluation
of the performance of the duty shift
personnel of each facility

Each unit holds equipment and vehicle servicing days in order to assure proper
maintenance of communications and RTO equipment and vehicles, as well as to
upgrade work stations, vehicle parking and equipment storage facilities. As a
rule the following principal tasks are performed on such days:

R-3 servicing of communications and RTO equipment;

servicing and maintenance of communications and RTO equipment vehicles;

upgrading of work stations, equipment shelters and storage sites, as
well as access roads to these sites;

holding of demonstration classes for working on personnel practical
- skills in servicing and maintenance of equipment.

The following are prepared for each such work day: a schedule for preparing
for and conducting servicing and maintenance of communications and RTO equip-

ment, as well as scheduled assignments for facility crews.

The schedule of pfepara;ion for and conduct of servicing and maintenance of
communications and RTO equipment specifies:

date and time of activities to be performed;
activities to be performed;

subunits assigned performance of a given task;
executing personnel;

persons responsible for performance of work;

record of performance.
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The facility crew scheduled assignment specifies:
content of task;
responsible individual (rank, last name, initials);
time of task performance; ‘
record of performance.
Performance results are critiqued at the end of a maintenance work day.

7.2. Servicing of Communications and Radio-Radar Support Services Equipment
During Flight Operations

Following are the principal servicing operations on communications and RTO
equipment during performance of flight operations support activities: opera-
tional switching of equipment from ome mode to another, equiprment monitoring
and adjustment, maintaining parameters in conformity with specified standards,
as well as procedures in special cases.

Operational switchings are actions by personnel performed on communications
and RTO equipment for the purpose of:

tuning equipment from one frequency to another and from one type of
operation to another;

wwitching From one channel to another, from principal to backup equip-
ment 3

switching of power supplies, storage batteries, antennas, transmission
lines, communication links and lines, keying and control lines.

Operational switchings are performed by facility duty personnel on the in-
structions of or with the permission of persons in charge of duty shifts,
and are recorded in equipment logs.

When performing operational switchings, duty shift personnel must rigorously
observe safety rules and regulation=.

Equipment monitoring and adjustment should be performed in strict conformity
with operation and servi ing instructions. During operation of communications
and RTO cquipment, facili'y duty personnel shall monitor equipment operation
by monitoring instruments (displays), shall compare instrument readings with
operating conditions tabie data, and shall monitor the temperature to which
cquipment and generators become heated.

. Ventilation shall be increased when equipment is heating substantially; if
1 necessary they shall switch over to backup equipment with the permission of
the persons in charge of duty shifts.

In addition to monitoring operations, principal equipment parameters shall
be periodically measured -— frequency and percentage of modulation, as well
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as phasing and synchronization (wherever specified by operation procedures).

Fquipment shall be adjusted when needed, on the basis of test measurcments
(on cach occaslon adjusted to the nominal conditions specifled {n tables of
operation Instructions).

Parameters are kept In conformity with apecified standards by means of regular
comparison ol the readlngs of test (nsatruments with the (fgures contalned In
operating condition tables. When nominal values are reached, tuning controls
are locked. - It is expedient to record in tuning tables the position of tuniug
controls for nominal conditions at a given, frequency and for a given type of
operatioﬁ.

The following procedures are followed in emergency situations, when communica-
tions and RTO equipment failure or breakdown occurs:

LT backup equipment 1s available, it is switched on immediately;

when possible, the malfunction causing the failure (breakdown) shall
be corrected immediately;

reliable temporary connections and bypass circuits shall be employed
(subsequently they should be taken off as soon as possible);

a self-contained power source is employed in case of power failure of
the main power source;

available spare tubes, fuses and other consumable materials and tools
are utilized for the purpose of correcting malfunctions as quickly as possible.

7.3. Putting Communications and Radio-Radar Support Services Equipment Into
Operation

Measures pertaining to putting communications and RTO equipment into eperation
include the following:

receiving equipment, training and permitting personnel to operate
it;

neloet fog and equipplng positions for deployment of equipment, con-
ceat tug and camonl Taging cqud pment §

checking operational status of equipment under ground and in-air con-~
ditions.

- The substance of the above-enumerated measures is described in Table 7.3,
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Table 7.3. Procedure of Putting Communications and RTO Equipment into Operation

(A Variant)

EG%municgtions and
RTO tquipfgent
Receiving Measures

1

Procedure of Authoriz-
ing Personnel to Oper-—
ate Communications and
RTO Equipment

2

Measures Taken For
Purposes of Selectio
and Equipment of
Sites for Communica-
tions and RTO Equip-
ment 3

Measures for Deploy-
n |ment and Checking of
State of Equipment

4

The following
procedures are
performed when
receiving equip-
ment: inspection
to ensurc equip-
ment 1s complete;
measurement of
all parameters
with performance
of inspection R-6;
determination of
technical state
of equipment.
Received equip-
ment is assigned
to subunits, and
within subunits —
to designated
responsible
personnel.
Equipment as-
signment is
recorded in a
special log (com-
munications and
RTO equipment
assignment log).

Personnel are permitted
to .operate equipment
unsupervised when they
have successfully
passed a test: on
knowledge of the oper-
ating principle and
design of the equip~
ment; on rules of
operation and safety
measures; on design
and utilization of
test equipment; on
performance character-
istics, rules and
procedures of record
keeping and opera-
tional documentation.
Personnel shall be
tested once each year,
as well as persons
returning to work fol-
lowing a period off.
As a rule a qualifica-
tions commission is
designated to deter-
mine the proficiency
qualifications of com=-
munications and RTO
specialists,

The following are co
sidered in site sele
tion: requirements ©

ndDeployment of commu-
cqnications and RTO
n jequipment includes

sites and terrain sec-|performance of the

ified in technical de-

scriptions, operatin
instructions and
other special docu-
ments; equipment con
cealment and camou-
flage capabilities;
availability of ac-
cess routes and wate
supply; conditions o
billeting and feedin
personnel; possibili
ty of hooking into

following: laying
glout site for deploy=-
ing equipment and
antenna systems;

- ldeployment of equip-
ment and equipment
component units;
assembly, rigging,
ralsing and align-

f jment of masts and

g |antenna systems;
-llaying out and con-
necting antenna

r

external power soures;]transmission lines,

allowable screening
angle and terrain
slope, as well as
nearby sources of
radio interference.
Engineer equipping o
positions includes:
site preparation
(clearing, leveling

monitoring instru-
ments, power
lines, communica-
tions and control
lines.

f [orientation of an-
Jtenna systems is
performed: VHF and
UHF radio direc-

and soil packing); conjtion finders, sur-

struction of embank-
ments, foundations,
access roads and foo

covered trenches, dugouts aud slit trenches for personnel; dig-

paths; construction
of equipment shelter

ging of water-drainage ditches, trenches, foundation trenches,
wells and water-collecting systems; construction of fuel and

lubricant storage facilities, fire extinguishing equipment loca-tion radars -- by
tions, equipment radioactive decontamination areas; site en-

closure and designation of assigned zomes.

veillance and air
traffic control
t4radars -- by magnetic
meridian; HF radio

s {direction finders,
close-range naviga-
tion equipment,
guidance and detec~

true meridian;
localizer and glide-

precision approach

slope radio beacon

radars, as well as marker beacons and nondirectional beacons --
relatlve to the runway centerline (directions of landing appro '

126

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

ach).

[}



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

FOR OFFICIAL USE ONLY

Table 7.3 (cont'd)
i1z 135 T 4

Ground check of communications and RTO equipment includes: ready-
;ing of equipment for switching on power; switching on power, ad-
ijuating and tuning equipment; check on operable condition of
iequipment in all modes and all service operations; measurement
of principal equipment technical parameters; preparation of
htuning tables and operational mode tables.

'A report is prepared based on results of the ground check, con-
'taining the following information: type of equipment, manufac-
‘turer's numbers and year of manufacture; conformity between ac-
.tual equipment deployment and approved layout; list of check
‘procedures performed; principal equipment parameters, discovered
‘'defects and malfunctions revealed in the check process.

‘A record of parameter measurements, unit (stage) operating con-
'dition tables and equipment tuning tables are attached to the
report,

- 7.4, Methods of Trouble-Shooting Communications and Radio-Radar Support Services
Equipment

Following are the principal methods of locating malfunctions in communications
and RTO equipment:

1. External inspection method. It includes:
sequential inspection of wiring, cable, components and mechanisms;

inspection by hand probe for heating of electric motors, transformers,
reduction gearing, tubes and other components;

inspect by ear the operation of equipment and automatic control devices,
- listen for sparking in high-frequency connectors and antenna transmission line
systems.

2, The isolation method consists in isolating the believed malfunction-
ing circuits, units or stages from the operating circuitry during the inspection.
This method is employed in combination with the other methods described below.

3. The substitution method consists in replacing suspected malfunction-
ing units, assemblies, and cable connections with corresponding items known to
he good.

4. The measurement method calls for checking resistances, insulation,
electrical circuits, operating voltages of tubes, relays and other components,
input and output voltages of separate units, voltaze waveforms and amplitudes
in circuits, frequencies of radiated and receives oscillations, transmitter out-
put power, consumed current and tube integrity. In evaluating measurement
results one employs voltage and resistance cards, oscilloscope patterns and
operating condition tables contained in equipment operation and maintenance
manuals, as well as operating condition tables prepared when putting equipment
into operation. 127

FOR OFFICIAL USE ONLY

AT e

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

FOR OFFICIAL USE ONLY

5. The simulation method consists in substituting for a suspected
unit or stage a special device which produces voltages corresponding to those
which should be applied by the replaced unit or stage. Standard signal
generators, signal genmerators, meter and centimeter band generators, as well
as range calibrators and other signal devices are employed :n locating mal-
functions by the simulation method.

6. The typical matfunction method consists In analyzlng the state of
communications and RTO equipment in the process of operationm, and then utiliz-
ing data on typical malfunctions for a given piece of equipment; at the same
time experience is accumulated in repairing the least reliable equipment units,
assemblies and parts.

Trouble-shooting is performed in the following sequence:

one determines the malfunctioning unit;

one checks Tuses;

one checks supply voltages;

one checks tubes and semiconductor devices;

one checks circuits and contacts for proper operation;

one checks operating conditions of tubes and semiconductor devices;

one performs an external inspection and checks the values of
resistors, capacitors and other parts.

In the process of correcting malfunctions it is prohibited to make any
changes in the unit which depart from equipment circuits and specifications.
They can be performed only in conformity with factory bulletins or servicing
information data. The general sequence of performing operations to correct
malfunctions is as follows:

aecure aceess to the malfunctioning unit (asscemly or part);

protect adjacent units (narts, assemblies) from possible damage during
correction of malfunctions; .

clean and inspect the surface of the malfunctioning umit (assembly or
part);

perform the required procedures to correct malfunctions;

check the quality of repairs performed and, where necessary, perform
electrical test measurements;

remove protective devices and tools from equipment;
{nstall unit (assembly, part) and operationally test it.
128
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7.5. Organization of Repair of Communications and Radio-Radar Support Ser—

vices Equipment

Repalr is an aggregate of organizational and technical measures directed to-
ward restoring communications and RTO equipment to service. It is performed
for the purpose of correcting failures and malfunctions, bringing technical
parameters to specified standards, and renovating equipment.

Repairs are performed by the personnel of communications and RTO subunits and
units, by organic maintenance shops and repair agencies.

Depending on the nature of malfunctions and damage, as well as the technical
state of communications and RTO equipment, the following types of repair are
specified: routine, minor, medium, and major. The first two categories are
unscheduled maintenance, while the latter two are scheduled maintenance,

Sets of ZIP [spare parts, tools and accessories] are employed in performing
repairs on communications and RTO equipment, sets which, depending on designa-
tion and specific features of employment, subdivide into single (ZIP-0), group
(Z1P-G), and overhaul (ZIP-R).

Determination of technical state is performed for communications and RTO eqip-
ment which have logged the designated maintenance intervals. One determines
the possibility of further operation of this equipment or the need for ap-
propriate repairs. On the basis of this, equipment is sent to maintenance
facilities for major overtaul. Routine and medium equipment repairs are
performed directly at their operational location as weéll as in special field
maintenance shops.

Warranty procedures are an important measure to ensure reliable operation of
communications and RTO equipment in the units. It is organized and conducted
in conformity with rules and regulations. Principal measures pertaining to
organization of repair of communications and RTO equipment are described in

Table 7.4.
Table 7.4. FPrincipal Measures Pertaining to Organization of Repair of Com-
munications and RTO Equipment
1 Types of Types of ZIP]Erocedure of Turning Com—- [Organization [Warranty
Repair of Com-|Employed in |munications and RTO Equip- [of Minor and |Claims
municat ions Performing ent in for Repairs and edium Re- Procedures
and RTO Lquip-fRepairs’ Obtaining Them Back 3 air of Com-
ment and Thetr 2 urning Communi-{Obtaining jmunications 7
Content cations and RTO | Communica4RTO Equipment
Equipment in For|tions and 6
Repairs RTO Equip
4 ment Back
From Re-
pairs 5
The following |The followinglAfter checking [Repaired Military unit |Warranties
kinds of re- |[ZIP sets are |the technical communica-shops may be [cover com—
pair are dif- lemployed in |state of communid tions and mployed to unications
ferentiated, [performing [cations and RTO |RTO equip-perform minor |and RTO
129 ment shal quipment,
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2

4

5

depending on
the nature of
the malfunc-
tions and
damage, as
well as tech-
nical state
of dquipment:
A) minor —=
minimal repairs
the perform-
ance of which

opevation of
cquipment
until its next
scheduled main~
tenance. With
this category

of repair, mal-

functions are
corrected and
damage re-
paired on in-
dividual com-—
ponents, mech-
anlisms, devices
and units by
replacing or

adjusting them,

for the pur-
pose of restor-
ing communi-—
cations and
RTO equipment
to an operable
condition,
Minor repairs
arc performed
at equipment
operating
locations by
crew members,

and when neces-—

sary by bring-
ing in unit
specialists.
B) medium —-
consists in

repair of com
unications
nd RTO cquipd
ent :

A) single
(z1r-0) --
supplted with
each plece of
communication
and RTO equi
ent and
designated for|

operable state

functioning
components oY
performance

divided into
emergency
(z1P-0-A) and
Jstation (Z1P-
0-S).

The emergency
set is used
for replace-
ment of failed
rGCairahlc
and ecasily-
removed non-
repairable
components ar.

equipment, the
need for repaif
is determined.
When sending
equipment for
repairs, the
followlng
equipment is
left in the
unit: backup,
auxiliary equip
ment and tools,
portable test
equipment,
telephone sets
clocks and
timers, en-
trenching and
truck tools,
typewriters ad
calculators,
blowtorches,
packing mate-
rials for
electrolyte,
water, oil and
fuel, motor
vehicle spare
wheels.
Communicationﬂ
and RTO equip
ment being sent
for repairs
should be gven
a thorougl. ex-|
ternal clean-

is kept in 8
immediate
vicinity of
equipment.
The remainder
of ZIP-0
elements forq
the station
set or kit.
B) group
(ZIP-G) -
provided

. sunt complete,

ing, should b

all requisite
documentation
prepared, and
be properly
packed, Com-
munications
and RTO equip-
ment means of
transportation
should be in

units from

shall check

ment was

shall take

Discovered

rected.
Preparation
repaired

shipment,
packing,
delivery to
shipping

ing and

sonnel, A

be present

personally
verify that

transporta-
tion is fit

good working
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be sent by the
repalr enter-
prise to those

which it was

repair results;
shall ensure
that all equip-

returned, and

part in post-—|
repair tests.

deficiencies
shall be cor-]

equipment for

points, load-

securing shdll
be performed
by repair enq
terprise per-

unit represem
tative shall

during load-
ing and shall

the means of

for service,
shall ensure

and medium
pairs on com-
munications

ment directly

received. at their loca
A duly-author-jtions. ‘These
ized unit shops are as-
representative|signed per-

formance of
the following
participation
in performance
of R-3, R-4,
R-5, and R-6
inspection
procedures,
participation
in minor re-~
pairs, per-
formance of
medium re-
pairs on cer-
tain uncom-
plicated
equipment
and component
parts, minor
modification
of equipment
on the basis
of informa-
tion bulletins
and efficien-
cy innovation
proposals,
fabrication
of auxiliary
and other
devices
providing imq
proved qualif
ty and faster
servicing and
repair of
equipment.,
Shop facili-
ties shall

of

and RTO equip-

eparate pieces,
{tems and units,
sets of spare
barts, tools
and accesso-
ries both in-
cluded with
equipment

and delivered
separately,
in which the
following are
discovered
during deliv-
ery acceptance,
storage, run-
in, installa-
tion, testing
or operation
within the
warranty
period: miss-
ing items;
improper
wrapping,
packaging and
labeling;
divergence of
parameters
from figures
specified by
standards

and specifica-
tions if
these param~
eters can-
not be
restored by
adjustment

as specified
in operating
instructions;
premature

wear and

failure of
equipment
items, as-
semblies,

include the

units and
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v

1 2

4

5

6

7

restoring the Jseparately
operational from the equlp
characteristicsjment and

of equipment byldesignated for
repairing or erformance of
replacing worn fminor and ewn
or damaged edium repair
equipment com- Jof a group of

ponents, with quipment. It
mandatory test-jsupplements
ing of the he individ-

of all other
equipment com-

ponents and per-jpair by re-
formance of ¢ lacement of
plete adjustmentffailed com-

onents which
re not part
f the ZIP-0

and tuning.
Medium repairs
are performed
by unit special-
ists.

C) major -- co
sists in com-
plete disas-
sembly and
thorough in-
spection of
equipment, re-

(ZIP-R) —-
upplied sep-

for perform-
ing major

ment of com-
ponent parts,
with subsequentjpair set No 2)
testing and repairs on a
bringing per- iece of equip-
formance ent or equip-
characteristicsiment group.
up to standards,
as well as com-—|
plete, compre-
hensive check-
ing of equipmet
parameters.
Major repairs
are performed a|
repair enter-
prises in con-
formity with

their assigned
equipment list.

order and in
full complemat.
The following
documents are
sent to the
repair enter-
prise: repair
work order,
document stat-
ing condition
of equipment
and equipment
list, complete
set of servic-
ing documenta-
tion, a state-
ment on the

condition of
transport
equipment, and
a list of

easily-removed
motor vehicle
parts.
Equipment may
be sent on its
own vehicle,
by rail, water
or air trans-
port.

If repair of a
given piece of
equipment
proves to be
impossible or
inadvisable,
it shall be
transferred to
category 5.

equipment is
firmly secured
and shall in-
spect to en-
sure the
presence of
the requisite
seals in con-
formity with
accompanying
documents.
During repair
of communica-
tions and RTO
equipment, all
built-in and
attached test
instruments
shall be
checked by the
repair facil-
ity, regard-
less of their
condition and
time of per-
formance of
the most reoent
mandatory
check.
Repairs on all|
communicatims
and RTO equipy
ment are
guaranteed for
the specified
warranty
period.

following:
mobile repair
equipment,
test instru—-
ments, equip-
ment and
devices in-—
dicated on
the equipment
list. In ad-
dition, a re~
pair shop
shall contain
work stations
for repairing
equipment
units and
racks, work
stations for
performing
general me tal
work and
machining,
stations for
checking and
testing
vacuum tubes
racks for
holding re-
paired equip-
ment and
equipment
received for
repair, as
well as
cabinets
(racks) for
storing test
equipment,
tools, sets
of spare
parts, tools
and acces~
sories, con-
sumable
supplies,
servicing
and repair

131

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

documen tatio

parts, lead-
ing to loss
of equipment
operating ef-
ficiency;
breakdown or
loss of equip-
ment efficien—
cy through
the fault of
the manufac-
turer or de-
signer.
Warranty
claims shall
not be honored
if restora-
tion of equip-
ment to
proper opera-
tion can be
achieved
without
breaking
seals (by
replacing
failed parts,
without
soldering).

A represen-
tative of

the manufac-
turer shall
be summoned
by letter

or telegram.
A warranty
claim docu-
ment shall

be drawn up
by a com-
mission with
the particip-
ation of an
enterprise
representa-
tive (bi-
lateral

document) .
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1

6

7

Scheduled
medium and
mafor repairs
are performed
{n conformity
with equipment
maintenance in-
tervals and the
actual techni-
cal state of
equipment

Shop opera-
tions shall
conducted on
the basls of
montbly plans.
Equipment
received for
repair shall
be entered in
a special log,
and an ap-
propriate
entry shall
be made in

this log vwhen
the equipment|
is released

This document

h?shall be

submitted to
the enter-
prise after
it has been
approved.
Restoration
of equipment
to service
shall be per-
formed in
the unit
within the
specified
period of
time., Work
performed

at the enter-
prise shall

have a deadline Speéified by the enterprise
director jointly with a representative of

the customer

7.6. Storage of Communications and Radio-Radar Support Service Equipment

The principal condition ensuring continuous operational readiness of communica~
tions and RTO equipment throughout an entire period of storage 1s correct orga-
nization of safekeeping of equipment at storage facilities and in milita~y sub-
units. Depending on storage specifications, communications and RTO equipment

may be kept in heated and unheated areas, under shelter or in the open. Under
field conditions equipment may be kept for a short time in temporary facilities
under shelter, in dugouts or tents.

Communicatfons and RTO equipment desi.gnated to reserve status, shall be placed

{n cxtended storage.

1t shall pe maintained as a full set of equipment, in

good working order, good for the required number of hours of operation to the

next major overhaul.

by sealing, emplo,ing moisture absorbing materials;

liqw."pment designated for extended storage shall be
protected for storage b, c~e of the following methods:

by sealing, employing moisture absorbing materials and general-pur-

pose volatile inhibitors;

by greasing parts and items subject to corrosion.

‘Principal measures performed for correct organization of storage of communica-

tions and RTO equipment are described in Table 7.5.
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Table 7.5. Principal Measures for Storage of Communications and RTO Equipment

Principal Measures En-
suring Safekeeping of
Communicat Llons and RTO
Fquipment .

onditions of Storage by Types of Equipment and Elements

I
i

In Heated Facili-
ties

n Unheated Facil-
ties

Under Shelter and in
the Open

Ffollowing are the prin-
clpal measures ensur-
ing safekeceping of
communications ;and RTO
equipment during
storage: correct lay-
out, equipping, con-
tent and utilizattion
of storage facill-
ties; quantitatively
and qualitacively
thorough procedures

of receiving equip~
ment for storage; cor—
rect placement and
stowage of equipment
during receiving and
storage; establish-
ment of normal con-
ditions of storage

for each type of
equipment; correct
selection of finan-
cially liable indivigd-
uals; continuous
monitoring of the
technical and qualita-

tive state of equipment;

proper organization of
general and fire
security of storage
facilities and obser-
vance of fire safety
regulations,
Communications and
RTO equipment mounted
on automotive chassis
shall be stored at
subunit motor pools
(antenna taken down,
equipment packed and

The following
should be stored
in heated facili-
ties: all prin-
cipal communica-
tious and RTO
equipment (radio
transceivers,
transmitters, re-
celvers, radio-
relay equipment,
ete); sound record-
igg and public ad~
dress equipment;
remote control and
|signaling equipment;
vacuum tubes and
semiconductor devices
charging and recti
fying equipment;
storage batteries,
including electro-
lyte-filled and
charged; rubber-
insulation power
and radio-frequen-
lcy cables; ZIP for
1 types of equip-
ment.

The following may
be stored in un-
heated facilities
communications
and RTO equipment
antenna vehicles;
power generatots,
power-supply
units and internsl
combustion motors;
transformers,
hookup wire, coil
wire, shielded
wire and cable;
acid and alkaliue,
dry and dry-
charged batteries;
wire-laying equip-
ent; field line
cable; insulation
materials, in-
dustrial rubber
products; paints
and solvents;
acids, alkalis
and chemicals.

The following may be
stored under shelter
roofs and in the open:
cable for buried com-
munication lines;

line equipment for
building overhead

and buried communica-
tion lines; equipment
for mechanizing laying
of communication
lines; mobile light
beacons.

In field conditions
(at maneuvers, exer-—
cises) communica-
tions and RTO equip-
ment may be briefly
stored in temporary
facilities, under
shelter roofs, in
dugouts or tents.
Under these conditions
spare parts, supplies
and tools shall be
kept in separate
crates if they are not
placed inside the
vehicle or equipment
packing.

secured.

Communications and RTO equipment with packing crates shall be stored in

subunit storerooms,
or on racks.
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7.7. Servicing of Radio Communications and Radio~Radar Support Services
Equipment by the Calendar-Parametric Method

The calendar-parametric method of servicing is a method whereby servicing is
performed on a calendar schedule and depending on the actual technical state
of radio equipment, determined by the values of monitored or tested parameters.

With this method, in the process of radio equipment operatiom, operating per-~ -
sonnel check equipment parameters on a regular basis to see if they meet
specified standards; if the checked parameters are within the specified limits,
no servicing or maintenance is performed.

When a parameter exceeds the allowable limit, adjustment, tuning or repair or
equipn@?t is performed. Maintenance of a specified technical state of equip-
ment assemblies and units the operating efficiency of which is not checked
with the aid of testing devices shall be achieved by performing specific

. operations on a calendar schedule.

In conformity with the above, servicing of radio equipment by the calendar-
parametric method is subdivided into daily servicing and calendar servicing.

Daily servicing includes the following:

external inspection of equipment for the purpose of spotting and
preventing mechanical breakdowns (including checking to ensure equipment is
securely mounted and checking tuning and control knob detents);

checking supply voltages for each phase and voltage at rectifier output;

comparison of the readings of the panel gauges of transmitting and
receiving devices, as well as the position of tuning and control knobs with
check list figures; when the checked parameter exceeds allowable limits,
appropriate adjustment, tuning and repair are performed in order to bring
parameters back within allowable limits;

inspection of transmission line and antenna mast equipment, for the
purpose of discovering and preventing deviatiion of measured parameters and
mechanical damage; :

checking to ensure a supply of spare fuses of the proper ratings, as
well as a check to ensurt proper operating condition of telephone communica-
tions, fire extinguishing equipment, security alarms, blackout system, and
operation of remote concrol devices.

Calendar servicing of radio equipment is performed in conformity with prior-
specified regulations. The effectiveness of this method of servicing can be
substantially increased by adopting improved methods of predicting gradual

radio equipment failures. Experience in operating ground radio communica-

tions and RTO equipment indicates that the overvwhelming majority of failures
in this equipment are preceded by gradual deterioration of parameters, not by
sudden changes. According to information in foreign publications, as many as
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100 gradual failures occur for every sudden failure of permanent-location
radio equipment: for ground radars there 91 gradual failures for every nine
sudden failures.

Thus the primary task of the calendar-parametric method of servicing is a
proper selection of predicted parameters, Obviously the selected parameters
should fully characterize the capability of radio equipment to perform its
tasks, It is essential that the number of parameters selected for predicting
gradual faillures be minimal.* The following can be selected, for example,
for the transmitters of standard ground radio stations: radiated power,
carrier frequency, and percentage of modulation of radiated signal.

The following failure prediction methods exist: functional, the characteristic
indication mgthod, high-speed, and extrapolation.

The functional method is employed in those cases where the law of change of
predicted parameter [1 in time is known, that is, the analytical relationship
of this function end the value of all its determining coefficients is known.
Measured parameter [1 at moment in time t enablks one to select a realization
* variant which characterizes a given concrete device, After this one can
calculate a device's time to failure by solving the following system of

equations: .
{n (t) = My;
T (ton) = Mipen

where nnpeg -~ level of failure (Figure 7.1).

¢

b bome

Figure 7.1. Dependence of Parameter [(t) for the Functional Method of
Prediction

This method of prediction requires statistical data, The method of

characteristic indication is based on knowledge of the behavior character-
istics of function M=l(t) in a period of time preceding failure. At these
moments function M=M(t) is characterized by a significantly faster rate of

change, that is, large value of derivative ;Z . A substantial increase

* At the practical level selection of prediction parameters is defined as
selection of monitored circuit points, that is, locations in the equipment
where a given parameter is measured.
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in %ﬂ;' , which can be observed in the process of development of failures, is

utilized for predicting them. For example, an increase in a resistor's
resistance value can indicate that it will soon fail.

High-speed methods of prediction are subdivided into prediction by change in
tube plate current and transconductance and prediction on the basis of noise
current or noise resistance value.

Experience in operation of radio electronic equipment indicates that for all
tubes the ratio of emission current or transconductance and operating time
-with reduced heater voltage in the process of measurement is always greater
than the same ratio measured at normal heater voltage. The greater the dis-
tance between normal and reduced heater voltage, the more the curves differ,
These relations have made it possible to employ the following method of
prediction., To test the quality of a tube, a reduced heater voltage is applied
to it, and one of its parameters measured: mutual conductance or emission cur-
rent. If with a reduced heater voltage the indicated parameter has a greater
value than the level of tube efficiency in the given circuit, the tube is con-
sidered reliable and is not replaced. If the tube parameter lies below the
efficiency level, it is replaced.

- Difficulties in measuring tube mutual conductance and emission current direct-
ly in an operating circuit led to development of a method of predicting tube
failures by the magnitude of their noise current or noise resistance (Rw).

We know from noise theory that with a decrease in tube mutual conductance S
its nolse resistance should increase, since these parameters are interconnected
by a ratio of the following type:

24-3
Ry=—g5—

for triodes, and

ro-Band)

for pentodes, where I —- plate current, Iy -- cathode circuit current, Igz -—
screen grid current.

Experimental studies confirm th's ratio. With a decrease in heater voltage, Ry
will be significantly less than with normal heater voltage.

. X
Yl U\M‘Q
]
)
\ {taom)

bt H Dl by ba

X))

Figure 7.2, Relation of Parameter X(t) for the Extrapolation Method of Prediction
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When a maximdﬁ value (Ry ann) is reached, the tube is replaced. Noise
resistances can be measured during operation.

The extrapolation method of prediction is based on observation of the
behavior of the function X(t) at a certain interval tg-tn+m with change in the
value of parameter X at several points (Figure 7.2).

Prediction of the value of X(tp4m) can be performed as a result of calculation
by Newton's interpolation formula:

X(ta+mt)= X, +mbX,_, +'T‘L,2'"’-'-'-) BX3 54 v+

! .
+ _m.i'f._"'l"l_"i:_l. X%, 7.1
where
AXye= X, — X AXJ=AX,—0Xy  AXEe AXE1_axEY
A= Xp— X3 X =0X,—aXy  AXY = AXES _axil

AXpym= X X, _p3 AX2 = 8K, — X, AXE = AXA-1_ axA=l
t—t, :

n e —r—,

‘ll

On the basis of this formula one can solve the inverse problem -- determination
of the number of prediction steps until failure occurs, For practical pur-~
poses we can recommend the following calculated expression:

I (5 — bRy 4 4y) + /(5 — Bk + ko)2— 16 (1— 2k, + Ry} (1—F )
= ’

, T0+2, 1)
where . . (Lm
X -1 xn-2 xmn .
"1""";:‘-”2" b Agon™ X, -

Nomograms can be constructed for convenience of employment of formula (7.2).
These nomograms present relations m=f(ki3, ky) for various knon-

7.8. Estimating the Operating Condition of Communications and Radio-Radar
Support Services Equipment

An evaluation of the operating condition of communications and RTO equipment is
performed as a rule on the basis of the following principal indicators:

1. A rating of "excellent" can be given if all equipment, power supply equip-
ment, ZIP and other station equipment meets the following requirements:

a) the equipment is fully operable and is in operational recadiness;

b) operating conditions of units and technical parameters as a whole
meet gtandards;

c) there is no dirt, corrosion or mildew on parts and mechanisms;
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d) all wooden and metal surfaces are painted (where necessary);
e) mechanisms and parts requiring lubrication are lubricated;

f) the state of station equipment meets technical safety requirements;
the heating system meets fire safety requirements; safety and firefighting
equipment is operable and in good order;

g) technical documentation is available and is being correctly main-
tained;
h) there is no missing spare equipment, test equipment and tools, and
- all items are in good working order; i

i) power-supply units are in good working order;

j) DC and AC generators are working without malfunction, commutators
and collezting rings are clean, without defects, and brush size and grades
are correct for the given type of generator;

k) voltage regulators maintain stable voltage within allowable load
limits;

1) all switches, controls, fuses and other devices are in good work-
ing order; fuses correspond to the proper ratings, and instrument readings
agree with log figures and factory instructions;

m) truck and trailer running gear is properly balanced, wheels and
cab windows are protected from damage and are intact:

n) power, radio-frequency and other cables are laid out in conformity
with specified requirements;

o) station orlentation or alignment errors do not exceed the maximum
allowable.

2. A rating of "good" can be given if the same requirements are met as for
a rating of "excellent," but lesser marks are given under points d, h, and J.

3. A rating of "satisfactory" is givon if the same requirements are met for
a rating of "good," but individual failings occur under points g, i, and n.

4, A rating of "umsatisto~tory" is given with failure to meet points b, c,
e, f, 1, and o, regardl~se of whether the remaining points have been met,

7.9. Safety Measures in Cperation, Servicing and Maintenance of Communications
and Radio-Radar Support Services Equipment

General

All handling of communications and RTO equipment shall be performed in strict
conformity with the requirements of current gujdeline documents on safety rules
and procedures, and In conformlty with the requirements of operating and
servleing manuals, Observance of safety rules and procedures shall. be mandatory
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in all cases, regardless of conditions and urgency of the job being performed.
Following are the principal measures which ensure safe operation and ser-
vicing of communications and RTO equipment:

timely planning of measures to ensure safety of performance of all types
of operations;

organization and execution of teaching personnel safe operation methods
and clearing them for unsupervised handling of communications and RTO equipment;

instiliing in personnel a feeling of responsibility for strict obser-
vance of safety rules and procedures on the job;

equipping of work stations with safety devices and.maintaining them in
good working order;

verification of organization of measures ensuring job safety, prompt in-
vestigation of accidents and injuries, and elaboration of measures to prevent
same,

Personnel operating or servicing communications and RTO equipment must be
familiar with and must strictly observe specified safety rules and procedures
and must be able to administer first aid to casualties.

Teaching personnel safety rules and procedures shall be performed with the fol~
lowing types of briefings:

a) introductory briefing, performed for the purpose of acquainting new-
ly-arrived persommel with safety rules in the unit area (airfield), as well as
the dangers which can arise during operation and servicing of communications
and RTO equipment; this briefing shall be given by a safety inspector or
other person designated by appropriate order;

b) briefing at work station is performed for the purpose of study, re-
inforcement and testing of knowledge on safe work procedures at a given work
station; this briefing (primary and periodic) shall be given by the subunit
commander individually with each man at his work station in conformity with
current regulations;

¢) briefing before work begins (daily) is performed for the purpose of
reminding persomnel of the principal rules and procedures of safe job performance
(stressing the most dangerous operations) and procedure of employment of protec-
tive devices in emergency situations! this briefing shall be given by the
immediate superior or work supervisor;

d) unscheduled briefing is performed when changes are made in instruc-~
tions and operational sata, at the request of inspecting personnel, as well as
in cases of violation of safety regulations and procedures.

Personnel shall be permitted to operate and service communications and RTO
equlpment power generating equipment upon carning an electrical safety qualifi-

catlon group destignatfon (from [ through V), in conformity with current regula~
tions, 139
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Quallflcation group I is designated following the introductory briefing and
primary briefing at the work stationm, without indicating authorization to
operate and service, Award of the remaining qualiflcatlon groups (from 11
through¢Y) shall be made by a commission for authorization for unsupervised
operation and servicing of communications and RTO equinment, or by a special-
ly appointed qualification commission.

Commissions consist of three persons possessing qualifications not below group V
of IV (one commission member is a power supervisory inspector). It is em~
powered to award a qualification group not higher than that possessed by its
members. Test results shall be formally recorded in the safety regulations

and procedures knowledge test log; at the same time the individual shall be

- certified in'writing as authorized to oparate and service communications and

RTO equipment.

Persons who have violated current safety regulations and instructions shall be
specially tested.

The following should be present at all times with communications and RTO equip-
ment: Instructions of safety regulations and procedures, requisite protective
devices, accident prevention posters, fire extinguishing equipment, tools and
devices ensuring work safety.

Danger of Electric Shock

Electric current, affecting the human organism, leads to various impairment

of functions. For example, with a current of 1-3 milliamperes, one feels a
slight tickling on the skin of fingers touching a wire. With a current of

3-5 ma, the entire hand feels a stimulating sensation; a current of 8-10 ma,
alongside strong irritation of sensitive nerves, causes involuntary contrac-
tion of the muscles of the hand and wrist. With a current of 15 ma in-
voluntary muscular contractions increase, and it becomes impossible to un-
clasp the hand: the victim seems to be securely gripped to the wire (a current
of this force is called "nonreleasing”" in medicine). The effect of such cur-
rent is initially not potentially lethal, but when the victim remains longer
in contact with the electrical circuit, the effect of the current intensifies
as a result of decreased resistance of the body due to electrical breakdown

of the skin or perspiration. Application of a stronger current (25-50 ma)
causes convulslve contrs..tion not only of the muscles of the hands and arms
but also of the trunk, ir.:luding the chest mscles, which take part in the
breathing process. This e’fect of current lcads to difficulty or cessation

of breathing. The irritating effect of a cwrrent of 25-50 ma causes narrowing
of the blood vessels and consequently increase in arterial pressure and makes
it more difflicult for the heart to work (the victim loses consciousness, and
death may occur,

The amount of current passing through the organism is determined both by cir-
cuit voltage and by body resistance, which differs with dry and damp skin,
Consequently the degree of affection will also vary.
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The most frequent cause of injury by electrical shock (s accldental contact

with just one conductor, directly connected to a live circult.

s

erving as

ground is the earth (or floor) on which the victim is standing, the cases of
electrical instruments, apparatus, water and sewer pipes, as well as any other

metal objects~in electrical contact with the earth.

High-voltage shock can

occur without direct contact with a conductor, across a spark gap when one is
Injury by shock can also occur upon contact with an ob-
ject which 1s not part of the power line or generator unit but which is in
contact wtthrqhem as a result of malfunctions in electrical generating equip-

close to a conductor.

ment.

In order to avoid injury by electric shock it is necessary thoroughly to learn

safety regulations..

Table 7.6 contains the principal safety regulations per-

taining to operating and servicing various radio and electrical equipment,

Table 7.6, Safety Rules
1 General Rules 2 When OperatingfWhen handlingy4 When 5 When Handling
or Servicing or Servicing fHandling for Sexrvicing High-
Radio-Radar Power-Supply for Servic-jVoltage Power
Equipment Units 3 ing Stor- |Generating
age Bat- [Equipment (Above
tery 1000 Volts)
Equipment
1, TFacilities shouldfl. The followingjl. All power{l. The k{1, The following
be provided with safeqrequirements must Jgenerating lowing re-{equipment at
ty equipment (rubber [be observed: ener-jequipment quirements jpower generating
mats, grounded dis- [gize equipment shall meet should be fpiants and sub-

charge rods, insulat-
ing boots, rubber
gloves, protective
goggles, tools with
insulated handles,
etc). They should
all be tested for in-
sulation capability.
2, When equipment is
on, it is prohibited
to: connect and dis-
connect cables and
wires; remove units
and replace tubes and
fuses; perform solder-
ing and rewiring; ar-
tificially close block

contacts; inspect and phen opening up

repair equipment when
power is on,
3.

Entenna and earth

Protective ground-

nly after thorougn
y verifying that

ightning arrestorsy

nd grounding
devices are in
proper working
pbrder; do not
touch wires and
waveguides of the

creen of an oper-
ating station; use
caution and wear

vhen replacing
cathode~ray tubes;
liear rubber glows

high-voltage umnits;)
after unit is
opened, all high-

ing shall be provided
on all facilities
with voltages of 115
volts and more. All

lvoltage components
should be dis-
charged with a
grounded rod.

protective goggles|be placed be-

the following
requirements:
electric motor
generator
winding and
inverter leads,
as well as
rotating parts
of machinery
shall be
securely
covered; in-
sulation chall

tween leads
under voltage
and protective
covers; it is
prohibited to
remove
protective
covers when
equipment is
operating;

enerator
%1 ’
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observed
in battery
YOOmMS: SuCH
tion-and~ -
exhaust
ventilati

stations must be
grounded: hous-
ings of
generators,
transforners,
oil circuit

is manda—-arbreakers, etc;

tory; it
is prohib-
ited to
clutter
aisles with
any ob-
jects;
smoking and
eating are
forbidden;
acid and
alkaline
batteries
should be
housed
separately
(in dif-

leads of
electrical dis-
connectors;
secondary wind-
ings of cur-
rent and vol-
tage trans-
formers; dis-
tribution

board and con-
trol panel
frames; metal
structures,
cable boxes,
cable terminal
cases, metal

cable sheathing,

ferent roomsHH
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Table 7.6 (cont'd)

1 2 3 4 5
metal structures shall |2. The following Jelectric mtm2. Storage D. The fol-
be securely grounded [are essential when [inverter and patteries Lowing rules
(by bolted connectiom,working on antennagstarter hous—should be ser{must be ob-

welding or soldering). Jand antenna masts: {ings shall bejyiced by per-fserved during

Grounding device
reglatuance shall not
exceed 25 ohms for
mobile equipment and
shall not exceed 10

ervicing persomnelfreliably ons with a }routine ser-
hall be raised to |protected an
asts by winch or [grounded.

oist only after . The fol-

checking for properflowing is es

ohms for stationary perating conditionlsential dur- [servicing andjment: do not
facilities. the braking mech- ling perfor- |maintenance [go beyond

4. When working on anism, brake band, jmance of operations [protective
metal structures with Jcable integrity, quipment ser{should be perfparriers or
electric hand tools, fand solid secure- |vicing and [formed by perfenter dis-

the tool housing must fment of hoist and [maintenance: sonnel wear- Jtribution sys-.
be connected by wire |hoist cradle; do |flectric ing rubber |tem (RU). rooms
to the body of the not release the tors, aprons, ithout

metal structure. Dur-frinch handle until |generators, {gloves and [protective

ing operation the jhoisting is com~ nverters, rotective barriers; upon

tool power cable must fpleted; mast ser- asoline and

" not come into contact fvicing is prohibiteddiesel motors When
with hot surfaces or |during thunderiormsghall be preparing
with surfaces coated |during high winds, [shut -down; lectrolyte
with petroleum prod- [icing and heavy ommutators .jone should
ucts. Electric tools frain; transmitting Bhall be first pour
used in damp and and receiving an- kleaned and |the water

tennas which are ressed and
ot operating shallslip rings

crowded quarters
shall not operate at

discovery of
grounding of
any high~vol-
age current-

element,

a voltage greater

be grounded (HF andpolished on

than 36 volts. MF bands). rotating continuously Wear rubber
5. 1In performing all |3. Personnel are [equipment xing the boots, gloves
types of control prohibited from only at olution witfand an insulat-

operations or during
equipment mainte-
nance one must: dis-
connect from all
power sources; make
sure that there is

no voltage on the de-
energized equipment
(with the aid of a
test bulb or volt-

working in fields
of strong micro- hen perform-
wave radiatior. ing these
When suclk work mstloperations
be done, personnel jone should
sheald wear prot:ec]:ear protec-

reduced rpm;

tive suits and tive goggles
masks and should nd display
cnploy absorbing |particular

and shielding coat-caution; no

meter)., ings. Motor vehiclefloose cloth-
6. The following operﬁbodles, working and |[ing should b
atlony may be perfizmed jliving quarters orn, and .

on cnergized equipment:
cleaning and wiping
cabinets; replacement
of burnt-out fuse
cartridges.

should be equipped |sleeve cuffs
with absorbing and [should be
shielding materidsjsecurely but
which reliably toned; per-
protect personnel |sonnel must
142
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charging.

to a battery
room should

warnings:

ing rod (as a

ule one may
approach to
a distance of

mandatorily
ith a second
Iperson present,
Installation
and removal of
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1

c 2

3

4

5

These operations must
be performed with ob-

servance of safety
procedures (employ-
ing safety goggles,
insulating gloves,

of microwave radia-
tion.

4., Exhaust gases
from operating en-’
Jesines, fuel and

rubber boots, insulat-{lubricant vapors,

ing mats).

and carbon monoxide
fumes from heating
lequipment shall
not be permitted

to enter equipment
rooms, working and
living quarters.
The latter shall be
continuously aired,
and 1f necessary
they shall be
equipped with
forced-air ventila-
tion

from excessive hwek#wear insulat-

ing gloves
when taking
up, deploy-
ing and mov-
ing portable
connecting
cable lines
carrying cur-
rent,

3. Foreign
objects
which can
cause short
circuiting
should not
be allowed
in the
vicinity of
electric
motors, con-
verters, and
generators.
Knife switches
and all other
switching
equipment
should be
protected

against accidental contact with
their current-carrying components.

DO NOT,
ENTER
WITH
FLAME,
EX-
PLO-
SION
HAZ~
ARD

form the requisite disconnections and take measures preventing

mistakenly applied to the work location.

4.

responsible individual (work foreman or superintendent).
bine supervision with other tasks.

fuses in circuits
with voltage ex-
ceeding 1000 volts
shall be performed
with the aid of
insulated pliers.
3. The following
rules shall be ob-
gerved when per-—
forming servicing
and maintenance of
high-voltage equip~
ment: work on high-
voltage electrin
power equipment
shall be done on
the basis of work
orders specifying
location, time,
job conditions,
composition of
work team and
persons responsible
for job safety;
jobs by work order
shall be per-
formed by not less
than two persons
assigned to the
glven equipment;
when readying a
work station, per-
voltage from being

Work with high voltage should be performed under the supervision of a

The latter may not com—

Duty personnel are prohibited from making

any changes in thc power equipment circuits without the knowledge of the job
supervisor Lf such changes would alter the working conditions specified in the
work order from the standpoint of safety rules,

143
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Chapter 8. ELECTRICAL MEASUREMENTS EMPLOYED IN COMMUNICATIONS
AND RADIO-RADAR SUPPORT SERVICES EQUIPMENT

8.1. Principal Data on Metrological Support in Communications and RTO Units

Metrology, in the general definition of the term, is the science of measures.
Its principal tasks are establishment of units of measurement, reproduction
of these units of measurement in the form of highly~-accurate specimens
(standards), and elaboration of methods of pre{cise measurement. Metrological
support activities are conducted in the military for the purpose of practical
implementation of the principal tasks of metrology.

Metrological support is an aggregate of orgmizational—technical measures
directed toward ensuring uniformity and reliability of measurement of the
parameters of commumications and RTO equipment, with the objective of main-
taining combat readiness and effectiveness of utilization of this equipment
at the required level.

All test equipment employed at all stages of operation and maintenance of com-
munications and RTO equipment is encompassed by a single common term -- tech-
nical monitoring means (TSK), regardless of the place of their employment,
principle of construction and mode of employment.

All technical monitoring means designated for monitoring specific items and
built as a single unit are called "special instruments" (PS). If they are all
contained in an aggregate of tert instruments, they are called "monitoring and
testing equipment" (KPA).

All technical monitoring means ‘employing the principle of automatic monitoring of
parameters are called automatic. In conformity with this we differentiate be-
tween special automatic instruments (APS) and automatic monitoring and testing
equipment (AKPA), Technical monitoring means designed on the principle of

test equipment and servicing-maintenance consoles designed for testing and
tuning individual items, units, channels, etc, are called servicing-maintenance
panels or consoles (ERP). General-application technical monitoring means are
subdivided into:

electrical testing instruments (EIP);

144
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radio-measurement instruments (RIP);

other measuring instruments (designated by the letter 1, followed by
the capital letters of the quantity to be measured).

All measuring devices and test circuits designed to monitor the parameters of
communications and RTO equipment and built directly into the monitored equip-
ment are called "built-in monitoring" (VK) equipment, The monitored param-
eters and their extent are determined proceeding from stages of operation and
maintenance in the process of which these parameters are monitored. Servicing
and maintenance of ground communications and RTO equipment is broken down from
the standpoint of inspection monitoring into the following stages:

prior to operation;

during operation;

during daily equipment check;

during weekly equipment inspection check;

during monthly equipment inspection;

during quarterly equipment operation inspection;

during semiannual equipment operation inspection;

during annual equipment operation inspection;

during inspection in the process of changing over from summer to winter
operations and vice-versa,

General requircments on test measurement of parameters for all th: above stages
of servicing and maintenance are as follows:

minimum volume of tested parameters and quantity of utilized technical
monitoring means;

checking operation of all units and equipment as a whole without
emitting signals into the air.

Signal power level across dummy loads and absorbing screens should not exceed
the figures specified in current standards as regards requirement: on com-
munications security, blackout and noise concealment.

Operation tolerances of two types are established for equipment parameters:

operational monitoring tolerance J;K (indicated on servicing cards on
the basis of which equipment setup is performed);

145

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

el

FOR OFFICIAL USE ONLY

Operation preventive maintenance tolerance J;ﬂ- (indicated on servicing cards
used for performing tuning and adjustment operations).

1f the measured value of a parameter is beyond the limits of tolerances d;k
or d;ﬁ , the piece of equipment is considered failed, and the event correspond-
ing to this -- failure.

. A most important characteristic of results of test measurements is reliability,

which expresses the property of information during inspection, reflecting the
actual state of the inspected item. We differentiate method reliability and
instrumental reliability.

Method reliability characterizes the degree of adequacy of information taken
from the inspected item with selected methods and technical monitoring means
for evaluating its technical state. Method reliability is estimated quantita-
tlvely by coefficient kMﬂ’% ( N -- total number of inoperable states of the
tested item, n -~ total number of inoperable states of this item discovered by
monitoring means).

Value kyp should comprise:
during preliminary preparation of equipment 2 0.8;
during performance of adjustment procedures 2 0.95,

Instrumental reliability characterizes the degree of conformity between
test results and the actual state of the equipment, Quantitatively this
reliability is estimated by the probability of undetected malfunctions Pyg
(error of the first category) and probability of spurious malfunction Pjq
(error of the second category). .
If a testing device measures more than one parameter, instrument reliability is
characterized by the allowable probability of occurrence of a spurious failure
in at least one parameter:

m
Pror=1—=1(=Pao ) @1

where Pjpj;~- value of probability Py when checking i parameter; m -- number of
checked parameters,

The overall allowable value of quantity Py when checking the parameters of
communications and RTO ecwipment should not exceed 0.1. Of great importance

in metrology is the question of standardizing test equipment. All employed
measuring instruments are characterized by largest allowable basic errors under
normal conditions and greatcst allowable secondary errors.

Basic error is error inherent in an instrument operating under normal conditionms.
Normal conditions are those where ambient temperature is +25%10°C, relative

humidity 65:15% (at a temperature of +25:5°C), and atmospheric pressure
750430 mm Hg.,
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Secondary instrument error is an error which occurs with deviation of one or
several influencing factors from normal or from operating conditions,

Normal instrument operating conditions are conditions whereby the greatest
values of these types of error do not exceed allowable values in probability
of spurious malfunction Py of the item being tested (Pjj is indicated in
the specifications and technical description of a piece of equipment).

Technical monitoring means (TSK) should meet certain reliability requirements.
Following aré the principal criteria: operating time to failure T and
probability T(t) that metrological (accuracy) characteristics will remain
within specified limits during required time t. Table 8,1 contains operating
time to failure for instruments employed to test communications and RTO
equipment [12].

Table 8.1.

Degree of Complexity of TSK T, hours
Simple instruments (number of components in cir-

cultry approximately 500) Not less than 2000
Instruments of medium complexity (number of com~-

ponents in circuitry approximately 1000) Not less than 1500
Complex instruments (number of components in

circuitry approximately 2000) Not less than 1000

Quantity T Includes duration taking into account sudden and metrological wmal-
functions. Probability that metrological (accuracy) characteristics P(t) will
be retained is estimated for the period between regular mandatory TSK checks.

8.2. Measurement Errors

Any measurement, no matter how painstakingly it is performed, is accompanied
by errors. They are subdivided into three groups according to the criterion
of pattern of occurrence:

1. Systematic errors, which remain constant or varied in the process of measure-
ment according to a specific pattern, They are divided into instrument errors,
which occur as a consequence of limited instrument accuracy; subjective, which
occur as a consequence of imperfect sensory organs of the observers; external,
which nccur as a consequence of changes in environment parameters (temperature,
humidity, pressure, cte), and errors of method, caused by imperfection of

method or Incomplete knowledge of all circumstances attending a glven measure-
ment.,

These errors affect the correctness of performed measurements. They should be
climinated by eliminating their causes or by introducing corrections.

2. Random errors, which inevitably arise with all types of measurements, exert
considerable influence on their accuracy. They are taken into account
analytically by determining root-mean-square calculated error of mean arith-
metic value

147

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

FOR OFFICIAL USE ONLY

'  e———
— . o
Y, ¢
-l
o, = % ———"n__

G

-~e

f ®.2
P n( .
where v p=ag=dep == residual crror; ay -~ inatrument reading; acp - arithnetical

mean of a number of measurements
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< ' ‘
2,% —- sum of separate measurements of one and the same quantity; n --

fes'

number of repeated measurements.

3, Gross errors resulting from measurement errors. A measurement where
€1>3ap 1is considered a gross error. These errors should be discarded; their
absence determines validity of measurements.

The following indicators are used for quantitative evaluation of measurements:
absolute error, relative error, and reduced error.

Absolute error of measurement A is expressed as the difference between instru-
ment reading aj and the actual value of the measured quantity x, that is,

Ae=gyez, - @9
In this instance correction is defined as absolute error taken with reverse
- sign: . .ol
i == X v n‘. . . (8.4)

Relative error is expressed (as a percentage) by the ratio of absolute error
to the actual value of the measured quantity, that is,

oA 8
-“‘ 100-:-‘-;‘100. . . 8is)

With a sufficiently small quantity, it is convenient to express relative error
directly in relative quantities, such as +5 x 1074,

Relative error can also be expressed in decibels:

. a:iong(n-;-,—?,b). B 8:6)
Table 8.2 contains relati.e error values which are frequently encountered in
practice. :
Table 8.2

3 % 0,2 03 | 35.]"47 | 122] 202/ 259 | 318 413

3,26 | o001 | o1 foiw | 02| 06| 08 10} L24 L6
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Reduced error is expressed (as a percentage) by the ratio of absolute error
to the upper (nominal) value ay of the readings of a given instrument, that
is,

A .
—_— 8.7
¥y == o 100. @7

.

P
L

with direct, one-time measurements, for estimating error one utilizes error

specified in the test irstrument's operating and servicing manual.

With indirect measurements, when the result is determined by means of cal-
culations on the basis of direct measurements of auxiliary quantities, error
is estimated with the formula v

' B i l/ﬁ bf . 8.8)
=1 .

where 6y -- error of measurement of one of m auxiliary quantities,

For example, in measuring voltage with a vacuum tube voltmeter with a voltage

divider let there be two independent errors: basic error §y (£3% of the upper

limit of the 500 volt scale) and voltage divider error §J] (#2% of the measured
quantity at 400 volts). These errors and the total error will be equal to:

3. 500 ° 2400
Bo—i-—l—or-:};lﬁ V; bn_i T -8 V3

p—_— Vag-;-»';-t‘}/lswav_i 7oy,

The result of measurement in this example will be written as E=400£17 V,

8.3. Technical Standards and Measurement of Principal Parameters of Communica-
tions and Radio-Radar Support Services Equipment

During servicing and maintenance of radio communications and RTO equipment it
becomes necessary to measure the values of a number of equipment electric¢al
parameters for the purpose of determining their conformity with specified
standards. The degree of divergence of parameters from these standards in the
process of operation influences the nature and type of servicing. Quantitative
characteristics of technical standards for radio transmitting, radio receiver
and antenna-transmission line devices are contained in Table 8.3 [12].

Table 8.3. Technical Standards of Principal Parameters for Radio Transmitting,
Radfo Receiving and Antenna-Transmission Line Devices

Parameter and Its Defini-|Method of Measuring Param- jAllowable Remarks
tion 1 eter 2 Deviations of[. 4
Measured
Parameter 3

Radio Transmitters

Rated transmitter output,|Measurement of output power |The readings of jTransmitter
that is, the power a 1is performed as follows: final-stage in- Jrated ouput
transmitter can put at a |VHF-UHF transmitters -- by |struments and |is checked
given frequency into a type IBM-~1 high-power transmission not less than
matched load (determined Jor similar instruments; HF |line indicators [once each

by the type of transmitterjtransmitters -- photo-  |should agree year, and in
and established by the metrically, with tuning addition
manufacturer) 149
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1

2

Transmitter frequency stb-
ility; characterized by
frequency deviation from a
specified value in relatin
to operating band, not to
exceed the amounts speci-
fied in 'Table 8.4
Requisite bandwidth, that
is, the minimum bandwidth,
" adequate with a given

type of radiation to en-
sure transmission of
messages at a rate and
with the quality required
for a communications and
RTO system under speci-
fied conditlons

Transmitter power is con-

tinuously monitored by con-
trol console instruments

Frequency stability 1s
checked with a frequency
meter. Frequency stabili-
ty is checked when tuning
transmitters to the oper-
ating frequency

Test equipment consists of
a radio receiver of the ap-
propriate band (with a
passband adequate for the
bandwidth to be checked),
a heterodyne frequency
analyzer connected to the
receiver intermediate-
frequency stage, and an o0s-
cilloscope connected in
parallel to “he heterodyne
frequen.y analyzer or to
the output of the recelver's
smplitude detector. The
oscilloscope is used to
analyze the signal wave-
farm and to set zero meter-
ing level at the level of
the unmodulated (un-
keyed) carrier by means
of preliminary measuring
equipment calibration from
the high~-frequency local
oscillator.
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3 4

table figures,|after each

with the fol- Joccasion

lowing toler- |transmittev

ances: for repairs are

grid current performed

+20%; for gen-

eral cathode

current from

-20% to +10%;

for current in

transmission

line or voltape

at transmission

line input (from

the average

value of both

indicators) +10%

Allowable devla-

tions for traasq

mitters of all

categories are

listed in Table

8.4

Table 8,5 1lists fReceiver

requisite fre- passband and

quency band- frequency

width standards janalyzer

for various band cover-

classes of emis-age width

sions should be
broader than
the cal-
culated
values of
the requisite
bandwidth:
fivefold
for emissions
of Type Al,
threefold for
A2, and 1.5-
2-fold for
all others




APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

Table 8.3 (cont'd)

11,

2

3

4

Occupied cmission bandwidth,
that is, emission bandvidth
including allowance for ex
pansion beyond standard re-
quired bandwidth

Power of spurious emissions,
which can be generated in
a transmitter simultaneouss
ly with rated power

Non-linear harmonic distor-
tion coefficient, that is,
a quantity characterizing
divergence of the waveform
of the modulating signal a

Measured in the same way as
for the requisite emission
bandwidth:

Bygy =Bu(1+AB),

where B,q, -- occupied
band, Hz; By ~- requisite
bandwidth, Hz; AB -- allow-
ance for increasing band-
width

Measurement is performed by

transmitter being tested is
switched on at rated power
output. Spurious emissions
field intensity is measured
with the aid of a test

receiver, interference

measuring equipment or com-
parator circuits. Then the

and an auxiliary signal
generator 1s connected to
the transmission line, tuned
to the spurious emission
frequency and output power
adjusted until field inten-
sity at the same test point
is equal to the transmitter
field intensity at the
spurious emission frequency.
In this case spurious emis-
sion power of the trans-
mitter being tested is equal
to the power output of the
auxiliary oscillator (as-
suming constant amplifica-
tion of the test receiver)

It is determined from non-
ings or from an amplitude

the aid of a modulation meter

the transmitter output f
its waveform at input Kj

and an audio frequency gen-
erator

Table 8.5 con-
tains standards
for occupied
frequency band-
jwidth

Table 8.6 con-~-

the substitution method. Thejtains spurious

emission stan--
dards for radlo
transmitters of
lvarious catego-
ries and func-
tions. Spuriows
mission field

itter), field
trength of

purious emis -
ions should Dhe

ion at the

uency
e non-linear

linear distortion meter read-harmonic distor—

ion coefficien

frequency of
00 Hz at 90%
modulation and

0 db below ends-

fundamental fre-

Testing of the
pon—linear har-
onic distortion

characteristic obtained withlis determined atkoefficient is

erformed once
year

ShOUI§5Re not more than 10% with these
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1

2

3

4

Frequency charac-

teristic, that is)

characteristic in
the band of fre-

quencles specifieduoltage is applied from the audio

in the trans-
mitter's operat-
ing and servicing
data

Noise background
level, that is,
parasitic low-
frequency modula-
tion

Frequency devia-
tion, that is,
the greatest

divergence of freo
quency from a mean|

valuc

Obtained by type KIS-2 test equipment
rack instruments or with the aid of
an audio frequency generator and
odulation percentage meter, A

frequency generator to the modulator
nput at a frequency of 1000 Hz, at
level establishing modulation at
0%. Keeping this level constant,
enerator frequency is changed with-
n specified 1imits at 100 Hz in-
ervals, measuring percentage of
odulation. A frequency character-
istic curve is plotted from these
easurements, from which one deter-
ines deviation of the level at
'xtreme frequencies at the level cor-
responding to a frequency of 1000 Hz.
iThis deviation should be within
pecified 1limits
oise background level is measured
kvith the aid of a modulation meter,
output indicator,-and audio frequen-
cy generator. Two measurements are
taken to determine noise background
level: the first —- at a modulation
frequency of 1000 Hz with an output
eter connected to the output ter-
inals of a modulation meter (one
determines output voltage correspond:
ing to 100% transmitter modulation),
and the second —- with the audio fre;
quency generator disconnected, with
bne carrier frequency (one deter-
ines voltage Egq¢» corresponding to
harasitic modulation). Noise back-
round level is determined as the
ratio E

ngt , expressed in decibels,

1w g

br as the ratio =2cL 100, expressed
E1007%

s a perceitage
hecked with a wavemeter or with the
id of a first-class radio receiver

Deviation from
a level cor-
responding to
a frequency of
1000 Hz at 507
modulation
should not ex-
ceed 407 (by
+3 db)

ground level

quency-shift
keying; 25 db
or 5% during

or 1% during

ation

The greatest

exceed 57
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The noise back-

should not ex-
ceed: 40 db or
1% during fre-

amplitude manip
ulation; 40 db

telephony oper-

frequency devia-
tion from a mean
value should mt

Frequency
character-
istic 1s
checked once
a year

Noise back=-
ground level
is checked

lonce a year

Frequency
deviation is
checked once
each duty
shift
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1

2

3

4

Signal waveform distor-
tions, that is, distor-
tions caused by transient

processes during amplituds]

manipulation

Sensitivity, that is, the
ability of a radio re-
ceiver to receive with
minimal signal voltage at
input, providing normal
output power or voltage
and a specified signal-
noise ratio. Input vol-
tage is determined by type
of radio receiver and is
established by the manu-
facturer

Passband, that is, that
band of frequencies at
the boundaries of which
sensitivity drops to 50%
of that at the resonance
frequency

Internal noise level,
that is, output voltage
with shorted radio
receiver input terminals.
Determined by the class
of radio receiver and
specified by the manufac-
turer

Transmission line travel-
ing wave ratio (KBV) Kg s

JMeasured with a standard

Checked with the aid of
an oscillograph

Radio Receivers

standard signal generator,
output meter and audio fir~
quency generator at three
frequencies in each sub-
band -- a mid, an upper
and lower frequency. The
upper and lower frequen
should be located 107% f
the edge of the sub~band.

During measurement the
noise limiter and AGC cir-—
cuits are disconnected.
The intermediate and low
frequency passband contmwls
are set to the narrowest
passband, while the low-
frequency gain control is
set for maximum gain.

signal generator and out-
put meter

Antenna-Transmission Line

Measured with a type INF-1

Measured with the aid of aIMaximum allowahble

romd

Distortions shodd
not exceed 15%.
The telegraph
signal waveform
should be cor-
rect, with a
steep and unifom
(without discon-
tinuities) lead-
ing and trailing
edge

worsening of sen
gitivity during

receiver opera-

tion is 207

Deviation from
standard speci-
fied by manu~-

facturer should
not exceed 10%

Equipment

Traveling-wave

Signal quality
is checked with
the ald of an
oscillograph
whe:. preparing
monitoring

data

Sensitivity is
Fchecked once a
year, as well
as whenever

one can aural-
ly detect a
decrease in the
received signal
level and an in-
crease in the
recelver noise
level

The passband
check is per-
formed once a
year

Internal noise
level is checked
once a month, as
well as whenever
there occurs a
noise level in-
crease apparent
to the ear

measuring loop

characterizing its operat-
ing conditions, is
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ratio should bLe:
not less than
0.65 for standard

Traveling~wave
ratio is checked
during initial
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1

3

4

determined as the rado

of voltage Ey at the
node to voltage En at
the loop:

E
=
X6“g,

Antenna-transmission

easurement of

round station an-

p.3 for broadband an-

transmitter tuning

enna  (permanent o operating fre-
ite); not less than Jquency and each

time following an-

fennas tenna or trans-

oefficient of asym-

line system coefficientjpotential Vq and Vy fetry should not ex~

of asymmetry g,
characterizing its

is performed by
a type INF-1

geometric symmetry, is|measuring loop

determined with form

b V1=V
L A VAR

where Vy -- potential
of one transmission
line conductor at
loop, B; Vy ~- poten-
tial of other trans-

mission line conductor

at same section, V

Antenna-transmission

Resistance is mea-

line system insulation|sured at transmis-
resistance is measured|sion line input

relative to transmitter

connection points

eed: 10% for trans-—
itting antennas; 5%
for receiving antenna

esistance should
atisfy the following
inequalities: in dry
1000
R>"—“‘°+50'v

in damp weather:

. 100

R> ""0__‘_50 ’
vhere R -- antenna-
transmission line sys-
tem insulation
resistance, ohms;
1p ~- length of trans-
mission line, m

ssion line main-
enance

oefficient of
symmetry 1is
hecked following
ntenna maintenance

Checked twice a
year (spring and
fall), and after

eather: Fvery thunderstorm

National standards have been established for the most important radio communica-
tions and RTO equipment parameters affecting their electromagnetic compatibility

during combined operation.

transmitter frequency deviations (Table 8.4), frequency bandwidth
classes of emissions (Table 8,5), and spurious emissions power for transmitters
of all categories and functions (Table 8.6).
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for various
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National Standards for Allowable Frequency Deviations for Radio

Transmitters of All Categories and Functions [17]

Table 8.4.
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Table 8.4 (cont'd)
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Table 8.4 (cont'd)
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Key to Table 8.4 on preceding pages:
1. Transmitter categories 18. Land mobile statioms
2. Allowable frequency devia- 19, Radio-localization statioms
tions (in millionth frac- 20, With quartz stabilization
tions of frequency (N x 10-6) 21, Without quartz stabilization
or in Hertz) 22. Radio broadcasting stations
3. Frequency band (including 23, (other than television)
upper and excluding lower 24, (television, audio and video)
boundary) ’ 25. Radio broadcasting stations
4., Fixed stations operating in frequency
5. Land stations synchronization mode
6. Shore stations 'y -~ kHz
7. Permanent-site air traffic My -- MHz
control stations 8 nonoce -~ in band
8. Base stations MOWHOCTLI0 =~ power
9, Mobile stations BT -~ watts
10, Marine shipboard stations 6onee -- more than
11. With class Al emission v megHee -~ and less than
12. With emission of other [0 -- up to
classes (other than Al) BHE -- outside
13. Shipboard stations and
rescue service stations Notes: 1. In column I -- allowable
14, Rescue service stations frequency deviations for oper-
15. Shipboard emergency trans-— ating radio transmitters and
mitters (transceivers) radio transmitters going into
16, Aircraft stations operation prior to 1 January 1985
17. Crash locater beacon 2. In column II -- allowable
frequency deviatioas for radio
transmitters going into operation
after 1 January 1985 and radio
transmitters modernization of
which began after 1 January 1976
Table 8.5. Occupied Frequency Bandwidth Standards [18]
Type of Radio Communica{ Formula for Cal-|Examples of Calculation of [Allowable
tions and Designation off culating Requi- |Requisite Frequency Band-~ [Out-of-
Emissions Class site Frequency 3 width Band Emis-
' “andwidth Modulation Param-] Requisie|sion 8/2
1 2 eters 4 Frequendfor figur-
_ cy Band+ ing oc~-
width, cupled
Hz frequen-
5 cy band-
with, %
Amplitude Modulation
Continuous—-wave tele- |By=kB B=20 Baud 100 0.5
graphy, Al k=5 -~ for radio
communication
links subject to
158
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_Table 8.5 (cont'd)

§ &

3
1 2 7 S 6
tfading; k=3 -~ ron B=20 Baud 60 0.5
- radio communication
links without
fading
Audio frequency tele- By=2Fy+5B Fy=900 Hz 1900 0.5
graphy, A2 B=20 Baud
Audio frequency tele- By=5B B=20 Baud 100 0.5
graphy, single sideband,
suppressed carrier, A2J
Audio frequency tele- By=Fy+5B Fy=650 Hz 850 0.5
graphy, single sideband, I B=40 Baud
full carrier, A2H
Radio broadcasting, By=2Fp Fp=10 Hz 20,000 0.12
double sideband, A3
Radio broadcasting, By=Fp Fp=6 kHz 6000 0.5
single sideband, at-~
tenuated carrier, A3A
Telephony, single side- By=Fg Fp=2700 Hz 2700 0.5
band, reduced carrier,
A3A
Radio broadcasting or Radio broadcastingL Fp=6 kHz 12,000 0.5
telephony in two in- in two independent
dependent frequency frequency bands,
bands, reduced or sup- By=2Fp.
pressed carrier, A3B Telephony in two Fp=3.4 kHz 6800 0.5
. independent fre-
quency bands,
By=2Fg.
Telephony in four Fp=3 kHz 12,000 0.5
independent fre-
quency bands,
- By=4Fp
Telephony, single side- By=Fp Fp=2.7 kHz 2700 0.5
- band, full carrier, A3H
Telephony, single side~ HB}I:FB'FB Fg=2.7 kHz - 2350 0.5
band, suppressed car- . Fy=0.35 kHz
rier, AjJ
Telephony, double side- T!H=2FB Fg=3400 Hz 6800 0,5
band, A3
Facsimile transmission By=2F+3Fp Fp=1.9 kHz 5400 0.5
with subcarrier frequency Drum diameter
carrier modulation, 70 mm five lines
double sideband, A4 per mm
n=60 rpm
N=1100 Hz
FB"’.SSO Hz
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3
6
1 2 4 5
Facsimile transmission BH=Fn+l'5FB n=120 rpm 3550 0.5
with subcarrier frequen-| N=220 Hz
cy carrier modulation, Fp=1100 Hz
single sideband, at-
tenuated carrier, A4A
Television -- video and | Frequency band Number of lines—~¢ 8 x 106 -
audio transmission, ASC | regulated by GOST | 625. Total videg
and F3 7845-72, "Black- |signal bandwidth
and-white televi- |7.625 MHz; audio
sion. Principal |FM bandwidth, in+
parameters of cluding guard-
television broad- |band, 0.375 MHz
casting system"
Mcltichannel audio fre- | By=Fp, Fp —- upper|Fp=3.4 kHz 3400 0.5
quency telegraphy, frequency of
single sideband, at- single~band
tenuated carrier, A7A channel
Mul tichannel audio fre- |By=Fg-Fy; Fg and [Fy=0.3 kHz 3100 0.5
quency telegraph, single|Fy ~- upper and Fp=3.4 kiz
sideband, suppressed lower single-band '
carrier, A7J channel frequency
respectively
Complex emission in two By=2Fy; Fp -- Fp=3.4 kHz 6800 0.5
independent sidebands, upper frequency of
suppressed or attenuated single-band
carrier A9B (one side- |channel
band -- telephony, the
other == multichannel
audlo frequency tele-
graphy) \
\\W Modulation \
Telegraphy, F1 Fixed-location and|By=2.6D+0.55B B=200:;:} 1410 0.5
mobile service for 1.58m5.5 D=500 Hz
transmitters. m=5,0
A? scraft trans- BH=2.1D+1.9B B=50 Baud| 515 0.5
mi ters for 5.54m<20 D=200 Hz
. m=8.0
Radio broadcasting, F3 (monophonic By=2D+2Fg Fp=3.% .8-103 0.5
channel) "
Telephony, F3 By=2.4D+2Fp Fg=3.4 kigB0.8-103}0.5
(BH=3‘4D’+2FB) D=10 kHz
D'=7,07
Facsimile transmission Transmission of BH=(2m+l'7)FB n=120 vpm P880 0.5
with frequency modula- |half-tone and for =2200 Hz
tion of carrier and color image 0.14¢m<0.77 FB=1100 Hz]
photosignal in pulse N=500 llz
form, 4 m=0,45
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Table 8,5 (cont'd)

1 2 3
4 5 6
- By=(2m+2,46)Fp n=120 rpm 5700 0,5
for Fp=1100 Hz
0.77¢mel. 7 D=1500 Hz
m=1,36
By=(2m+3)Fg n=60 rpm 4650
for N=1100 Hz
1.7¢m<2.75 Fg=1500 Hz
D=1500 Hz
m=2,75
- . fransmission By=2Fp n=120 rpm 2200 0.5
pf black-and- for Fg=1100 Hz '
hite facsimile] 0.145m<0.77 D=500 Hz
(text) image m=0,43
By=4Fp n=120 rpm 4400 0.5
for Fp=1100 Hz
0.77sm<1.7 D=1500 Hz
m=1, 36
BH=8FB n=60 rpm 4400 0.5
for Fp=550 Hz
1.7emg3.14 D=1500 Hz
m=2,75
Two-channellSynchronized |By=2.2D+2B Separation be- 3700 0.5
telegraphy {channels tween adjacent
(four~fre- instantaneous
quency), F6 frequencies
: 1000 Hz
. D=1500 Hz
Unsynchronized] By=2, 2D+4. 5B B=200 Baud 4200 0.5
channels
. Symbols:
By —- requisite bandwidth, Hz; B -- telegraphy rate, Baud; Fy ~- keying frequency,
Hz; Fp -- maximum modulation frequency, Hz; Fy -- minimum modulation frequency,
Hz; Far -— subcarrier frequency, Hz; D -~ maximum frequency deviation, Hzj; k --
numerical coefficient, which changes during emission and which is dependent on
allowable signal distortion; D' -- maximum deviation, established by the root-
mean-square value of sine wave wsignal, Hz; m -- frequency modulation subscript;

n -— rate ol phototelegraphy, rpm; N -- maximum possible number of black and
white pleture elements transmitted per second, Hz.

(see Tollowing page for Tabic 8.6).
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Tabie 8.6. Spurious Emissions Output Power Standard* [19]
1 Radld 2 Standards for Trans{Standards for Newly- Standards for Transmitters
Trans— mitters Installed [Installed Transmitters|Design of which Began After
mitter Prior to 1964 - (Designed Prior to 1 January 1972
Main Ratification of Cur- 4
Fre- rent Standards),
quen- Transmitters Installed
cy After 1964, and Trans-
Band mitters Design of
Which Began Prior to
1 January 1972 3
Below |40 db less than power [40 db less than the 40 db less than base emis-
30 MHz |of principal emission, jpower of transmitters |sion power for fransmitters
but not more than 200 |at base frequencies, |with a power at base fre-
i up to 500 watts,- ** |quencies up to 500 watts.
Not more than 50 mw Not more than 50 mw for
for transmitters with }transmitters with a power
a power at base fre— |at base frequencies of more
quencies of more than |than 500 watts.2, 3
500 watts (up to 50
kw) . 2
60 db less than fun-
damental emission
power for transmitters
with a power of more
than 50 kw at the base
frequency
30-235 |40 db less than power }40 db less than power 40 db less than power of
MHz of fundamental emis- |of fundamental emis- Jfundamental emissions, but
sion for transmitters |sion but not more than|not more than25 microwatts
with a power at base |25 microwatts for for transmitters with a power
frequencies of 25 transmitters with a on base frequencies of 25
watts and less. power at base fre- watts and less.
quencies of 25 watts
and less.
60 db less than power |60 db lecs than power 160 db less than power of
of fundamental emis~ |of [undamental emis- |fundamental emission for
sion, but not more sion for transmitters |transmitters with a power
than 10 mw for trans |with a power on base Jat base frequencies of be-
mitters with a powcr [frequency of between [tween 25 watts and 1 kilo-
at base frequencies 25 watts and one kilo-lwatt,
of more than 25 watic |watt.
Not more than 1 mw Not more than 1 mw for trans-
for transmitters with [mitters with a power at base
a power at base fre- |frequencies of more than 1
quencies of more than |kilowatt
1 kilowatt
235~ - - 60 ‘db less than power of fun-
960 damental emission for trans-
MHz mitters with a power at base
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Table 8.6 (cont'd)

1 2 3 4

Not more than 20 mw for
transmitters with a power
H at base freguencies of more

than 20 kw.
- 235- - - Not more than 25 microwatts
470 MHz for transmitters with a power

. at base frequencies of 25
watts or less.
470~ - - : In transmitters with a power
690 MHz at base frequencies of 25
watts or less, steps should
be taken to achieve maximum
reduction in level of
- spurious emissions
* These standards do not apply to transmitters
installed at rescue stations, to emergency (backup) arborne and marine trans-—
mitters, and to transmitters inctalled at radio-localization stations.
*% For explanations to superscripts 1-6, see below.

Radio transmitter spurious emission or radiation is defined as radiation at fre-
quencies outside the frequency bands authorized for transmission of useful in-
formation, the level of which can be reduced without detriment to emitted useful
information signals. Spurious radiation includes the following:

emissions at harmonic frequencies -- emissions at frequencies which are
multiples of the assigned frequencies;

parasitic radiation -- emissions randomly generated at frequencies in-
- dependent of the base frequencies and at frequencies occurring in the course

of formation of the base frequencies;

intermodulation components, which include émissions at frequencies
arising as a consequence of intermodulation between two or more fundamental or
harmonic radio transmitter emission frequencies.
Spurious radiation power is defined as power applied to an antenna or antenna
equivalent when under the given cond’tions the transmitter is putting out rated
power at the base frequency. :
Explanations to Table 8.6:

1) A 30 db reduction in spurious radiation power is allowable for

portable transmitters with a power of less than 5 watts in view of the dif-
ficulty of obtaining a 40 db suppression,
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2) For mobile transmitters any spurious radiation should be 40 db less
than the power of fundamental emission but should not exceed 200 mw when it 1s
difficult for practical purposes to reduce power to 50 mw.

3) For transmitters with an average power output of greater than 50 kw,
{t Is not mandatory to reduce spurious radiation to 50 mw in the frequency range
of approximately an octave or higher, It is essential, however, to ensure minimum
attenuation of 60 db and to seek to ensure that a maximum of 50 mw is not exceeded.

4) For marine mobile service FM radiotelephone equipment, the average power
of any spurious radiation caused by modulation products and entering any other
international marine mobile service channels should not exceed 10 microwatts, and
the power of any other spurious radiation at any discrete frequency within the
international marine mobile service band should not exceed 2.5 microwatts. In
exceptional cases, when transmitters with an average power of more than 20 watts
are cmploved, theae Tlmbts can he [nereased proportional to avernge tansmitter -
power,

5) For rescue stations operating at a frequency of 243 MHz, the lowest
level of spurious radiation corresponding to equipment. of a given type should be
- achieved.

6) These standards may not provide adequate protection of radio astronomy
receiving eqipment; more severe limits may be proposed in each individual case,
taking into account the geographic location of the facilities in question,

8.4, Metrological Expert Appraisal of Communications and Radio-Radar Support
- Services Equipment

Metrological expert appraisal of communications and RIO equipment is defined as
examination of the aggregate of factors which provide effectiveness and reliabili-
ty of monitoring and inspection of their technical state, performed in the process
of design, testing, manufacture, operation and maintenance.

in military communications and RTO units metrological expert appraisal of
facilities is performed in the process of thelr operation and maintenance,
Following are the input materials for metrological expert appraisal:

operating and servicing manuvals for communications and RTO equipment to
be inspected, as well as test equipment;

technical standards d.cumentation covering all types of inspection and
testing procedures;

statistical data on results of monitoring and testing equipment parameters
during the entire period of its operation.

The following types of procedures can be included in the program of metrological
expert appraisal of communications and RTO equipment following extended opera-
tion in military units:

testing of continued effectiveness of test and monitoring equipment dur-
ing a protracted period of operation;
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verification that operating and servicing manuals for a facility as
well as test equipment are in conformity with the requirements of the mili-
tary units in question and the level of qualifications of operating and ser-

vicing personnel;
verification that standards of time parameters and periodicity of per-

formance of inspection and various test procedures are in conformity with ac-
) tual conditions of facility operations as well as test equipment,.

Table 8.7. List of Tested Parameters and Test Equipment Employed in Metro-
logical Expert Appraisal

Hcnonvayemue KOKT-
. o - HAocropepnocrs KonT-
OAbHO-HIMEPHTE]]b:
. |Homnuans. PO e cpengrnﬁo Henons: | Meero poaR (11) (12)
l’:"::"”"" ""::"’l“:' Srena N ayembie {Touks) IMpumenanns
spa- Y. - acyo-| nopxaye-| K
. l:'.::;';‘,’,:'v';': q_emmt‘u nonyckh ol o :rly%r;‘o:; :&rcn nzu- wns npu- (“;;(:r.(e(;nlll.v:::&
& woro naps- | AONYEKM ’“"““;" kotopbix | Tun. Tlo- | pyanason | coemunn- | Gopa K . KOMMJICKCe
3 uetpa no TY | uMoHRORA | yonrponu.| rpewnocTh! rexuyyec- |TenbHbE M| npopepre- £ e | % ] naxomnren
el bry, |RoKyuen- | pyerce (knace) | gux gan- | mepexox- |Momy 6ao-l o | =1 = 5 lapuGop u npy-
en uom. | T3UHH 85 | napamerp Inpubops o “yux w | Hwe | Ry. Tan| “[® | EE | EE |'rye coegenua)
3 e, HIM. en. HIM. | pewumon [YeTpoicysal GJoxa 1 oo Co
F] npnbopa | - . 3 :"E ff
1 2 3 4 5 6 7 X 3 9 10 11 12 13
N
. .
1
Key:
1. Serial number 6. Type. Instrument error (class)
2. Designation of tested €, unit of measurement
parameter 7. Employed range of technical
- 3. Rated values and tcler— data and instrument modes
ances according to 8. Employed matching, connecting
technical specifications: and adapting devices
§7y, units of measurement 9. Place (point) where instrument
4. Rated values and tcler- is connected to unit being
ances {n operating and tested. Type of unlt
servieing manuals: 64, 10. Employed test equipment
units of measurcment 11. Test reliability
5. Stages of operation or 12, Comments (instrument testin
g
servicing at which param- set and other data)

eter is tested
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A list of tested parameters and test equipment employed in servicing and
maintenance is prepared using the form contained in Table 8.7. In filling in
this table, one should be guided by the following:

colum 2 indicates the parameters which are tested at all stages of
preparation and servicing, including in-flight monitoring or testing (with
built-in monitoring-test systems); rated values of tested parameters and
tolerances (column 3) are taken from the techniﬁ91 specifications for the
equipment and are recorded both for gstandard (6Ty) and for specific climatic
conditions_(&#i);

rated parameter values and tolerances (column 4) are taken from current
operating and servicing manuals, recording test tolerance 63y and preventive
maintenance tolerance d37;

testing of parameters by stages of operation is recorded in columm 5;
the following stages are covered: in flight, preflight, during preliminary
preparation, and all types of servicing and maintenance procedures;

columns 6-9 indicate types of employed test equipment, equipment error
(according to utilized characteristic or mode), segment of utilized portion of
scale (for pointer-type ingtruments) or ranges of utilized characteristics and
operating modes of multiple-function instruments of the matching, connecting
and adapter type device employed in testing, as well as .data on point where
test instrument is connected;

columns 10-12 contain parameter testing instrument accuracy figures
(probability of undetected malfunction Pyp and probability of false mal-
function Py on testing, as well as relative measurement error tolerance
value ng).

The method of calculating test instrument reliability consists in the following:

1. Initial data are determined (values of one half tolerance zone value dy and
one half the value of practically maximum measurement error dispersion field € );
they are taken from columns 4 and 6 in Table 8.7. Calculation reduces to
determination of minimum and maximum values of probabilities Pyg, Pmp and %4 .

2. TIf the laws of distribution of functions f(x) and ¢ (T) are unknown,
all other conditions heing equal, in determining measured parameter Xx and
measurement error € by normal patterns, value Pyg and Py will be minimum,
while value Ppj and Pgg will be maximum with distribution by the laws of
equal probability, Thi~ applies to the majority of laws of distribution of
x and T which occur in nractice.

3. The sequence of calculation is as follows:

relative allowable measurement error value 7, o is determined and
entered in column 10 of Table 8.7; 2R,
the values of probabilities Ppo miw Prio maw are determined by the

graph in Figure 8,1, and they are also entered in columns 11 and 12 of Table 8.7;
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the values of probabilities Ptomine PHO max! are determined by
the graph in Figure 8,2, and they are also entered in columns 11 and 12 of
Table 8.7,

The graphs In figures 8.1 and 8.2 are plotted for the case of dispersion of
tested parameter x through tolerance zone 2§, when the probability that the
value of parameter x falls outside the tolerance zone ig P=0.05, If the dis-
tribution of parameter x and measurement error 1T differ from normal and
equal probability, the true values of probabilities P and Pyg will fall
within the bounds of minimum and maximum values calculated with this method.
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Chapter 9. RELIABILITY OF COMMUNICATIONS AND RADIO-
RADAR SUPPORT SERVICES EQUIPMENT

9.1. Quantitative Characteristics of Reliabiiity

Reliability is defined as the capability of an item to perform specified
functions, retaining its operating indices within specified limits during

the course of a required period of time or required number of hours of opera-
tion. The reliability of an item is determined by the degree to which it is
"trouble-free," its "repairability," "shelf life," as well as the "longevity"
of its components,.*

It follows from this that reliability is an internal property of equipment,
invested in it in the process of design and manufacture and realized in the
process of operation,

The above definition of reliability applies in full measure both to radio
equipment and to its component parts —- systems, devices, units, subunits,
assemblies, and components, A radio equipment component is defined as a part
of a device (system, unit, etc) which performs specific functions but which
does mot have a independent operational function (for example, a capacitor,
resistor, functional assembly). Components in equipment may be joined in
series, in parallel, and mixed. ‘

When components are connected in series, the failure of any one component
causes failure of the entire device as a whole., When components are con-
nected in parallel, failure of the device occurs following failure of the
‘principal and backup components., A mixed arrangement is characterized by a
combination of the properties of series and parallel connections.

We distinguish between sudden and gradual (deterioration) failures by the
character ot change of radin equipment (component) parameter prior to the
moment a malfunction occurs A sudden failure is caused by a sudden change
in the value of one or seve -al basic radio equipment (component) parameters.
In most cases such a change is caused by latent defects in materials and

* The terms in parentheses .re defined in Table 9.1,
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with failures of this type makes it totally unfit for further utilization,

By character of manifestation, such a failure leads to loss of radio equip~-
ment capability until such time as it is corrected, that is, it is a terminal

- failure.
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The electrical or mechanical damage to a component which occurs

In contrast to the above, in practice one also encounters inter-

mittent sudden failures, whereby radio equipment operation is periodically
restored.

Gradual failure occurs as a consequence of gradual change in the values of
one or several operating parameters of radio equipment (component).
failures occur under the influence of the following factors: change in am-

bient temperature, humidity, supply voltages, as well as with the passage of
time (aging of components),

These

A number of terms are employed in reliability theory, terms which are defined

by GOST 13377-67.

Table 9.1 contains a list with definitions of the prin-
cipal reliability terms, the indices which express them, and analytical ex-
pressions for calculating these indices.

Table 9.1. Terms and Quantitative Indices of Reliability
1 Term §Definition]Indices and Their DefinidAnalytical jCharacteristic of | Comments
as According Jtion Expression [Quantities in
Spec~{to GOST of Indices jAnalytical Rela- 6
{f1ed]13377-67 3 tion of Index
ln 4 5
GOST 2
133774
67
Raboto-|State of JCoefficient of technical teymm —- total In the general
spo~ f{an item utilization Ky is ex- hours logged; case total
sob~ Jwhereby pressed by the ratio of tpem — total forced down
nost' fit is cap-{total time of system ‘ﬁ_ hours down for time includes
TEf- Jable of (equipment) serviceable 4; repair; todey, —— |time spent on
fi- |perform~ Joperation to total time 5.? total hours off [locating and
cien-|ing spec- |of operation ard forced "+; line for ser- correcting
cy, ified down time within a g vicing.* malfunctions,
cab- |[functions |single calender period. K tuning and ad-
abil- |with It indicates the per- [ justing equip~
ity |parameters]centage of t.tal operat- vy hment, down
to estab] ished fing time and shutdown time due to
oper~-|by ser- time equipment 1is in lack of re-
ate] Jvice data |good working order, placement com=-
require- |ready for practical util4 ponents, and
ments ization. time spent on
Coefficient of down time servicing and
Kn expresses the rela- maintenance
tionship between total procedures,
forced down time and
total time of good oper- * Here and elsewhere in
ation and forced down this table time values and

time during the same

period of ope—ation 1

analytical expression will

20 be stated in hours.
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1

2

5

6

Neisprav-
nost'
[Mal func-
tion’
fault]

State of an

Titem whereby

it fails to
meet at least
one of the
requirements
gpecified in
the operatin
and servicin
manuals

%

Coefficient of effective]
ness of preventive main-
tenance K 54 is
characterized by the
ratio of the number of
faults discovered dur-
ing preventive mainte-
nance procedures to the
number of failures oc-
curring during operation
and to the number of
faults discovered during]
preventive maintenance

-~ coef-
ficient of
technical
utilization

n' —- number
of faults
discovered
during
preventive
maintenance
procedures;
n'' — num-
ber of
failures oc
curring dur{
ing equip-
ment opera-
tion
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If total
down time
includes
only time
spent on
perform-

ing preven-
tive main-
tenance .
procedures,
the down
time coef~
ficient
character—-
izes rela-
tive time
expenditures
on preventive
maintenance,
In this case
it is called
preventive
maintenance
coefficient
or standard
We should
distinguish
between
faults
which do not
lead to
fallures and

{faults (and

their com~
binations)
which cause
failures.
The better
elaborated
the system
of preven-
tive main-
tenance
procedures,
the higher
the K on
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Table 9.1 (cont'd)

1 2 3 4 5 6
Narabotka |The duration |Operating time to failure n Tp -~ totdlThe greater
[logged or volume of | T is characterized by T Z't equipment [the quantity
operating Jwork per- the average number of 1‘...—ng-= =l loperating [of statisti-
hours] formed by a |]equipment operating " time durirgcal data

piece of hours between two a specifiedutilized in

equipment, successive failures where calendar calculation,

measured in |during a specified T,=t+tht . |period; .|the greater
n

hours, kilo- | period of operating piy= a the accura-
meters, hec- § time, We distinguish vE ST I Yy -- sufey of deter-
tares, cycles,| the followins variants For the perod} ! mination of
cubic meters,] of this indicator in |from moment |of operat- time to

or other umts|relation to period of |t; to moment |ing time |failure (T)
operation: "sutcchnayajin time t2, intervals
(mesyachnaya) narobot-]operating timelbetween
ka" [Daily (monthly) |[to failure successive
hours logged], '"na- can be deter-}failures;
robotka do pervogo mined with ty - in-
otkaza" [hours to first] the followinglerval of
failure], "narobotka | approximate |good oper-
mezhdu otkazami" [hourd equation: ation be-
logged between faﬂme‘-ui] tween @G-1)

etc. T’: and 1 eqip-
PR oo
p———————— u .
T =Tl f - monber
fhere of failure;
gl during
elz calendar
2030 eriod;
i i (t) —
< umber of
. failures of
E ach item
p to
perating
ime t;
—~ numbey
f items
Otkaz An event cond Th. p -obability of a) For a sys— [Pca.r (t) -{With very
[failure] [sisting imn failure Q(t) of a sysd{tem Q(t)=1- probability] small prob-
- |breakdown of | tem {component) P cucr (t)=1- of system abilities of
capability to| characterizes the P; () x Pap(th.ffailure- |component
operate probability that PN(t) or Q(t)=|free opera failures, the

failure will occur 1-[1-q3(t)] x |tdion; P; ), probability
during a specified [1-q9(t)1...[=lpo(t), ...]of system

time interval, that qN(t)] PN(t) - failure dur-
is, time of good oper{In a particularlprobabili- ing a brief

ation of a system (comd case where ties of period of
ponent) will be less reliability of
than prescribed system
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FOR (
Table 9.1 (cont'd)
-

1 2 3 4 5 6
components 1is]system comftime is
identical: ponent approx-

Q(t)=1—[l—q(t)]N. b) For failure- imately
element q(t)=1-P(t)=P 5tucn ét} free operadequal to
: P tion; the sum of
Q(t) - probabili-
probability of system failure; q(t) —- ties of
probabilities of failure of system compo- failures
nents; N -- number of system components; of system
t werp —— component good operating time; components
t -- designated component operating time Euring that
ame period
of time, that is,
N .
Qe zlz’q, ®.
|With identical reliability of componments Q(t) xNq(t)
Bezotkaz— |Property of |Following can serve as 4 f;
nost' a piece of equip-|trouble~-free operation
[trouble- jment to main-|indices: "probability
free tain its of trouble-free opera-
operation]joperating tion," "intensity of
capability failures" (the defini-
during a cer-|tions and analytical
tain number |expressions for these
of operating |are given below in the
hours without|terms "probability of
forced inter-|failure-free operation’”
ruptions of |[and "intensity of
service failures")
Dolgo- The property |The service life of an
vechnost' |of a piece item 1is characterized
[longevi- jof cquipment |by the time calculated
ty, dur- Jto maintain |from initiation of
ability] :its operatingloperation of the item

capability to
a maximum
state with
requisite
interruptions
for servicing
and mainte-
nance

to the point it reaches
a "limiting state.”
The latter is deter-
mined by the impos-
sibility of further
operation of the item
due to diminished ef-
ficiency or failure to
meet safety require-

able period of equipment

which it retains rated specifications.
prictice service life is characterized by
average, that is, average service life (tcp)

ments.

Service life -- allcw-
operation during

In
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type; tcp —— average
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service life of each
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1 2 3 4 5 6
emonto- Property of {Probability of restora 4 Ty -~ averagfin many
prigodnost'}an ftem con-ftion V(T) is character ,’L '“_ {tem restora-fcascs rcpalr-
[correct- |sisting in jized by the probabili- ; __[ tiop time; Jability also
ability, its adapted-|ty that equipment will o =5, ~ in-jcharacter-
repairc- ness to be restored within a 'S tens®ty of Jizes
ability] prevention, lspe~ified time 4 fol- i lo restoration; javerage

detection lowing failure and IO l T -- pre- cost of
and correc~ junder specified con- > 1 scribed item |servicing
tion of ditions of repair. restoration fand main-
failures andfAverage equipment i time; n -~ [tenance
malfunctions |restoration time Tp ;_:‘1‘ number of
by perform- jexprcsses the mathemat m fallures In
ance of mer-}ical expectation of a a specified
vicing and j}random quantity -- p=— period of
maintenance restoration time., In- 2,‘ equipment
procedures |tensiveness of restor- =1 operation;
ation M 1is character- il
ized by number of ‘g‘ti ~= sum
B restorations per unit
of time of intervals
of time ex-
pended on
detection
and correc-
-—-—d'tion of
failures during a given
period of operation;
1y - time expended on
locating and correcting
i failure
Sokhra- The proper~ JAverage shelf 1life
rLayemost' Jty of an {itemjis the period during
{shelf to retain which an item retains
life] specified rated operating in-
operating dices (corresponding
indices dur-{to the guaranteed
- ing and valr s of indices in
after the the 1 :chnical documen-
period ef tation)
storage and
transport
specified
in the
equipment's
technical
data
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Table 9.1 (cont'd)

1 2 3 G 5 16
Resurs Equipment operation JThe following indices are f
[service to the limiting statelemployed in practice: "ser- %
1ife] apecified in the vice 1life to first repair," E

technical documenta~-§'scrvice life between repairg i
tion and "designated service life. F
- They are characterized by é
total time of equipment i
failure-free operation in i
frours to (or during) desig- F
nated states. Frequently ths bk
"average service life" in- :
dicator 1s also employed (se 3
the term "dolgovechnost'") ] i .
Gamma-pro— |Service 1lfe equalledfSpecified percentage of item k y == gamma '
tsentnyy and exceeded on the J(7) is a stipulated probabid r18 percent service
resurs average by a speci- Jity P(t, ). If, for example, = Jlife; P(t,.) ——
[gamma-per—~| fied percentage (¥ )7 =90%, the corresponding ﬂ\‘ probability of
cent ser- |of items of a given 3service life 1s called '"90% EF failure~free opera-

vice life]

Niznachen~
nyy resurs
[designated
service
life]

Srok sluzh-
by [calendar
service
1ife]

Srok ga-
rantii [war
ranty

- perind]

type

Period of equipment
operation upon
reaching which operas
tion should be ter-
minated regardless
of condition of the
equipment

Calendar duration of
equipment operation
up to the moment of
occurrence of a
limiting state
specifled In the
technical documenta-
tion, or until equip{
ment i< retired from
service for age,
obsolescence or
other reasons

Period during which
Fthe manufacturer
guarantees and en-
sures that equipment
performance re-—
quirements are met,
under the condition

service life"

The indicator of this is
tctal equipment operating
hours logged, obtained from
considerations of safety and
economy (indicated in tech-
nical documentation)

Indices are the following:
"'service life to first major
(medium) overhaul," "service
life between major overhauls,
"service life to retirement,’
"average service life," etc.
They are characterized by
equipment trouble-free opera-
ting time up to (or in the
period of) the specified
categories of overhaul.

The warranty period (in
months, years) is specified
in the operating and servicﬂﬁ
manuals ¢r in agreements
between manufacturer and
custoner

that the purchaser o

procedures, Including proper storage and

transport procedures.

serves proper operating
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L 2

3

Garant iy~ Jlquipment hours
naya nara-jof operation up
botka [wardto which the
rantied manufaturer
hours of guarantees and
operation] Jensures that
equipment will
meet specified
performance
standards under
the condition

=1

that the customer
observes proper
operating proce-
dures, including

Warrantied hours of
operation are speci-
fied in operating and]
servicing manuals or
in agreements between|
manufacturer and cus
tomer.

Nara
na o
[ope

to failurellbetween failures

Sredneye
vremya vos-

proper storage
and transport
procedures
Average time of
operation by a
repaired item

botka
tkaz
ration

Mean time of
forced un-

stanovleniyajscheduled down

[mean
restoration

time]

time, caused by

function

Indices are the fol-
lowing: "operation to
failure," and "mean

Operation to failure
T is determined for
the period from hourg
of operation t] to
hours of operation t3
Mean time between
failures Tgp is
characterized by the
ratio of the total
time of equipment
operation to occur-
rence of the first
failure in each piece
of equipment to their
total nrmber.

]

Mean restoration time
’p as an indicator
kxpresses the mathe-
matical expectation

finding and cor-pf a random quaatity 4
recting one mal-~frestoration time

iy —t¢

= meg(h) = mep(h)

time between faihres."jwhere

N
3 m(ty)

{om]
me(h) = N

{m]
mcp(") = N

ﬁl_“ m‘(l.l .

to-t; —— period
from hours of
operation tj

to hours of

peration t3;
i (t1), my (e
i jhumber of

ailures of
ach item of 4
ingle type to
hours of operaf
tion t] cr t3;
m%p(tl)’ mqﬂ@
nean number of
failures up to
hours of opera
kion tj or t2;
-- number of
tems of the
ame kind; ty -
time of trouble
Free operation
bf item 1

m

2“ "T total
=1 time ex-
ended on find{
ng and correct-
ng m malfunc-
jtions; m -- n
er of malfunc

kions/failures

TR ~- mean item restoration time
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Table 9.1 (consfd)

1 -2 3 4 b s 6
Koeffitsi-fProbability that }Coefficient of readi- T §T -~ time of!
yent gotovdan item will be ness K- as an indi- k;-ftr7r operation to;
nosti |co-fcapable of opera-|cator is the ratio of * fallure
efficient jtion at an ar- total time of good
of readi~ ibitrarily selected| operation of a piece
ness ] moment in time of equipment to the

during the inter-|sum of good operating
vals between per- | time and total resto-
formance of ration time taken for
scheduled ser- one and the same
vicing and main- | period of operation
- tenance
Koeffitsi-JRatio of unit operation in units of teyvmm —

yent tekh-}time for a certain period of operation
nicheskogo Jto the sum of this operating time and
ispol'zovafall down time for servicing and main-

niya tenance during the same period of
[coef ficimtfoperation

of techni-

cal utilizg

tion} K¢

Verovatwot' [Probability that equipment failure will
bezotkaznoypot occur within a glven time interval

raboty or within limits of specified operating
[probabil- hours logged

Lty of

t roub1 e—free|
operatfon]

p(t)

Ky

’cynn

‘nyuu'H peu+'u0u|

O
For a system corm
sisting of a num
ber of sequential
ly-connected com
Hponents:

P(t) = Po(t) « Pof) - - -
e Py HIRI(')
frm

total unit good
operating time;
tpem —— equipment
down time for re-
pairs; t,deq -
down time for ser-
vicing

A(t) -- intensity
of failures (its ex-
pression is given
below in the term
"{ntensity of
failures"); t —-
operating time
logged; Py (t),
Po(t), «ovy Py(r) --
probability of
trouble-free opera
tion of system com-

ponents
Intensiv- [Probability of Iatensity of failures |Statistical valuen(t) -- number of
B nost' otka4ffailure of an un-Jas an indicator is exjof intensity of lequipment items
zov | intendrepalred {tem in [pressed by the ratio #failures for timeffailed during the
sty of h unit of time of number of failed interval At is time from
fallures] Following a given |pleces of equipment determined with At At
moment in time in a unit of time to f[the formula t=3 to t+7¢
Lnder the condi~ Jthe average number of )
tion that failure [pieces of equipment '“o=‘ﬁﬁ5]7 At -~ examined time
has not occurred jwhich continue to intervalj
ip to this moment joperate correctly Ny 4N,
N(l)ﬂ—-j—i’—"" '
where N,y -- number of properly operating equipment items at

the beginning of interval At; Ny -- number of correctly operat-

ing equipment items at end of interval At
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Tahle 9.1 (cont'd)

1 2 3 4 [ 5 Ib
Srednyaya |Mean number of Mean frequency of n(t) -~ numbeQ\\
chastota failures of repaired{ failures fcp(t) as an of pieces of
otkazov piece of equipment | indicator expresses equipment
[mean fre-{per unit of time, the ratio of number of] breaking down
quency of }taken for a speci- failed pieces of f “y==ﬂﬂ during oper-
failure] fied moment in time | equipment per unit of b e ating time t;
(param- time to the number of -- number of
eter of pieces of equipment pieces of equip
flow of in operation at a ent in opera-
fallures given moment tion; t -~ oper-

ting hours

ogged by item

Reserviro- |Method of increas-
vaniye [red{ing reliability by
dundancy] |introduction of back]
up components which
are redundant in
respect to the
equipment's minimum
functional structure
lessential and :
adequate for per-
ormance of pre-
cribed functions

9.2. Redundancy in Communications and Radio-Radio Support Services Equipment

Redundancy is viewed as a means of increasing equipment reliability. It is
based on the principle of izbytochnost' [redundancy, excessiveness], that is,
redundant components (assemblies, units) are provided for operating equipment,
which are not functionally essential but are utilized only to replace counter-
part components (assemblies, units) in case of their failure. We distinguish
the following methods of redundancy: redundancy by substitution, and continuous
redundancy. With the former method, 1f a component fails the equipment is
switched to the backup element, while with the latter method redundant com-
ponents are connected to the principal elements during the entire time of equip-
ment operation and are und:r identical operating conditions.

Wwith redundancy by substitution one employs switches, to discomnect a malfunc-
tioning component and to connect a backup component; this replacement process
can be either automatic or manual.

With continuous redundancy equipment circuitry is not retuned when components
fail, and the failed component is not disconnected, Redundancy is continuously

connected in, which ensures uninterrupted equipment operation,

These redundancy methods can be implemented by employing common, separate or
mixed connection of redundant components.
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Common redundancy consists in redundancy of the entire equipment as a whole.
We differentiate independent and non-independent switch-in of redundant equip-
ment. In the case of independent in-switching, the redundant equipment has
its own input and output, as well as independent power supplies.

Separate redundancy specifies replacement of large assemblies and units as
well as separate components,

With mixed redundancy, both individual equipment devices and certain primary
components are redundant,

We differentiate the following types of redundancy according to the conditions
of operation of backup components up to the moment they are switched in: hot
(under load), warm (light-load), and cold (no-load).

In hot backup, redundant components are under identical operating conditions
with the equipment's principal components; service life of backup components
is being expended from the moment the equipment is switched on. This offers
the greatest probability of equipment failure-~free operation, with probability
independent of what moment in time the redundant components are put on line.

With warm backup the external conditions affecting the equipment up to the
moment it comes on line are eased. In this case backup component service life
begins to be expended from the moment the entire equipment is switched on,

but intensity of service life expenditure is considerably less than under
normal operating conditions up to that moment when it comes on line to replace
a failed component.

On cold standby backup components begin to expend their service life only at
the moment they come on line to replace failed components.

Light-load or no-load standby with fractional frequency is called sliding
standby, *

Tables 9.2, 9.3, and 9.4 present the substance of redundancy by the methods
of substitution, continuous standby, and restorable redundancy respective-
ly.

* The number of backup equipment items standing in reserve for a given principal
equipment Item determines the multiplicity of redundancy. If a group consisting
of n components is designated for backing up m operating equipment components
of the same type, and each of the standby components can take the place of any

- operating component (if the latter fails), this type of redundancy is desig~
nated with fractional frequency n/m.
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Redundancy by Substitution

USE ONLY

Principle of Lquip~

Probability of Failure-

Probability of

Optimal Num-

nfluence of

ment Redundancy Free Operation With Hot]Failure-Free [ber of Re- haracter of
Standby Operation With jdundancy ailures of
Warm and Cold [Sections witching
Standby ’ evices on
robablity
f Failure-
ree Opera-
tion of Re-
[dundant
! 2 3 4 System
Redundancy by Sub- |In general form: With redundan- JMaximum Switch
stitution is P =P P.P cy by substi- Jequipment failures are
characterized by ® Mpx " B " Taux’ tution, stand- jreliability subdivided
the capability to Jwhere Py -- probabil- by components [is achieved }into dynamic
utilize warm and ity of fallure-free may be on when equip- and static.
cold standby with operation of any cir- |light load ment is Dynamic
mandatory employ- cuit;Pn“.P (warm) or even|divided in- |failures oc-

ment of switching
devices. The

practical expedien-

cy of employment
of this method of
redundancy is
determined by the
reliability of
switching devices.
The latter can be
incorporated at the

input and output of
each unit (main and

backup) or at the

jinput and output of

a group of units
(common switching
devices are em-—
ployed). Switches
are controlled by
special control
devices. Figure
9.1 contains a
diagram of redun-

dancy with separate

switching devices,
and Figure 9.2 --

with common switch-

ing devices

Moux -
probabilities of
fallure~free opera-
tion of input and out-
put switches; P
probability of
failure-free operation
of the main or any one
of the backup units.
Probability of failure
free operation of a
redundant assembly
P,(t), consisting of
one operating and m

assembly with separate
switching devices, is
equal to

"PH[PB() !

where Py

tion of the components
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backup circuits, for an

m41
P)=1= T [1=Pp (X for these con-
tat |, o ditions, prob-
. ; ability of
X l“"“sﬂ:#”]' failure-free

For an arcangement with
common switching devices

m
PV(’) = Pnn anx ! _‘Eo.(l -

-- probabili
ty of failure-free opera-

no-load (cold)
up to the
moment they
are put on
line, This
can be done
only in those
cases when
equipment oper
ating condi-
tions permit
operation in-
terruptions
requisite for
switching over
from the main
to the back-
up component.,

operation of
redundant
equipment (cond
sisting of one
main and m
backup compo-
inents) will be
iequal to

!

to a certain
optimal num-
ber of
separately
redundant
units (ngnT)
with speci-
fied prob-
abilities of
switch
failure and
redundancy
multiple.

=m.—2-,

in

"Oﬂ?

where m --
redundancy
multiple;
Qo -- prob-
ability of
failure of
equipment
without re-
dundancy;

q. =~ prob-
ability of
switch
failure.

of redundant
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cur when it
is neces-
sary to
switch in

a stand~by
unit or take
off line a
failed main
unit.,

Static
failures oc-
cur in the
absence of
switching
necessity

and consti-
tute spon-
taneous
switching.
Probability
of failure-
free opera-
tion of an
equipment
assembly taking
into account
the nature of
switching
device fallures

With a number

is equal to
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1 2 3 4 5

of input and output Pyl g™ [l+ sections P,= PyPsPs, +
switches, failure of ) equal to n Y
which aff,:'ects only the +”+%‘—l)-+-"+ pgobabilit‘;n'p +Ps (ll’f:‘)?-}r
circuit of i unit; ™ of equip~ + Py ( 5) %!
Pn . -- probability of +”7ﬁ_]' ment (sys-
failure-free operation } where A -- in-ltem) railure iwhere P, -—
of 1 unit. tensity of is minimum., |probability
If individual redundant] failures of Figure 9.3 of failure-
n assemblies in a sys- | main and back-}shows the free switch
tem are identical and | up components. Jdependence operation;

“J connected in series, prob- With cold and fof minimum Pp, Pg -

. ability of failure-free} warm redundan- jprobability probabiii-

! operation is equal to: Jcy, a substan-jof redundant |ties of
a) for an arvangement Jtial gain in |system fallure ) failure-

with separate switching) probability of

devices

b) for an arrangement

failure-free

Qm'l.n on un-
redundant sys

free opera-
~tion of main

P =l 1—[1—Po(hx foPeration is jtem failure fand stand-
P PY(‘)P j m+l,},, n® achleved. Thisiprobability by units;
X Ps(t] ; gain increases |Q, with dif- loj -~
with an increase)ferent probability

with common switchin in the redun- fvalues of that a switch
devi & dancy multiple Jswitch failire|either will
evices iq

. and time of probabili- not fail or
Pe=Ph . PR mx{["‘["" failure-free [ties Gy - its failure

Pn PBlm-]-l}n

operation

Figure 9.1,

the fact that the backup unit will not come on line in place of the main
probability that a switch either will not fail or its failure will be expressed in
spontancous coming on line of a backup unit in place of the main unit.

M "suxm

Myx, Mpxgs v+ Myim

Unit redundancy is not advisable when this in2:quality is not observed

will be ex-
pressed 1in
unit; ap --

If

P‘n PB,” P, then Py_ PnP[2a+(l —
a = age=q, —2a)].
FExpediency of backing up e} given equipment unit is determined from the following
fnequality: : 2 —
P<__Tn
22—

Diagram of Redundant Assembly With Separate Switching Devices: b --
main unit; by, ..., By -- backup units;

~- 1nput switches of
main and backup units; [lgyy, Mesx,. -

—- output switches of main and
backup units; Yp, Yy, ..., ¥y -- ad;]oin:llneg1 unit switch contrel devices
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Mlax
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®

Y

Figure 9.2 Diagram of Redundant Assembly With Common Switching Devices:

B -~ main unit: By, B2, ..., By == backup units; Myx» Mgy =~ common input

and output switches; T, My, Mo, weey
separate units; A, [, lg, ...,
switch control device

0!

n-a.!

3/—’
ﬂﬁ;‘1am
0

”'l
- w7 /
7
m-’
v, a z 84

Mp — switch elements applying to
Om —- switch control system sensors; y --—

Figure 9.3} Dependence of Minimum Probability of Redundant System Failure

Qmin
Swltch Fallure Probability qn

Table 9.3. Redundancy by Continuous On-Line Back-Up

on Unredundant System Failure Probability Q, with different values of

Principle of Equip-] Switching edundancy by Sampling from
ment Redundancy Element Redun- ja Set
dancy
1 2 3

Calculation of 4
Reliability Param-
eters With Con-

tinuous Redundancy

With ¢his method
of redundancy,
backup components
are on line dur-
ing the entire
time of equipment
operation and are
operating under

- the same condi-

- tions as the work-
ing components.
The redundancy

Cont1:'wous re-
Hundncv of
switching ele-
ents 1s dic-
tated by the

ontinuous redundancy in
ontrol circuits comprised
f electron tubes can be

et. It consists in the
ecessity of following: the initial
reventing in- [state of a certain compo-
erruptions and jpent (unit) is determined
hort circuits
(failures); it [ty of its outputs (Figure
nsures the re-|9.4a).
uisite prob- pplied to the input of
bility of
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ffected by sampling from a

For a system in
which all components
are identical in
reliability and

each assembly in

the system con-
sists of n series-
connected com-

by the state of the majori-fponents, prob-

bility of failure-

The input signal is|free operation of

system with

hree identical devices, thefcommon redundancy
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1

2

3

arrangement is set up
in such a manner that

failure of the main
component does ngt
disrupt operation of
the equipment as a
whole. Failure in
this case can occur
only when, in addi-
tion to the main
component, the
hackup components
also fail. This
method of redun-
dancy involves pri-
marily a simple
parallel or series
connection of one
or several backup
units or components
to the main unit.
The units or com-
ponents are con-
nected in such a
manner that failed
sections do not
affect the operat-
ing capability

or efficiency of the
equipment

Flgure 9,4,

system (equipment)
actuation, which
is expressed as

m
P= NAP %

=
X (1 — Py"—",
where Ap —- number

of combinationms,
subsets, cor—
responding to a
closed path; m -~
number of contacts
in circuit layout;

n -- number of sub-

set-forming con-
tacts requisite fo
closing the clrcul
P -~ probability
that a single con-
tact is closed.

outputs of which are con-
nected to cireuit M. It
is quite obvious that
failure of any of the
units (short circuits,
open circuit) will not dis
rupt operation of the en-
tire circuit, Redundancy
of majority decision cir-
cuits can be obtained by
repeating this structure
(Figure 9.4b), Probabil-
ity of correct response of
such circuits is as fol-
laus:

S nl

P= —_—
12 B (n— &) X
hom - (nH1)
be
£ x PE(1— Pyt
ere n -~ total number of

set sample circuit inputs
(always uneven); P ——

Probability of sys{probability that one com-

tem failure Q=1-P

ponent is in good working
order, This method of
redundancy (sample from a
set) has the weakness that
the sample components
themselves must be backed
up. It is sufficiently
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effective only for protectH
ing units against gradual
and sudden failures, as
well as short-duration
malfunctions

is
Pog=1 —(1— pyym+h

where P -- prob-
ability of com—
ponent failure~
free operation,
For a system
with separate
redundancy,
probability

of failure-free
operation is

Ppn:m=
= [l = (1— P+,

where m -~ re-
dundancy
multiple. Tt
follows from
these ex-

pressions that
with an increase
in the redundan-
cy multiple sys-
tem reliability
increases. To
sum up, 1f one
eliminates the
influence of
circuit section
failures, one
can design high-
ly-reliable sys-
tems with the
aid of con-
tinuous redundancy

Diagram of Device Employing Logical Decision by the Majority
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Tahle 9.4. Reliability of Communicatioms and RTO Equipment With Restorable

Redundancy

lssence of Task of

Providing Reliabili-
ty of Equipment With
Restorable Redundan-—

tixpressions for Quan
of Reliability of Eq
able Redundancy

titative Evaluation
uipment With Restor-

Coefficient of Readi-

Coefficient of

Expresslons for Quanti-
tative Estimate of
Equipment Reliability
Taking Into Account

cy ness Forced Down Time |Restorability and
Availability of Replace-
ment Components
Determina- |Determina-
tion of tion of
Average Num—-} Guaranteed
ber of Re- |Number of
placement Replace-
Components ment Com—
ponents
With restorable re- This criterion The prob- To ensure
dundancy, backup is % NT, \¢ characterizes ability that| the pre-
continuously being o\ T probability that equipment scribed
replenished with K,'—,;‘,T;ITT, the number of will perform| guaranteed
restored units., In > (._T_.‘_) failed units ex— |its functims]probabili-
this case a failed K=0 ot ceeds the number offduring time |ty of
unit is restored im- h N - b ¢ backup units (KsM)({t or with z |equipment
mediately upon where N - number o mpr  |packup com— |good operat-
. main units; M -- num- NT, : >
failure, and its b £ back its: - ponents is ing order P,
mean restoration Ker ° ;’:c qum; ti,d Ky ——9 _. lequal to backup com-
time will always be o nur; er-(: aile Mi' NT, R '§~ ponents are
less than mean - units; “ol mean 2\ Ta 3 G required as
_ _ |hours logged to v 3 follows:
trouble-free opera- s s1ure b ingl - - ollows:
tion time. It is aitl-j T y_a single 11n the absence of gi= H 25=Kq 2Zeps
quite obvious that untts *B mean redundancy (M=0): ~log WF\ere Ky --
_ restoration time. r < coefficien
under these condi T o 0 c t
With a number of s e 7.
tions the prob- tored . 1 - = s of backup
ability of Failure |CSSEOTed uniss Bava Ky = ——ppr—- a’ components.
to or greater than NT, »
of the entire . 14 —— Th Figures 9.6,
M+l, the coefficient Ty e average - :
equipment (system) N o b £ 9.7 contain
as a whole is con- of readiness of numver o relations
s‘idox"lbl re;ltced equipment with For all practical |expended P=(z. )
- avly ueeds  tredundnacy s purposes NT, backup com— ep
Fhus an fmportant M Ve and K, =f(z,,
. . X v |ponents dur=}{,, o
feature ol this N (Ve) D ol The total
. K1 whereby ing operating
method of increas- K. = Kns0 ~ (NMH - time t will operation
ing reliability rTOMEL K K= (Np)™, e number of
is the capability & K Figure 9.5 con- z=At backup com-
of restoring failed where Ty - down tains dependence cp ponents is
units to service e= 7 ownl g »=f (p). To zo=2ptznp*
while the equipment ° determine Kp one Zyp+ZTp s
is in good operat- time indicator must utilize rela- that is,
ing order and is tion Kp =1-Kp . one figures
performing its in expendi-
functions tures of
components

for preventive maintenance, during storage,

transport hauls, etc,
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Graph of Dependence of Guaranteed Probability of Equipment Good
B Working Order

P on Number of Expendable Replacement Components Zep
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Figure 9.7. Graph of Dependence of Backup Coefficient K5 on 2z With Different
Values of Guaranteed Probability of Equipment Good Operating Condition P

186

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

FOR OFFICIAL USE ONLY

Part IV. OPERATION OF AIR TRAFFIC CONTROL COMMUNICATIONS
AND RADIO-RADAR SUPPORT SERVICES EQUIPMENT UNDER CON-
DITIONS OF RADIO INTERFERENCE AND JAMMING

Chapter 10, PROTECTION OF COMMUNICATIONS AND RADIO-RADAR SUPPORT
SERVICES EQUIPMENT AGAINST RADIO INTERFERENCE AND JAMMING

10.1. Factors Determining Protection of Communications and Radio-Radar Support
Services Equipment Against Radio Interference and Jamming

The radio signal generated by all communications and RTO equipment is character-
ized by frequency, amplitude, phase, polarization, direction of propagation,

and other parameters. Each of these parameters can be a specific function of
time, and useful information can be contained in each of them (or in several

at the same time). Distortions can be caused by disparity between transmitter
and receiver parameters and the transmitted signal, as well as various electri~
cal disturbances of internal and external origin, called interference.

Interference, which alvays accompanies signals, is subdivided into regular and
random. Regular interference is the designation given to disturbances the laws
of change of which constitute specific functional relatioms. Their parameters
may be determined or prescribed. Elimination of regular interference presents
no difficulties. Power supply AC hum is an example of regular interference.
This hum is eliminated with the aid of various circuits.

- Electrical disturbances of external and internal origin which, depending on
specific case, assume different values with specific probabilities, are called
random interference, The effort to eliminate random interference is a major
problem of radio reception, involving considerable difficulties. If voltage
at receiver input can be represented in the form of a sum of signal plus noise,
this interference is called additive. Additive interferance also occurs in the
absence of a useful signal, which is a characteristic feature of this type of
interference. So-called multiplicative interference is manifested differently.
It can be detected only in the presence of a signal.

Based on origin, interference is subdivided into natural (non-deliberate) and
artificial (deliberate and accidental) interference. Interference of natural
origin is engendered by various types of fluctuations, that is, random deviations
of certain physical quantities fromtheir mean values, by operation of close-by
electrical and electronic equipment, by reflections from the earth's surface and
local objects. For example, the trajectory of radio wave propagation can
fluctuate as a consequence of random changes in the properties of the medium
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(humidity, temperature, ionization, etc): attenuation of radio waves on

the path of their propagation can fluctuate under the effect of the same
factors; current fluctuates in a resistor in a vacuum~tube or semiconductor
device circuit; parameters of the receiver itself also fluctuate (gain,
phase, shifts, ete).

Artificial interference or jamming is produced with the aid of special
electronic devices and is intended to disrupt normal operation of a communica-
tions channel or RTO equipment.

In order to ensure stable operation of communications and RTO equipment under
conditions of interference (unintentional, and especially deliberate jamming) ,
protection is provided both to individual equipment and the entire communica-
tions and RTO system from radio interference. Protection of communications
and RTO equipment against interference and jamming consists of organizational
and technical protection measures.

Organizational measures arc based, in the first place, on reducing probability
of creation of interference and jamming of communications and RTO equipment,
secondly on ucreasing rel:ability of a conmunications and RTO system by means
of redundancy (performance of identical functions by equipment of different
bands, operating principles, etc) and, third, on increasing personnel skilis
in employment of communications and RTO equipment under conditions of inter-
ference and jamming.

Technical measures to protect communications and RIO equipment against jamming
M can be subdivided into two groups.

The first group includes measures which either impede the arrival of inter-
ference signals or which boost the signal-noise ratio at receiver input. They

- are based on space, polarization and frequency selection effected prior to
receiver input.

The second group includes measures employed within the receiver and aimed at
boosting the signal-noise ratio at receiver output in comparison with the
signal-noise ratio at receiver input. These measures employ techniques of
combatting overloading of receiver circuits, various adjustments of receiver
parameters, and methods cf selection (separation) of interference and useful
signals. Useful and iutec-ference signal separation arrangements are based on
differences in the stru tuvve (parameters) of useful signal and interference.
In this case time, frequency, amplitude and phase selection are employed.

We shall examine in general form the significance of all the above-enumerated
types of useful signal selection employed both ahead of receiver input and
within the receiver itself.

Space selection is based c¢n utilization of directional antennas and can be
employed in those cases whare useful signals and interference arrive at the
receiving point from different directions. The ratio of signal power P, to
interference power Py at receiver input increases Go/Gy times, where Gg
and Gy are receiving antenna directive gains in the directions toward the
transmitting station and :ource of interference.
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Time selection is employed when there is a substantial difference either in
moments of arrival of signal and interference or in their duration. Operation
of circuitry for protection against pulse-type interference is based on this.
In particular, time selection is utilized for protection of voice-frequency
callup receiving systems against call-up frequency brief-duration oscillations
contained in interference and the information signal.

Amplitude selection is based on a difference in the amplitudes of signal and
interference and can be utilized only when P.> P, . It is utilized, for example,
in FM receiver clipper circuits and in noise suppressor circuits, as well as
in automatic control systems of phase-modulated signal receivers, which switch
off the receiver when useful signal is weak or absent. In addition, amplitude
selection is employed in controlling summing amplifiers which add two signals
which are separated in space, and consists of two amplifiers with a common
load. Amplifier gain dependson the signal-uoise ratios at the amplifier in-

- put: the amplifier with a higher ratio at input has a higher gain. Amplitude

) selection is also performed by an operator by ear when receiving signals.

Frequency selection is most extensively employed. It is based on differentia-
tion of the frequency spectra of signal and interference and is effected with
the aid of the receiver's resonant circuits, Improved selectivity is

achieved by employing additional filters between antenna and receiver.

Polarization selection is possible in those cases where signal and interference
- have different polarization, that is, the vectors of the electrical field in-
tensities of signal and intey':rence are positioned in different planes.

10.2. Methods of Protecting Radic Communications Equipment Against Radio
Interference and Jamming

Radio communication links can be jammed; effectiveness of jamming depends or
the ratio of useful signal and interference level at the receiving point. One
way to increase the jamming resistance of radio communication links is per-
formance of measures aimed at boosting the useful signal level at the
receiving point, that is, at increasing the signal-noise ratio.

= Such measures include the following: increase of radiated power, selection of
type of antenna system and antenna height above the ground, and selection of
operating frequency.

An increase in radiated power Pg leads to an increase in electrical field
intensity E, at the receiving point and therefore to improvement in the signal-
noise ratio. One must bear in mind, however, that there is a square-law
relationship between E. and P , that is, in order to double the E./E, ratio
it is neccssary to increase radiated power fourfold.

Correct selection of antenna arrays at the terminal ends of a radio link can
- substantially increase electrical field intensity at the receiving point, and
consequently can substantially improve the signal-noise ratio at receiver in-
put. The greater the directive gain of the transmitting antenna, the greater
the field intemsity. Directivity of the receiving antenna improves the
signal-noise ratio at receiver input both as a consequence of increase in the
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useful signal level and attenuation of the noise level (space selection).

The criterion for antenna selection is antenna radiation pattern. Selec-
tion of type of transmitting antenna is determined by the condition of
generating the greatest field intensity at the receiving point, while
selection of type of receiving antenna is determined by conditions of obtain-
ing the greatest signal-noise ratio (that is, the greatest amount by which
signal exceeds noise).

In shortwave communications the initial quantity which determines selection
of the required types of antenna is angle of radiation £,34 - Angle of
radiation £,, is defined as that angle in relation to the horizon at which
there should occur emission of radio waves capable of reflecting from ionized
layers of the ionosphere and reaching the destination point. Angle of
departure depends on the length of the communication link and the effective
altitude of the reflecting layer, At small communication distances angle of
radiation ¢ ., will be large, while this angle will decrease as distance in-
creases. For example, at communication distances of 250 km the radiation

- angle is approximately 55-70°, and at distances of 1,500 km -- 11-25°.

The most effective antenna is one in which the radiation pattern maximum in
the vertical plane has an angle with the horizon close to the radiation angle.
In contrast to shortwave stations, VHF-UHF ground stations employ omidirec-
tional antennas, while directional antennas can be used for communications
between ground control facilities.

- Correct selection of communications operating frequemncy. For communications
in a given shortwave radio 1ink, one can employ operating frequencies the
bandwidth of which is limited by the maximum usable frequencies (MPCh) and by
the lowest usable frequencies (NPCh). The upper boundary (MPCh) is determined

- by the possibility of reflection of radio waves from ionized layers of the

jonosphere and is determined only by the state of these layers. The lower

boundary, connected with absorption of the energy of radio waves in the
process of their propagation, depends on the state of the ionosphere, tech-
nical parameters of the equipment, and noise level at the receiving point.

The degree of absorption of energy of radio waves in the process of their

propagation depends on communications frequency. One can assume with a cer-

tain degree of approximution that the absorption coefficient is inversely
proportional to the squaic of the frequency. Consequently, the higher the
communications operating frequency, the less the absorption, and consequently
the greater the electrical field intensity at the receiving point. Therefore
communications operating frequencies, from the standpoint uvf resistance to
interference, should be selected close to the MPth (optimal operating frequency

ORCw 0.85 MPCh). Operation at the optimal frequency, from the standpoint of

reception, will ensure a maximum useful signal level, and consequently a

favorable signal-noise ratio.

Operation frequency for a specified communication 1ink can be selected by
various methods, but mandatorily on the basis of considering the state of the
ionosphere. It is quite obvious that the broader a radio set's band and the
more discrete frequencies in this band, the more precisely one can approx-
imate operating frequency to optimal communication frequency and ensure a
maximum useful sign.,i level at the rece%ﬁigg point,
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Selection of communication operating frequency for a VHF-UHF line-of-sight
radio link has practically no effect on field strength at the receiving
point. As regards field strength at points beyond the horizon, in this
case lowering frequency leads to an appreciable decrease in field strength.
The further the receiving point is beyond the horizon, the greater the ef-
fect of wavelength on field strength at this point.

Therefore in order to increase interference immunity in VHF-UHF radio links
which extend beyond line-of-sight, it is necessary to select lower frequencies
in the band.

Communications interference immunity can also be increased by improving the
signal-noise ratio at receiver output. This is achieved by selecting an
optimal receiver passband (band change is usually effected in the IF stages).

An optimal receiver passband should be selected taking into account the type
of received signal, the character of jamming, and receiver and transmitter
tuning stabilities.

The greater the receiver tuning stability and the greater the transmitter
frequency stability, the narrower the receiver passband can be, and the
greater the jamming resistance of the radio communication link,

With high transmitter frequency and receiver tuning stabilities, the receiver
passband is selected approximately equal to the frequency band occupied by
the spectrum of the received signal.

Selection of an optimal receiver passband in conformity with the type of
received signal is an important measure to protect radio communication links
against jamming.

An important measure aimed at increasing the jamming resistance of radio
communication links is utilization of the most jamming-resistant types of
operation for message transmission.

Radiotelephone messages can be transmitted with the aid of various modula-
tion methods. The most widely used methods in HF radio sets are amplitude
tlf-AM) and single-sideband modulation (t1f-OM). As regards frequency modula-
tion (t1f-ChM), it has very limited application in the HF band, and even
then with a small modulation index (narrow-band modulation)., This is con-
nected with the fact that with frequency modulation the spectrum width of

the transmitted signal is very large, and consequently a wideband voice
channel is obtained. Of the two types of radioteleplione communications,

with amplitude and single-sideband modulation, single-sideband is the most
jamming-resistant., This is due to the fact that with single-sideband modula-
tion the power of the transmitter output tube is utilized more efficiently,
the receiver passband narrows, and conditions of radio wave propagation im-
prove. All this énsures a higher signal-noise ratio at receiver output, and
consequently jamming-free reception.
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Just for the fivst two reasons (more efficient utilization of transmitter
output tube power and narrowing of the receiver's passband approximately
in half), single-sideband operation, from the standpoint of jamming resistance,
3 is equivalent to amplitude-modulation voice communications with a transmitter
power of 8 times that of a single-sideband transmitter. In addition, with
single-sideband modulation there is a sharp decrease in distortions occurring
in the process of radio wave propagation. The latter is connectrd with the
absence, with single-sideband modulation, both of a carrier frequency (and
therefore also distortions caused by its selective fading), and a second
sideband. The absence of a second sideband eliminates distortions caused by
selective fading and fluctuations of the phase components of this band. As
regards fluctuations of the amplitudes of the components of the transmitted
sidebands, they are perceived as change in reception strength, while fluctua-
tions of the phases of these components, which cause changes in the audio-
frequency phase, are not perceived by the human ear., This decrease in dis-
tortions also increases the signal-noise ratio at receiver output.

The overall maximum (theoretical) gain in signal-noise ratio at receiver
output with changeover from amplitude to single~sideband modulation is
approximately fourfold, which is equaivalent to a 16-fold increase in the
power of a transmitter with amplitude modulation. For practical purposes it
is assumed that single-sideband operation produces a power gain of 8-10-fold.

Of practical application for increasing the jamming resistance of radio-
telephone communications with single-sideband modulation is single-sideband
signal amplitude limiting (clipper circuit). This circuit compresses the
dynamic range of the high-frequency signal, which reduces this signal's peak
factor.*

Reduction of the peak factor of a single-sideband signal increases efficiency
of utilization of a transmitter's output tubes, since the average power of a
single-sideband signal will increase:

P

Pcp.on= -r;_:x .

Clipping, that is, decreasing rhe dynamic range of a high-frequency single-
sideband signal, usually is performed in the circuit where the upper sideband
is formed after the fiist ring mixer, that is, at the comparatively low
intermediate frequency. nNormally utilized for this purpose is a band limiter
consisting of a quartz band filter, amplifier and amplitude clipper-limiter.
As a result of inclusior of a clipper circuit, the signal peak factor is
reduced and approaches a value of 1.41, while the quality of communication
(intelligibility) does not drop very appreciably. This is due to the fact
that when limiting a single-sideband signal a considerable portion of the
spectrum of nonlinear distortions lies far beyond the boundaries of the initial
signal spectrum frequency band.

* Peak factor p of a complex oscillation is a coefficient characterizing the
relationship between peak Ppyy and average P.p powers of complex oscillation:

= 1/ Pmex,
’ y —

cp
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The average power of a single-sideband signal with operating clipper cir-
cuit increases 4-5-fold, thus increasing the jamming resistance of a single-
sideband wvoice cowmunication radio link.

As a result of employment of radiotelephone signal limiting with single-side-
band modulation, it is also possible to increase range of communications by
approximately 507%.

- Of great significance for increasing the jamming resistance of radio equipment
in voice communication mode (particularly VHF-UHF equipment) is employment of
a low-frequency signal dynamic range limiter. Operation of a limiter con-
sisting cf a low~frequency amplifier and diode amplitude clipper-limiter
boosts the average percentage modulation and thus substantially increases the
signal-noise ratio at receiver output.

Employment of a limiter increases a link's jamming resistance by 3-5-fold.

A clipped signal, however, is more poorly perceived by the ear than amn un-
clipped signal, since distortions appear as a consequence of clipping,
worsening speech intelligibility. Therefore it is advisable to switch on

the limiter only when comparatively strong interference is present. In this
case the deficiencies inherent in a clipped signal are manifested in-
significantly, and the jamming resistance of radio reception increases.
Switching on the limiter in the absence of interference, that is, when speech
intelligibility is fairly high, leads to an appreciable worsening of intel-
ligibility, and the gain produced by the limiter is insignificant.

A ShOU system is sometimes used for protection against pulse interference (high
amplitude and brief duration). In this case the receiver, consisting of a
wideband limiter, a maximum limiter and narrow~band filter, suppresses pulse
interference automatically as it appears.

Primarily amplitude (tlg-~AT) and frequency-shift (HgChT )keying is employed
for transmission of radiotelegraph messages in shortwave equipment,

Amplitude keying, which as a rule is employed with key transmission and aural
receiving, is less resistant to jamming than frequency-shift keying, Change-
over to frequency-shift keying with the same quality of communications is

for all practical purposes equivalent to a power gain of 4~9-fold in com-
parison with amplitude keying., This is due to the fact that with frequency-
shift keying the transmitter continuously generates high-frequency oscillations
with maximum power, the frequency of which varies insignificantly (by the
amount of frequency shift) with current and currentless pulses of driving
voltage, and an amplitude clipper and counter connection of positive and
negative impulse rectifiers are employed in the receiving device. Frequency~
shift keying is employed both in teleprinter and key transmission with

aural reception,

The jamming resistance of aural telegraphic communication links with frequency-
. shift keying is greater than that of links with printer reception,
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Two-channel frequency telegraphy (OChT) can also be used in addition to single~-
channel frequency telegraphy. Due to broadening of the rcceiver passband In
receiving XhT signals, jamming reslstance is somewhat diminished (in com-
parison with single-channel frequency telegraphy). In order to retain
identical jamming resistance of T and D(hT systems, transmitter power in a
DCHE system should be increased by 15-20% over transmitter power in a ChTl sys-
tem.

10.3. Methods of Protecting Radio-Radar Support Services Equipment Against
Radio Interference and Jamming

Differing-structure active jamming can be generated to counter radio-radar
support facilities, just as communications equipment, and in addition, in
contrast to communications equipment, so-called passive jamming can be em-
ployed against a large group of radar support facilities -- radar stations --
that is, interference appearing at radar input terminals as a consequence of
reflection of radar signals from reflecting objects which are not desired
radar detection targets.

Methods of protection against active jamming of radio navigation facilities
fully coincide with the measures discussed in 10.2 on protecting communications
equipment against radio interference and jamming. Therefore what was stated
above in 10.2 also fully applies to radio navigation systems operating in con-
tinuous radiation mode.

Methods of Protecting Radars Which Prevent Interference From Entering the
Receiver

Space selection as a means of combatting radar jamming consists in employ-
ing highly-directional antenna arrays with small side lobes. 1In order to
reduce the level of interference signal reception (both active and passive),
radars employ special circuits for suppression (compensation) of side lobes,
which substantially reduce the interference signal level, and therefore im-
prove the resistance of radars to jamming.

Polarization selection is emploved in centimeter-band radars (ia instrument
landing radars, for example) to attenuate interfering reflections from
atmospheric water vapor. Polarization selection involves placing at the

radar antenna exciter oviput a polarization array, with the aid of which the
linear-polarized radiator field is transformed into a circular (or elliptical)
polarization field, Differing change in polarization occurs during reflec-
tion of radar pulses from hydrometeors and aircraft. As a result the signals
reflected from hydrometeors, altering their direction of rotation with
circular polarization, are suppressed by the polarization array, while signals
reflected from an aircraft, retaining their direction of rotatiom, pass
through to the receiver input terminals. Maximum attenuation of returns from
hydrometeors can be achieved by means of selection of polarization array angle
of rotation.

Polarization selection can also be used to combat active jamming which
differs from reflected signals in polarization characteristics. In this
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instance, radiating elliptically polarized waves and tuning the antenna-
wavepuide elrcuit to the polarization parameters of the useful signal, one
can substantlally boost the signal-noise ratio. TFor example, with ldentical
signal and interference field power at the antenna, thelr ratio at the
receiver input terminals will be

Py ) 2
Fl’ 4knkc + (l -kZ) (I —kg) cos (G ._.en)
(]
. () (T HE) T (1 HE) (1)
I . (10,1)
where kg, k, —— coefficients of ellipticity of signal and interference fields;
9,.-6, —- angle between major axes of ellipses of polarization of signal and

interference fields.

A "plus" sign is placed between the 1 and fraction in the denominator of
formula (10.1) when the directions of rotation of the signal and interference
fields coincide, and a "minus" with opposite direction of rotation.

Frequency selection prior to radar input terminals consists in the capability
of frequency-tuning radars. Frequency tuning can be continucus, discontinuous
with shift to prior-determined frequencies, and discontinuous with random
change from one frequency to another, Rate of frequency retuning can in-
volve slow manual tuning and fast automatic tuning, including from one radar
operating cycle to the next (retuning from pulse to pulse). Radar retuning
from pulse to pulse is the most effective means of protection against active
jamming, which practically eliminates the effect of response jamming by
frequency.

Methods of Protecting a Radar Receiver From Interference Reaching Its Input
Terminal

These methods are based on combatting receiver circuit overloading and on
employing special useful signal and interference selection circuits, which
utilize differences in their spectral composition, amplitude, phase, duration,
and pulse repetition rate.

In conformity with this, we differentiate frequency, time, phase, and am-
plitude selection. All types of selection other than amplitude are exten-
sively employed in ground radars. Amplitude selection has not enjoyed
widespread application in radars, since a large dynamic range of useful
signal change and fluctuation in magnitude of reflected signals can totally
obliterate differences in the amplitude relationships between interference
and signal.

Phase selection is a particular case of time selection, since the selection
parameter is the time shift between interference and signal, which for high-
frequency oscillations is manifested in a phase shift between them. Phase
selection is extensively employed in radars with selection of moving targets
for suppressing passive jamming.
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Figure 10.1. Illustration of MARU Circuit Operation

Combatting receiver circuit overload. Receiver protection against overload

both by ground clutter and by active jamming boils down to inc

reasing its

dynamic range. Receiver overloading can occur in the various stages: in the
IF amplifier, in the detector, and in the video amplifier. Various devices
with nonlinear amplitude characteristics are employed to combat overloads.

A brief description of these devices is given below,

Broadening dynamic range of IF amplifier, Customarily overloading occurs
primarily in the final stages of the IF amplifier. The dynamic range of

an IF amplifier can be broadened by employing higher-power tubes and by
applying higher plate and screen grid voltages to the IF amplifier tubes.

To increase dynamic range one can reduce gain in the IF amplifier channel

and increase it in the video channel. Employment of this method, however, is
limited by the necessity of a certain voltage on the detector to ensure

linear detection (usually in the order of 1 volt).

Instanta-eous automatic ga.n control (MARU) makes it possible to maintain a
3 high gain for short-duration useful pulses of small and medium amplitude and
- sharply to reduce the gain of pulses of large duration and amplitude.
a circuit makes it possible to attenuate ground clutter, interference from
regions of passive jamming and from active pulse jamming of large duration

and amplitude.

The operating principle of instantaneous AGC is as follows: when large-
amplitude interference appcars on the tube grid of a controllable IF amplifier
stage, additional bias is epplied, equal in magnitude to the amplitude of the
interference, moving the orerating point considerably to the left of normal
receiving conditions. This eliminates signal suppression by the interference,
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Figure 10.2. Amplitude Characteristic Curve of a Linear (a) and Linear-
Logarithmic IF Amplifier (b)

which is amplified on the linear segment of the tuba characteristic curve
(Figure 10.1). A differentiating circuit with a short time constant is some-
times placed between detector and video amplifier to suppress long pulses
remaining beyond the instantaneous AGC.

- Employment of an IF amplifier with a linear-logarithmic amplitude character-
istic curve., The amplitude characteristic curve of a conventional (linear)
receiver has the appearance as shown in Figure 10.2a, Such a receiver
becomes easily overloaded, that is, upon attaining input voltage UBxq » further
voltage increase dJdoes not produce an increase in output voltage., In a
receiver with logarithmic IF amplifier, the characteristic curve for small-
amplitude signals (quO) is linear (Figure 10.2b), while for strong signals
it has the shape of a logarithmic curve. As a result an increase in input
signal within broad limits does not lead to overloading the receiver and
makes it possible to observe weak signals on a strong noise background (or
alongside strong interference). Usually the ratio of output to input voltage
for such IF amplifiers has the form

. g
Upgy == "u,’*.(‘" a2+ 1), v (10.9)
29
where u x, ~— imput voltage at the end of the linear segment of the
character@stic curve; kg -- gain on the linear segment of the character-
istic curve; ug, -- input voltage.

Time automatic gain control (VARU). In ground radars, and particularly in
landing approach radars, it is desirable to have receivers which provide
equal observation on the scope of identical targets located at various dis-
tances from the radar site., The power of a reflected signal is inversely
proportional to the fourch power of the distance. Therefore when one is
monitoring with the aid of a precision approach radar a descending aircraft
- from a distance of 20 km to touchdown at a distance of 2 'km from the radar,
the power of the reflected signal will change by a factor of 10,000,
Naturally with the same receiver amplification in the process of approach,
the difference in observability of the aircraft at the beginning and end of
the approach process will be substantial. In order to eliminate this
phenomenon and to protect the receiver from being overloaded with a high-power
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pulse from the transmitter and powerful returns from nearby objects, a
time automatic gain control circuit is employed.
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Figure 10.3. Change in Bias Voltage in IF Amplifier With Instantaneous
AGC Circuit

Key:
1. Ucp level with 2. Ugp level of minimum
maximum gain gain

Operation of a time AGC circuit is as follows: simultaneously with trans-
mission of a pulse by the radar transmitter, a circuit is activated which
sharply reduces receiver gain by applying a large negative bias voltage to
the IF amplifier tube grids during the time powerful returns arrive from
nearby objects. Then gain increases exponentially and reaches a maximum
value at the moment reflected signals are received from more distant tar-
gets (Figure 10.3). Decreasing receiver gain when signals are being
received from nearby objects, the VARU circuit also attenuates signals
received from the lateral and rear lobes of the antenna radiation pattern.
By selecting VARU circuit parameters (capacitor discharge time constant),
one can alter the rate of change of the control grid bias voltage, that is,
alter the rate of receiver gain increase.

Methods of protection based on signal and interference parameter selection.
Useful signal and interference frequency spectrum selection (frequency
selection) is based on utilizing the selective properties of various kinds

of filters. Employment uf the optimal filtration method can be the most
effective means of protecting pulse radars against jamming. This method con-
sists in the following: signal and interference are applied in the receiver
to a special filter, which possesses the ability to pass only the frequency
spectrum components of a useful signal, blocking the remaining frequency
components of the receiver's passband. In this case the useful signal passes
through the filter unattenuated, while the interference signal, the power

of which is distributed among all the frequency components of the receiver's
passband, will be attenuated to a substantial degree. The amplitude-frequency
characteristic of an optimal filter is proportional to the ratio of signal
spectrum amplitudes to the energy spectrum of the interference.
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Figure 10.4, Diagram of Rejection Filter
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Figure 10,5. Graphs (a, b, c) Showing Rejection Filter Operation

Key: )
1. Inteiference 2. Signal
3. Filter characteristic curve

The greater the amplitude of the signal components and the less the in-
tensity of interference, the greater the degree to which an optimal filter

- passes frequency spectrum components. The greater the degree to which the
signal spectrum differs from the interference spectrum, the greater the
signal-noise ratio at filter output. With 1 uniform interference spectrum,
the filter's amplitude-frequency characteriitic curve coincides with the
amplitude-frequency composition of the signil., Rejection and comb filters
are examples of circuits based on optimal f ltering.

Rejection filters are employed to suppress narrow-band interference, that is,
interference signals the spectrum of which .s narrower than that of the
useful signal (unmodulated interference or nterference with simple types of
modulation), With the aid of a rejection f: lter, the band of frequencies

in which the interference is located is removed from the receiver's overall
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passband. Figure 10.4 contains a sample diagram of a rejection filter,
and figure 10.5 -~ amplitude-frequency diagrams which explain the operat-
ing principle of a rejection filter, which has a sharp decrease in gain K
at the interference signal frequencies.

Comb filters can be employed to remove pulse slgnals from nolse iInterference,
Figure 10.6 contains graphs showing filter operation, The top graph (a)
depicts the energy spectrum of a noise signal which, as is evident from the
figure, is continuous and almost constant in amplitude, The middle graph

(b) shows the energy spectrum of a useful signal —— a clipped train of video
pulses (a packet of pulses reflected from a target) with a repetition rate
of Fy, . The bottom graph (c) contains an amplitude-frequency characteristic
curve of a comb filter, It is clearly evident from the figure that with this
filter characteristic curve the entire emergy of the pulses will pass
through the filter, while the interference will be passed only in part, only
within the boundaries of the comb filter's elementary passband.

40!

Figure 10.6. Graph Show ng Operation of a Comb Filter (a, b, c), and Diagram
of Comb Filter (d)

In order to obtain an undistorted signal, a filter should pass the bulk of
the signal spectrum, which is concentrated in the band

1
Yoy

If a filter contains n elementary bands Afj in width, the voltage gain in
the signal-noise ratio will be approximately Af¢ /nAfi times.

An amplitude-frequency characteristic curve close to that of a comb filter

can be obtained with an amplifier with feedback through a delay line with
a delay of the pulse repetition period Ty . The line is loaded by resistor R,,
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equal to its characteristic impedance. The 12 stage amplifies signal taken
from the delay line. Plate load Z can be resonant or aperiodic (depending on
whether pulses at the intermediate frequency or video pulses are being am-
plified). TFeedback voltage Uges controlled by resistor R., is applied from
the plate of tube J12 to the control grid of JI1. Output voltage ugy. s
taken from the plate of tube JJl.

A comb filter can also be employed to protect a radar from nonsynchronous
pulse interference.

Employment of the storage method is one variation of the method of optimal
filtering. The storage method is based on periodicity of a useful signal

- in time, differentiating the signal from interference. This is essentially
a variation of the comb filter method, but examined from a rime standpoint.
Technical implementation of the storage method is substantially simpler,
and therefore this method of protection against noise jamming is extensively
employed in radars.

Target returns comprise a limited periodic sequence of pulses. There

exists no regularity for noise jamming. Therefore if one performs small m-
times (within a single packet of reflected pulses) adding of signals receiwed in
adjacent radar operation cycles, the amplitude of useful signals, since their
appearance is rigorously specified and coincides in time in adjacent cycles,
will also increase m times, while noise signals, since their appearance is
random, will increase by only AW times. As a result the signal-noise ratio

at storage circuit output increases m times in power,

) SJunus Alunug
) )
2| J |
Yeusimen Veumimens
7 2

l {

Figure 10.7. Block Diagram of Storage Circuit With Delay Lines

Key:
1. Delay line 3. Input voltage
2. Amplifier 4. Output voltage

Adder circuits with delay lines, CRT tubes with storage of charges (beam
storage tubes), with dark trace, and various integrating circuits can be
employed as storage devices in radar equipment. Figure 10.7 contains a
block diagram of a storage circuit with delay lines, The signal is applied
to the amplifier input through delay lines with a delay of the pulse repeti-
tion period, while the amplifier outputs are applied to a common load. With
this circuit arrangement, following a number of pulse repetition periods
equal to the number of delay lines m, the output signal will correspond to
storage for m pulse repetition periods.
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Wwith a sufficiently large number of storage cycles, these clrcuits make 1t
possible fairly effectively to segregate weak reflected signals on a noise
jamming background. Storage circuits have one shortcoming, howcver -—- the
need for time for storing pulses. A spectral analysis of the operation of
storage circults indicates that their amplitude-frequency characteristic
curve has the form of a comb filter, and the greater the number of storage
cycles, the closer its characteristic curve is to an ideal comb filter,

Selection by signal duration is one kind of time selection and is employed
in radars to attenuate interference the duration of which differs from radar
pulse duration. The simplest circuit for selection by duration is a differentia-
tion circuit consisting of a capacitor and resistor connected in series
(Figure 10.8). As is evident from the time diagrams, in selecting differen—
tiating circuit time constant 1=RCL % (customarily t <0y ) two
short pulses of different polarity are formed from the useful and inter-
ference signals at the circuit output, and the amplitudes of these pulses
are determined by the rate of voltage buildup in the input signals. Since
customarily large-duration pulses have a sloping leading edge, the output
pulses of a differentiating circuit will have less amplitude than when dif-
ferentiating useful signals. Following a clipping circuit, only pulses of
positive polarity are applied to the scope.

Ugy

| .

a g

Figure 10.8 Differentiating Circuit: a -— circuit; 6 -- time diagram

Such a circuit enables one to attenuate the interfering effect of active
pulse jamming with long-duration pulses, and also partially to remove from
the radar scope strong reflections from chaff as well as clutter, Employment
of a differentiating ci.-uit is the most common method of protecting ground
radars against jamming.

The most sophisticated method of protecting against active pulse jamming
where jamming pulse duration is not equal to that of the radar pulses, is

a pulse duration selection circuit, Figure 10.9 contains a block diagram of
such a circuit and time diagram depicting its operation. Received signals
of duration ¢, and t (line 1) are fed, following amplification in the video
amplifier, to an RC differentiating circuit. Two short pulses with inter-
vals between pulses «, and t appear at circuit output (line 2); these pulses
are fed to two channels. The first channel consists of a cathode follower,
which passes pulses only of positive polarity, leaving their polarity un-
changed, and a delay line with a delay of radar pulse duration Ay . Present
at the input of this channel are single pulses displaced by time 4, xrelative
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to the leading edges of the input signals (line 3)., The second channel con-
tains a grid-clipping amplifier, which amplifies negative-polarity pulses

and reverses their polarity to positive (line 4). Signals from the outputs
of both chanﬁéls are fed to a gate circuit which produces a pulse of negative
polarity when signals from the outputs of both channels coincide in time.
Thus in our ekample there will be only one channel at the selection circuit
output which corresponds to the trailing edge of the radar pulse (line 3),

In other words only those signals the duration of which is equal to a radar
pulse duration will be applied to the scope, while jamming signals, differing
in duration, will not pass through the selection circuitry. These pulse dura-
tion selection circuits usually effectively suppress that jamming with pulse
duration differing from useful signal by not less than 50-100%,
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Figure 10.9., Selection by Pulse Duration: a —- block diagram; b —— time

diagrams

Key:
1. Video amplifier 4, Delay line
2, RC differentiating circuit 5. Amplifier
3, Cathode follower 6. Gate circuit
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Selection by pulse repetition [requency ls also a varlant of tlme sclectlon
and Is employed to protect radars against pulse nonsynchronous interference,
which can be interference from neighboring radars or from other pulse devices,
as well as deliberate jamming.

Operation of a pulse repetitien frequency selection circuit is based on com-
parison of received signals in two adjacent radar operating cycles. A com-
parison circuit separates out only those signals of two adjacent cycles

which coincide in time of arrival at the circuit. Therefore signals which

do not correspond to the radar pulse repetition frequency will not time-coin-
cide in adjacent cycles and will not pass through the comparison circuit.
Useful signals, separated by the pulse repetition period, will coincide in
adjacent cycles and will pass through the comparison circuit.

Figure 10.10 contains a simplified block diagram of a repetition frequency

selection circuit with delay line and time diagrams illustrating its operation.
- Circuit operation is similar to that of the above-discussed selection by

duration circuit. A gate circuit separates out only target-reflected signals

the repetition period of which, Tw is equal to delay line passage time.

In many cases, in place of a delay line with a repetition period delay (usual-

1y an ultrasonic delay) and gate circuit, circuits with cathode ray tubes

with charge storage are employed, which also store signals for the repetition

period and compare them. Circuits with beam storage tubes are more stable

and more effective than circuits with ultrasonic delay lines.
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Figure 10,10, Selection by Pulse Repetition Frequency: a —- block diagram;

b -~ time diagrams

Key:
1. Input 4. Gate circuit
2. Video amplifier 5. Output
3. Delay line 6. Cycle
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Moving target selection (SDI) in ground pulse radars 1s employed to protect
against passive interference occurring both with reflection from the earth's
surface and with jamming with chaff. When a SDBcircuit is switched on, a radar
changes to coherent-pulse radar mode, which makes it possible, in addition to
a target's coordinates, to determine its radial velocity in relation to the
radar. Radial velocity is determined by utilization of the Doppler effect:
with reflection of radio waves from objects with radial veloeity V,.(m/s), the
frequency of reflected signals received by the radar f,Tp (Hz) will differ
from the frequency of radlated signals by quantity

: - 2V
‘fm_y.“-F‘-—ii, oo (10. 3}

where 7\ -- wavelength of radiated oscillations, m,
Value Fp, is called Doppler frequency or Doppler frequency shift.

Doppler frequency in a reflected signal can be obtained and measured if the
direct and reflected signal observation time significantly exceeds the _
Doppler frequency period. This condition practically corresponds to con-
tinuous radiation mode.

In pulse radars in which duration of the reflected signal is very short (micro-
seconds and fractions of a microsecond), during a single pulse the Doppler
effect 1s manifested in an additional phase shift of reflected oscillations
from the moving target. Oie can see this from the following.

Let a target be illuminated by a signal the instantaneous value of which is
u=Usin2 nft (Uy -- signal amplitude, f -~ frequency, t -- time, product 2T ft --
current oscillation phase) A signal reflected from a target at distance D

will return to the radar w.th a delay of t1=%2, and its instantaneous value
will be uyTp=Upsin2 Rf(t+t;). If the target is stationary, in each operating
cycle lag time t] is constant, and the differente of direct and reflected
signal phases is also constant and equal to:

- . Paenoge™= 28/ (¢ -£ ) — 20 == 2nfty == const.

If the target is moving at a radial velocity V., in the first operating cycle
lag time 1{_0’ in the second t2_2(1c):+AD) 2(D+‘2:AD)’

In other words, lag time from cycle to cycle changes by quantity

, in the third t3= etc,

At

e

y BD_WT L
=7 = 8~ F,— =-- radar pulse repetition period).

- The difference in signal oscillation phases (direct signal and return from
moving target) changes from one radar operating cycle to the next. The addi-
tional phase shift of direct and reflected signals in two adjacent cycles

W, . - ‘
A ¢ = 2rfAt = 2nf .T' T, =2=F,T, » (10. 4)

is determined by the target's radial velocity.
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Thus a signal reflected from a stationary target will in all radar operating
cycles hiave a constant phase shift relative to the radiated signal, while

a signal reflected from a moving carget will be continuously changing the
phase shift relative to the radiated signal from one radar operating cycle to
the next.

Utilization of the above-examined phase shift in SDis circuits to discriminate
moving targets from background interference is done by comparing in a phase
detector the voltage of reflected signals with voltage coherent to transmitter
oscillations. :

In performing phase detection, these phase shifts are easily converted into

- amplitude changes. In this case the amplitudes of signals reflected from
stationary objects (the earth, chaff) will have the same value in adjacent
cycles, while those from moving targets will have a different value. Then
mutual compensation of pulses of constant amplitude (reflected from stationary
targets) and segregation of pulses from moving targets are accomplished by
comparing the signals of two adjacent radar operating cycles in a cancelling
circuit (so-called period-jump compensation) [15].

SDE circuits can have internal and external coherence, depending on what
determines cobherent voltage frequency.

In circuits with internal coherence, coherent voltage is linked by frequency
and phase to radar transmitter oscillations, and therefore in pure form such
SDIs circuits are capable of suppressing signals only from genuinely stationary
targets. Under actual conditions of protection against passive jamming

as well as against reflections from hydrometeors, in precision approach radars,
for example, interfering objects also have radial velocities relative to the
radar, and their reflected signals will not be compensated by a SDIs circuit
with internal coherence without adjustment. Either circuits with external
coherence are employed for compensation of such reflected signals, or coherent
voltage phase adjustment for translational velocity of interfering objects
(wind and antenna rotation compensation) is introduced in circuits with inter-
nal coherence. Such compensation is performed automatically in circuits with
external coherence, since coherent voltage is synchronized by the reflected
signal from the leading edge of distributed reflectors and carries informa-
tion on their radial veiocity.

Delay by the pulse repetition period and period-jump subtraction in SDTs cir-
3 cuits can be performed jwat as in repetition frequency selection circuits,
either in ultrasonic delay lines and tube cancelling circuits or in
cathode ray tubes with charge storage (most frequently in beam storage tubes).
In the latter case, in order to increase the circuit's effectiveness multiple
period-jump cancelling (usually double or triple) can be performed. However,
even with single cancelling, employment of beam storage tubes possesses a num-
ber of advantages over circuits employing ultrasonic delay lines, such as the
capability of readily changing radar pulse repetition frequency, the absence
of a special delay line excitation generator and related additional components,
smaller circuit weight and size, etc.
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The actual cdnfiguration of SDIs circuits is quite diversified, but their
general operating principles arc approximately the same and can be understood
with an example of a very simple SDIs circult with [nternal coherence and

a beam storage tube cancelling circuit as shown in Figure 10.11. For com-
parison of the phases of the direct and reflected signals, the SDI's circuit
employs a coherent oscillator -—- an oscillator generating contincous sine-
wave oscillations rigidly bound in phase with the phase of radar transmitter
oscillations, For this the coherent oscillator operates at the intermediate
frequency and is phased (rigidly phase-linked with the transmitter phase)

by a transmitter pulse converted with the aid of the receiver's local os-
cillator in a phasing mixer to the intermediate frequency. Comparison of
phases at the intermediate frequency does not alter previously derived
relations, but it simplifies design of a radar and its SDTs circuit.

Signals reflected from a target and converted by local oscillator into in-
termediate-frequency oscillations are phase-compared with the coherent os-

- cillator voltage in a phase detector the output voltage of which is determined
by the phase difference of high-frequency oscillations applied to its input,
As a result video pulses are formed at the phase detector output, with con~
stant amplitude and polarity when reflected from stationary targets and am-
plitude and polarity changing from one radar operating cycle to the next
when reflected from moving targets.
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Figure 10.11. Block Diagram of Radar With SDTs System

Key:
1. Transmitter 7. Wind compensation circuit
2. Antenna switch 8, Phase detector
3. Phasing mixer 9. IF amplifier
4, Local oscillator 10, Limiter circuit
5. Signal mixer 11. 9 system
6. Coherent oscillator 12, Compensator
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Thus in the phase detector of a radar with SDL, the difference in the phase
shift of reflected signals is converted into an amplitude difference of

video pulses from stationary and moving targets. This means that pulses are
for all practical purposes mutually separated, However, in order to eliminate
the appearance on scopes of video pulses from stationary targets, it is neces-
sary to keep from feeding them to the scope. Employed for this is a com-
pensating device, which effects period-jump cancellation of video signals at
the phase detector output, whereby video signals with constant amplitude

are suppressed, while pulses the amplitude of which changes from one period

to the next are discriminated.

The operating principle of the SDIs circuit is such that with target radial
velocities which produce during each radar operating cy:le phase shift 4¢9
of a whole number of periods 2 m, the difference in phases of the direct
and reflected signal will be identical in all radar operation cycles. Targets
q;th,gqéh radial velocities are perceived by the SDB circuit as stationary,
Figndls” from them are compensated, and the targets will not appear on the
scope. These radial velocities are called SDTs circuit "b1ind" velocities.
The magnitudes of "blind" velocities are determined by equality

v

. A

yenen = -2—nF“. , (10.5)

As is evident from formula (10.5), a radar may have several "blind" veloci-
ties, since n=1, 2, 3,..., etc. The slowest velocity will be at n=1,

In order to avoid "blind" velocities, ground radars employ a variable pulse
repetition frequency. If a velocity is "b1ind" for one repetition rate, it
is not "blind" for amother, and consequently the target can be detected.
Repetition rate can change both continuously and discontinuously.

The best results of compensation of reflections from interference displacing
under wind effect are achieved in radars with a two-frequency method of SDTs.
In these radars one antenna emits radio-frequency pulses at two frequencies
simultaneously in a single radiation pattern. Reflected signals also

arrive simultaneously at two frequencies and are received separately by two
receiver channels. Reflected signals are fed from the intermediate-frequency
amplifier output to a phme discriminator.

In the phase discriminator of the two-frequency radar, reflected signals are
compared not with coherent voltage but with one another. As a result video
pulses are formed at the discriminator output, the envelope of which changes
with the difference Doppler frequency (beat frequency):
2Vr QV,_ 2vf los

Fﬁ_’:Fﬂl_f‘ﬂz% T{-_i,—_(h—,’)T' ‘ ( )
where Ay and },, £, and fy are the wavelengta and carrier frequency of the
first and second radar channels.
Employment of two channels in the first plac: increases protection against

- jamming and, secondly, improves performance >f the passive interference

protection circuit, especially during radar speration in the decimeter and
centimeter bands. 208
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Methods of Cdﬁbatting Mutual Interference

For receiving weak reflected pulses without significant distortions, radars
have highly-sensitive receivers with a fairly broad passband. This
decreases the radar's noise immunity, since it opens the way to penetration
of external interference signals.

In addition to deliberate jamming, such external interference signals may
also be interference from other radars or from other equipment operating in
the same frequency band. In order to eliminate or substantially to reduce
mutual interference, it is essential scrupulously to meet the requirements
cf electromagnetic compatibility (see Chapter 11

Applicable to radar and radio navigation equipment, basic electromagnetic
compatibility measures can consist in the following,

When several radars operating in the same and different bands are located in
the close vicinity of one another, in order to exclude the influence of
mutual interference it is advisable to effect synchronized triggering of

all radars from one synchronizing unit (one radar)., If this is not possible,
it is essential correctly to select the position of each radar taking into
account the possible influence of adjacent radars, to disperse in space the
operating sectors of individual radars, to «etermine operating frequencies
taking mutual interference into account and, finally, maximally to utilize
the radar equipment's interference protection circuitry.

Radar positions must be selected in such a manner as to eliminate the mutual
influence of radar emissions, particularly radars operating in the same
band. In designating operating sectors, one should avoid the possibility of
direct orientation of radar antennas toward one another. Pulse duration and
repetition rate selection circuitry can be successfully utilized to combat
mutual interference, as well as retuning a radar to other operating frequen-
cies. In addition, for this same purpose one can sometimes resort to radar
servicing adjustments ~- adjustment of receiver gain, brightness, focus,
scanning rate and frequency.

10.4, Method of Estimating the Influence of Radio Interference and Jamming
on Operation of Communications and Radio-Radar Support Services Equip-
ment

The technique of estimating the effect of radio interference on the operation
of communications equipment as a rule consists in plotting on a map, with
known (or présumed) location in space of the useful signal transmitter and
source of interference (jamming source), boundaries of the zone of assured
reception of communications transmitter signals with a specified reliabili-

- ty (probability). Probability of reliable reception of useful information is
determined by the ratio of useful signal voltage to interference signal
voltage at the receiver's input terminals., The minimum signal-noise ratio
at receiver input at which reliable reception with the designated reliability
is ensured is called the coefficient of reliable reception:
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yn = yﬂ‘" npu Puln. npM, = const.
noM

values qH1 depend on the . type of communication link (amplltude—modulated
telephone, AM telegraph, FM telegraph, etc), type of interference signal
(noise, pulse, keyed, etc), and required probability of reliable reception
under interference counditions. Naturally the greater the requisite
probability of reliable reception, the higher qpn will be for one type of
communication link and type of interference signal, The greater the poten-
tial noise immunity of a communication link, the lower qH will be for dif-
ferent types of communication links, one type of interference and one
probability of reliable reception.

{10.7)

Values qH] are usually determined experimentally, applicable to a given type
of communication link and given type of interference. Plotting the boundary of
a reliable reception zone consists in finding in space the geometrical posi-
tion of points at which the preselected qy value is assured, Determination
of these points in turn is connected with calculation of the field strength of
useful and interference signals at a given point in space. With considerably
different conditions of propagation of radio waves from a useful signal trans-
mitter and jamming transmitter to the receiving point, the problem of plotting
the boundary of the reliable reception zome becomes for all practical pur-
poses difficult to solve. In this instance usually the inverse problem is
solved —- determination of the probability of reliable reception at points
oriented in a certain manner relative to the communication station and inter-
fering station. For this onme calculates, from the station's distances and
energy potentials, the interference and signal field strength at the receiving
point, and probability of reliable reception is determined on the basis of
their ratio.

Then, when the conditions of propagation of radio waves from the communica-
tion station and interference station are identical or can be assumed identical,
which in the majority of cases is correct when estimating the influence of
interference on ground and air communication links in the VHF-UHF band or
shortwave band involving only ground-wave propagation, it is possible fairly
simply to determine the boundary of che reliable reception zone from the
specified parameters of the jamming station and communication station. The
iocation, type and dimensions of the reliable reception zone are dependent
with specified probabilit, on energy coefficient K, which is equal to the
product of the coefficient of reliable reception qyp times the ratio of emergy
potentials of the jamming station (&> w) and communications station

(Acs w)t A
K=gqyp 1/7@ (10.8)
" ]
where 4
Ann= PnnGy A’f"""’nl
n
Py -~ jamming transmitter power, watts; Gn —- directive gain of jamming trans-

itter ante 3 Bfgoe B .
m ntenna; Afnpu fo . receiver passband and band of radiated jamming
signals, kHz; kq —- coefficient which takes into account the variance in
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polarization between jamming and useful signals (k=1 when polarization co-
incides, kp=0.5 with circular-polarization interference and lincar-polariza-
tion signal); P. —- communication lirk transmitter power, watts; G -- com-
munication link transmitter antenna directive gain,

K<t ,/'"
e e

HAGENH020

noueMa
ﬁ/‘

Figure 10.12. Type of Zones of Reliable Reception and Interference Zones With
Different Values of Energy Coefficient K

Key:
1. Interference zone 2. Reliable reception zone

In those cases where the communications link transmitter and jamming
transmitter have omnidirectional antennas (Gn=Gc) with identical polarization,
while jamming is selective in frequency with a band coinciding with the

receiver's pass® und (Mn==Ath. value K can be determined with the
formula .
P -
K=tun]/ = (10.9)
. ]

The equation of the boundary of reliable reception in a bipolar coordinate
system (Figure 10.12) has the form:

Dy =KD, T (10.10)

Depending on quantity K, the reliable reception zone varies in appearance
(Figure 10.12).

When K<1 (which corresponds to a high degree of communication link jamming
resistance or considerably less jamming transmitter energy than that of the
communications station), the zone of reliable reception exists with specified
probability throughout the entire effective zone of the useful signal
transmitter, with the exception of an interference zone around the jamming
transmitter position. The interference zone comprises a circle of radius
K .

Ry= Dor:—Kg- (.11
the center of which is displaced along a line radio set-jamming transmitter
beyond the jamming transmitter a distance of

a, = RK. (10.12)
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when K=1 all space is divided by a perpendicular to the middle of the base
(a Line linking the jamming transmitter useful signal transmitter) into two
parts: in the direction of the useful signal transmitter -- a reliable
reception zone, and in the direction of the jamming transmitter -- an inter-
ference zone.

when K>1 (which corresponds to a low degree of communications link jamming
resistance or jamming transmitter energy considerably exceeding that of
the useful signal transmitter), the reliable reception zone, with a
specified probability of signal reception, comprises a circle of radius

Ryn="Do R;L_f_—l (10.13)

the center of which is displaced along the base line beyond the useful signal
transmitter by quantity

P ‘37*(1.2- oy
Thus in order to estimate communications reliability ome must determine
value qp] from the characteristic of the communication link, estimate of
the enemy's jamming capability, and allowable probability of reliable
reception. Then one calculates the value of energy coefficlent K, proceed-
ing from the figures on the communications set and enemy's jamming trans-
mitter. One determines Rrj or Ry » an OT a4 from the value of coefficient K
and the distance between the communications set and possible position of
the jamming transmitter (Dy) and plots a reliable reception zone boundary on
a map. Figure 10.13 contains an example of such a plot [2].

4020 MPUsay

vesr

r'gluua Ku

Figure 10.13. Example of Estimating Effect of Jamming on Radio Communication
Link
Key:
1. Jamming zore 2. Boundary of reliable reception
212 under conditions of ground jamming
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The technique of estimating the effect of active jamming on the operation

of ground radars consists in determining the boundaries of the detectlon uzcne
(with a specified probability) for targets being protected by jamming, The
probability of spotting a target return on a noise interference background

is determiged ;by the ratio of the power of the target return P, to noise
power Pp at radar receiver input. The minimum P./Pp ratio at which a
specified probability of detection is ensured is called, on analogy with
estimate of tHe effect of jamming on a communication link, coefficient of
reliable detection q (in a number of sources this quantity is called co-
efficient of discrimination) [16]. The value of the coefficient of reliable
detection depends in turn on the 1limiting threshold established in the radar
receiver-display circuit and the number of target returns whkich the radar
receives during each detection cycle (in each antenna rotation for a 360°
surveillance radar). The established limiting threshold is usually character-
ized by probability of so-called false alarm (Pr), that is, the probability
that a random interference signal blip will be perceived by the operator to be
a target return,

Customarily these relations are contained in radar equipment operating and
servicing manuals in the form of detection curves, Figure 10.14 contains a

1 family of detection curves for pulse signals on a noise interference back-
ground [14]. One can determine the value of reliable detection coefficient
9°y from these or similar curves for a given false alarm probability value,
having specified the requisite detection probability value Pg,y. For such an
estimate it is necessary to determine in advance the number of accumulated
pulses during one detection N, which is equal to:

: F.9, : '
=0,7 ==, (10.15)
N T bny i :
where F, -- radar pulse repetition rate, Hz; n, -- antenna rotation rate, romj
QQ -— radar antenna radiation pattern width in a horizontal plane, °.
10 > "
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Figure 10.14. Detection Curves
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Figure 10,15, Effect of Jamming on Radar Detection Zone

Key:
1. Boundary of detection zone 3. Boundary of detection zone
without jamming under jamming conditions
2. Suppression zone 4, Radar nonsuppression zone

When ground radars are jammed by airborne jamming transmitters, each inter-
ference source, located at a distance of I, from the radar, creates within the
boundaries of the radar detection zone a region in which jamming coverage is
provided (radar suppression zone) for targets with a specified effective
reflecting area o, (Figure 10.15), The following expression is an equation
of the boundary o'% the area of jamming coverage in a polar coordinate sys-

tem:
4

e — ) .
Ho_t}m e 1/ PGy max a%uddy . (10.16)

TwPnGodle ncknoa® Fpalho

where [l g, -— range in meters to boundary of detection zone under conditions
of jamming with a detection probability Pggu,n and false alarm
probability Pj; )

qZHO —— coefficient of reliable detection for the same conditions as 'D'OﬁH as
P G . .
Wopniex. __
-—A’wllc =gpne -— spectral density of power radiated by radar, w /MHz;
P, -- power in radar pulse, watts; G, p.y —— maximum radar antenna directive
. gain; Afppc -- radar receiver passband, MHz;

P
ﬂllfnknwl =gy~ spei;!:{ral density of power radiated by jamming transmitter,
- w /Miz;
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P -- jamming transmitter power, watts; G -— jamming transmitter antenna
directive gain (average value within boundaries of radiation pattern width);
Ko == coefficient taking into account disparity between polarization of
jamming signal and signal reflected from target (kpgp=1 when polarization
coincides; kyy;n=0.5 with 1lincar polarization of reflected signal and cir-

. cular polarization of jamming signal); Afn -- Jamming frequency_spectrum

’ width, Hz; oy -~ effective reflecting area of covered target, m 3 iy~ range
from radar to jamming source (tramsmitter), m; k($yq) -— normalized radar
radiation pattern by field strength ina horizontag plane; b pn == angle be-
tween direction of radar radiation pattern maximum (at moment of target
detection) and direction to jamming source (Figure 10,15),

In expression (10.16) all quantities are constant for a given situation;
angle @pn (value k(@) in the formula) is the independent variable of the
quantity (argument), while quantity [lgg,,n is the current radius vector. For
given radars, jamming transmitter and target, the dimensions of the cover
zone are determined by the distance from the radar to the jamming trans-
mitter (ﬂn), whereby the size of the cover zone decreases with an increase

in 5.

To establish a cover zone with one jamming transmitter (or several sited at
approximately the same point), it is necessary to be able to go from angle
Ppn to value k(Ppp ). This can be accomplished most simply by having a
normalized radiation pattern in a horizontal plane, taken experimentally or
calculated from an approximate formula

29 \3 [}
eap[——o,?(-ﬁﬂ) ] éno; 0< Ppn < '2!‘
kn(?pn)= !

e 6 {10.17)
‘
k’(QGo“)xO,DG (;f;) s -% <%pm < 180°,
where 99 ~— width of radar antenna radiation pattern in a horizontal plane;
k2(<p5g, ) —- power level of side lobes with the boundaries of angles ¢ from
% o 180°. . ) .
|}
1
N . . . . . . , ) , ) 9u/%
& 5 q 3 2 ! ! 2 3 ¢ 5 ¢ ’
Figure 10.16. Normalized Radar Antenna Directional Response Pattern
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Figure 10,16 contains a normalized radar antenna radiation pattern plotted
according to formula (10.17), in relative units
(gel—'!-:ratios).

The minimum rarge up to which an ECM aircraft camn cover a target located in
the immediate vicinity of the jamming transmitter (that is, when 'amd;.".:j:{”

and ?,“:0) will be: .
Hog, u.mln':‘/ feacty . (10.18)

dngy - 4o

Expression (10.18) is the equation of a circle which constitutes the boundary
of a radar nonsuppression zone (Figure 10.15). In other worde. beginning with
range Jggy.n.min and closer to the radar, jamming transmitter eaergy (gx) is
insufficient to screen a target with an effective reflecting area of oy.
Within the circle Ryr=lggu.n,min» With jamming of density gn, in the worst
case for a radar —- coinciding of jamming transmitter and target -- detection
is possible with a probability greater than that for which calculation qZHO
was performed.

Finally, when jamming from several points in the radar's effective coverage
zone, detection range at a specified altitude for a target beyond the jamming
coverage zone will diminish somewhat due to the summary effect of the jamming
transmitters on the side lobes with a level kz(Qtfnk). In other words the
entire radar detection zone, if we consider the side lobe level beyond the
boundaries of the major lobe of the radar antenna constant, becomes somewhat
"compressed," as it were, This compression of the detection zome can be
taken into account by coefficient kg gy, which is equal to the ratio of detec-
tion range taking into account the summary effect of jamming on the side lobes
logy.n to maximum detection range at this altitude (Jpax) with equal probabili-
ty 'zor more precisely, with the same coefficient of reliable detection ‘121{0)~
The value of this coefficient is

4 )
Bosun (47:)’ﬂ|?lﬂminpm

(10.19)

k =

. A gnﬁGp maxk?(?ﬁox)le]Pﬂﬂ
where gpg —- overall jamming spectral density, calculated by effectiveness
for a transmitter at minimum range Iy min’ Puw —- internal noise power con-

verted to radar receiver input; k2(Pgax ) ~~ side lobe power level value.

gwp can be determined in turn for n transmitters located at distances ,ﬂ,”t and
each possessing power spcctral demsity gp; , With formula

. ”ﬂ min :
€y =8n + 2 &t (ﬂ_ml) . (10.20)

“le2
where g,; -- spectral density of jamming transmitter at minimum range ,amin
from the radar.

Now, having calculated coeffi:cient koo » OnE can delineate on a map or
diagram, knowing the radar detection zone without jamming, the boundary of the
detection zone with jamming for a given altitude and with a specified probabili-
ty, utilizing relation
216
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Zosa. n = Foxfosu.0.n- (10.21)

Thus estimate of the effect of jamming on the performance of ground detec-
tion and guidance radars should be performed as follows.

Analyzing ground radar jamming capabilities, one determines the areas from which
jamming may originate, taking into consideration ranges £y; and jamming
radiation power densities from these areas gg; . Then one calculates gpg with
formula (10,20), quantity koge with formuia (10.19), and Jggy, for flight
altitudes of interest with formula (10,21). The obtained ranges are utilized
in normal fashion for placing on the map (diagram) target detection limit

lines under conditions of jamming. Then one determines with formula (10,18)
radar nonsuppression zone radius Ryq for jamming level gng.

Finally, for a more thorough estimate of the effect of jamming from a given
area on a given radar, one can plot, utilizing expression (10.16), the
coverage areas of jamming transmitters within the boundaries of the radar
detection zone. It is more convenient to plot the coverage area with formula
(10.16), solved relative to kz(tPP,r):

. 2
gpactulln :
£ P S, (]0-22)
( pn) ‘“ganHO‘qgnn. [

specifying values g,  from Ry (Formula 10.18) to Do6n.n» calculated with
formula (10.21).

One calculates for each range with formula (10.22) the normalized radiation
pattern power value k2(@pw ), and one determines from the diagram (graphically)
or with formula (10,17) angle @py (Figure 10.16) for a given range. The points
of intersect:ion of range AO@H.H and corresponding angle ¢Ppy are the boundary

of the cover area, which can also be placed on a map or diagram (Figure 10.17),

// . Figure 10.17. Example of Es-
- . timate of Effect of Jamming on
/ﬁje ’T/ Radar System

_ .

Key:
Fgawuust 304 1. Boundaries of detection
OOHApyWoNUR @ noNexax . zones without jamming
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Chapter 11. ELECTROMAGNETIC COMPATIBILITY OF RADIO ELECTRONIC
EQUIPMENT

11.1. General Information on Electromagnetic Compatibility of Radio
Electronic Equipment

One of the problems arising with the operation of radio electronic equipment
(RES) is that of ensuring their compatible operation with other equipment which
produces interfering radio-ftéyuency emissions. The possibility of mutual
influence of RES is dictated by the fact that all such equipment, in spite of
a diversity of performed functions, utilizes circumterrestrial space as a
medium in which electromagnetic oscillations carrying essential information
are propagated. All methods of selection, that is, selecting from the entire
aggregate of electromagnetic oscillations radiated by various RES only those
- which carry information we require, are imperfect, As a consequence of this,
the bulk of the radiations of various RES penetrate into a receiving device
to one degree or another, and in the final analysis introduce distortions
- into the received information. It is quite obvious from this that under
conditions of a steady increase in quantity of RES in operation and the
limited capabilities of utilizing the radio-frequency spectrum, one of the
most critical problems today is that of ensuring compatible, simultaneous
and mutually independent operation of various radio electronic equipment;
It is called the problem of electromagnetic compatibility (EMS),

Electromagnetic compatibility is defined as securing the simultaneous opera-
tion of an aggregate of iadio electronic equipment, whereby the emissions
of any equipment in this aggregate do not disrupt the normal operation of
other equipment. Mutual interference in the output devices of radio
recelvers does not exceed allowable limits thereby [8].

Mutual radio interference between RES can occur both as a result of emission’
and reception on the principal frequencies of transmitter and receiver, and
due to the effect of principal, spurious and out~of-band emissions of
transmitting devices into the spurious and out-of-band reception channels

of radio receiving equipment [18, 19].

Under normal conditions radiation and reception are secured within the
boundaries of the requisite frequency bandwidth, which is defined as the
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minimum bandwidth sufficient in the given emission category to ensure trans-
mission of messages with the rate and quality required for radio electronic
equipment utilized under specified conditions. The middle of the designated
frequency band coincides with the frequency assigned to the given transmitter,
while its width is determined taking into account double the absolute allowable
frequency deviation,

Out-of-band emission is defined as a class of nonfundamental emissions in
frequency bands adjacent to the transmitter's required emission band. They
are caused by the process of modulation in the transmitter. This means that
modulation of principal emissions can be a useful process, essential for
transmission of information of a given type, or harmful, occurring with
parasitic batkground action, fluctuation noise, etc, Out-of-band receiving
channels affgct frequencies adjacent to the main channel, chiefly in the
form of cross interference and useful signal blocking.

Cross interference occurs in modulation of useful signal by the modulating
voltage of an interference signal, the carrier frequency of which lies outside
the receiver's passband. It occurs only when a useful signal is present,
which is a characteristic feature of this type of interference, and occurs
with interference signals which are strong in comparison with them.

Blocking of useful signal involves reduction in its level or in complete
suppression in the amplifier stages with the action of a very strong inter-
ference signal at a frequency outside the receivers passband.

Spurious emissions characterize a broad class of nonfundamental transmitter
emissions, the frequency and ievels of which are determined by nonlinear
processes which occur during the passage of high-frequency currents in these
devices, or by other high-frequency processes of a random nature. Spurious
emissions include the following: emissions at harmonics, emissions at sub-
harmonics, combination emissions, parasitic emissions, and intermodulation.

Emissions at harmonics are transmitter spurious emissions in bands which in-
clude frequencies which are multiples of the transmitter's basic transmitting
frequency. High-frequency stages operating with an angle of current flow

o . . s
@« 19"® uro zources of such harmonics in transmitters.

Emissions at subharmonics are viewed as transmitter spurious emissions in
frequency bands the values of which are a whole number of times less than the
value of the basic emission band frequencies, Some harmonics are character-
istic of tramsmitters in which frequency multipliers are employed for the
purpose of forming the principal emission at quartz-stabilized lower-frequency
oscillations. 1In spite of the fact that the resonant circuts at multiplier
output are tuned to higher frequencies than the input oscillation frequency,
in most cases it is not possible substantially to attenuate the subharmonic,
In estimating the harmful effect of this type of spurious emissions one must
bear in mind that oscillations at the output of multipliers are modulated

by subharmonic voltages both in amplitude and phase and that the number of
subharmonics increases with an increase in the number of multipliers.
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Combination emissions are spurious emissions occurring both at the transmitting
and receiving end of a radio 1ink. At the transmitting end they arise during
the formation of principal emission oscillations under the effect of nonlinear
transformations of auxiliary oscillations. Combination emissions at the

_ transmitting end are characteristic of a band transmitter, the driver of which
secures any operating wave from the grid of a discrete set of waves produced
by a system of band-quartz frequency stabilization.

At the recelving end combination spurious emission chamnels occur as a result
of interaction between the voltage of the interference signal and its
harmonics with the voltage of the local oscillatox and its harmonics in con-
formity with equation

piy i afy =fn|,.

where f -- frequency of combination receiving channel; f, -- local oscillator
frequency; p, q —— whole numbers 1, 2, 3 ...; fpy —— receiver intermediate
frequency.

The number of possible parasitic channels increases if the local oscillator
frequency in turn is formed by the combination method, that is, by adding the
frequencies of several primary oscillators and their repeated multiplying.

Tn this case the following frequencies can enter the mixer:

fr Foo it Fas 2fn %fs, 20+ 1F2)

All these frequencies and their harmonics, interacting with the frequencies
of the interference signals, can form the intermediate frequency.

, etc.

There is a particularly large number of combination channels in receivers with
poor preselector selectivity (for example, in receivers in which the received
signal is applied directly from the antenna array to the mixer).

Parasitic emissions apply to the group of spurious emissions which do not
involve the formation of carriers. In many cases they are due to random
causes, when self-excitation conditions are unintentionally met in a portion
of the circuitry and parasitic oscillations occur either simultaneously with
the main oscillations or during deexcitation. Most frequently parasitic
emissions are caused by the distributed nature of passive components in
oscillation circuits as well as by the formation of unintentional resonant
circuits (oscillation circuit components in combination with various circuit
reactive components).

Intermodulation emissions are spurious emissions occurring in a transmitter
under the effect of emissions from other transmitters., They are especially
intensive when there is a functional or structural link between simultaneous-
ly operating transmitters, such as when two or more transmitters are operat-
ing on a single antenna. The stronger the coupling between transmitters and
the greater their power, the more substantial the level of intermodulation
emissions can be. The greatest interference can be produced by oscillations
at summed and differeme frequencies close to the main frequency of one of the
transmitters. Often intermodulation emissions of the third order of magnitude
prove to be sufficiently strong, such as in the case of the simultaneous opera-
tion of three transm. :ters on one an;;%na when lZfl-f2]=f3.
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At the receiving end intermodulation channels arise as a result of inter-
action of the voltages of several interfering signals and their harmonics
with the voltage of the local oscillator and its harmonics in conformity
with expression

Mgy £ Asfyy Rgfys £ ... & 9, =Iny,

where nj, ng, ng, ..., q -~ whole numbers 1, 2, 3...

One feature of these spurious channels lies in the fact that they occur only
when there are two (or more) interference signals present at the mixer input
with levels sufficient for development of nonlinear properties of the cir-
cuit.

In order to eliminate interference caused by the above-enumerated factors, it
becomes necessary to take measures to ensure the electromagnetic compatibili-~
"ty of RES, Obviously in practice such measures involve analysis of combined
employment of RES and determination of conditions for interference-free opera-
tion by potentially incompatible equipment.

Potentially incompatible radio electronic equipment includes radio electronic
equipment which by frequency band, energy relationships and conditions of
simultaneous utilization can exert an interfering effect on one another,

In the most general statement of the problem, electromagnetic compatibility
can be viewed as a component part of the overall problem of ensuring the

noise immunity of a communications and RTO system, which includes protection
both against deliberate and nondeliberate interference of all types, including
from other simultanecusly operating radio electronic equipment. In connection
with this, from a quantitative standpoint the problem of electromagnetic com-
patibility reduces to finding an optimal correlation whereby expenditures

for technical execution of all elements of a communications and RTO system
which are acceptable from an economic standpoint provide adequate accuracy

of reproduction of useful information., Obviously the criterion of fidelity
can constitute such a synthesized indicator, a criterion which estimates
deviation of output message m from transmitted message y. In each individ-
ual instance, proceeding from the functional designation of the communications
and RTO system and the conditions of its operation, a specific criterion of
fidelity can be selected in the form:

0 = ? mH—-g*dt " standard deviation;
a .
. ‘ - .
ta0c = 2 fm () —y (B) 1t absolute deviation;
tax = maXI m (l) —Y ([) | -- maximum deviation.

With the above conditions the achieved level of interference immunity of a
communicatio1s and RTO system can be estimated by the quantitative level of
selected criterion of fidelity, that is,

Pup..'?"{'(f)“o}--‘ - (L1
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Probability of faithful reception of a transmitted communication will be
defined as the probability that the actual value of fidelity criterion &£ (t)
w111l not exceed the required £( value for a given communications and RTO sys-
tem. In light of the above, radio electronic equipment, including a com-
munications and RTO system as a whole, can be considered electromagnetically
compatible with other emission sources if they do not interfere with other
equipment and systems operating in a given electromagnetic environment

(EMO) of the area in question.

In a certain sense the electromagnetic environment for any communications
and RTO system is composed of sources of interference (their frequency and
energy radiation spectra) located at any point on earth. For practical
purposes, however, we consider as EMO components only those sources of
emissions which deliver sufficient energy to the location of radio receiving
equipment to affect the quality of reproduction of useful information.

In some instances the problem is simplified to an even greater extent, by
considering only the mutual influence of quite specific RES and systems. In
this sense the term electromagnetic compatibility can be given the follow-
ing definition. EMS is the state of a functional aggregate of RES whereby
the emissions of any of the equipment within this aggregate do not disrupt
the normal operation of other equipment in the group. Mutual interference is
either absent or its level at terminal device input does not lead to in-
tolerable distortions of transmitted useful information.

11.2. Method of Estimating Electromagnetic Compatibility of Radio Electronic
Equipment

In the most general form the problem of ensuring the electromagnetic com-
patibility of any communications and RTO system reduces to determining the fol-
lowing:

what emission sources can affect the criterion of fidelity of trans-
mission of information within the given system, and to what degree;

what effect is exerted by a given system on the radio receiving
equipment of other RES;

what measures mus. be taken to reduce these influences to a tolerable
level.

In conformity with the above-enumerated questioms, the method of estimating

the electromagnetic compatibility of radioelectronic equipment includes the
following three stages: estimate of the electromagnetic environment, determina-
tion of the degree of effect of sources of interfering emissions, and estimate
of the compatibility of radio electronic equipment. We shall examine the
sequence of performing these component parts of the overall method.

Estimate of the Electromagnetic Environment (EMO)

This stage of the method of evaluating electromagnetic compatibility includes
the following: preparatioa of a list of interfering emissions, determination
222
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of the frequemcy characteristics of the employed radio receiver equipment,
and determination of the frequenc; characteristics of sources of interfering
emissions. One then performs a comparative analysis of obtained frequency
characteristiés and estimates the degree of influence of sources of inter-
ference on the operation of the communications and RTO system being studied.

Preparation of a list of interfering emissions. This list contains all known
ground and airborne radio electronic equipment located in the siting area of
the communications and RTO system being examined. One should consider all
radio electronic equipment located at one's airfield and at neighboring air-
fields, as well as civilian communications system radio electronic equipment
(broadcasting stations, radio relay link stations, TV stations, etc) located
in this area and operating in a band ore order of magnitude higher and lower
than the assigned frequency band of the system being examined. The list may
also include nearby stationary sources of industrial interference.

The list should be prepared following the form illustrated in Table 11.1.

Table 11.1.

| Ao | 3, S| o 6
E u:trl?:uml;“ e Cpequan Ann Creundnye-
1 e Hanynennft enyemoft B by ® | ekne
€ | (ran yenosxoe | cHeTeMu, KM & HCTORHHKA
2. | ofosrauenne) HMHF::"“.
Key:
1. Serial number 4, Average power, db
2. Designation of source of 5., Assigned frequency band
interfering emissions (or for interfering source of
identifying symbol) emissions, MHz
3. Distance from system being 6. Specific data

examined, km

The column "Specific Data" specifies the emission class and data on modulation
of interfering signals (pulse duration, frequency, telegraphy rate, etc).

Determination of the frequency characteristics of radio electronic equipment
employed in the system being examined* (performed in relation to whether this
_ equipment has been assigned one frequency or a band of frequencies),

* Radio receiver frequency characteristic is defined as the relationship
between its maximum actual sensitivity and the frequency of signal applied to
the input terminals with tuning frequency unchanged.
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If a piece of equipment has one assigned frequency, the procedure of obtain-
ing the frequency characteristic is as follows:

a) the receiver is tuned to the assigned frequency and its maximum
actual sensitlvity 1s measured in the conventional manner at this frequency;
then the signal is set sequentially at -100 db, -80 db,- -60 db, -40 db, and
in each instance signal generator frequencies are determined (on both sides
of the authorized frequency); signal strength at receiver output is sought
as in measuring maximum actual semsitivity, that is, the generator frequency
is tuned for maximum signal at the receiver output;

b) measurements are performed for all levels in the entire frequency
band of interest to us and are entered in a table (Table 11.2).

Table 11.2
1] 2 3. 4
E‘. . YyscTeATENBHOCTD o -
; Yacrors, MMu| g "p,,“(,e,:é,z';,ﬂon'". ans 'lyezgc";:\g:au wnacca
<
!
Key:
1. Serial number 3. Sensitivity of receiver tuned
2, Frequency, MHz to authorized frequency, db

4, Receiver's sensitivity to the
given class of emission

Maximum actual receiver sensitivity is defined as the greatest of the
minimum interfering signal levels which should be applied to an antenna
equivalent simultaneously with the useful signal to the receiver's input
terminal to obtain at receiver output a signal-noise ratio resulting in
intolerable distortions uf the transmitted informat:lon.

A table (card) is made wp for each frequency band and then presented in the
form of a graph. If the ejuipment operates in a frequency band (continuous

or discrete frequencies), the frequency characteristic is obtained at three
frequencies: at mid-frequency in the band, and the 2 extreme frequencies in the
band., For receivers with discrete frequencies, additional measurements can
be taken at frequencies close or equal to the frequencies of potential sources
of interfering emissions.

Receiver susceptibility should also be measured at all frequencies of the
out-of-band and parasitic channels of sources of interfering emissions. The
interference signal frequeicy is set at the frequency of the secondary

channel being checked, and modulation ~- corresponding to the class of emission
of the interference source operating at this frequency. In conformity with
224
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this, susceptibility to interference should be characterized, in addition to
a quantitative value in decibels, by frequency and class of emission (for
example, 56 db, 153 MHz, Al).

We should note that for a comprehensive, objective appraisal of electromagnetic
compatibility of a communications and RTO system it is necessary to know the
susceptibility of receivers not only with a useful signal value close to ac-
tual sensitivity but also with change in level of useful signal throughout the
entire dynamic range of its possible values under actual operating conditions.
This is especially important when analyzing electromagnetic compatibility

for ground-aircraft communication links. Such characteristics should be ob-
tained for all parasitic reception channels with various types of modulation
of interfering signals.

Together with determining frequency characteristics, one should measure and
calculate the radiation patterns of the radio receiver antenna array (in a
horizontal and vertical plane -- for the principal receiving sectors in
directions of possible radio communication with aircraft).

Determination of frequency characteristics of sources of interfering emissions.
The following should be measured to obtain a frequency response curve: dis-
tribution of radiated power within the occupied frequency band, energy
spectrum of out-of-band emission, and spurious emissions.,

The frequency response curve of each source of interfering emissions is
measured throughout the entire radio frequency spectrum of interest to us
and is recorded in a form corresponding to Table 11,3,

Table 11.3
1 2 3 4 5
5.’ egce’.:x:::o;:a,r:; * na???::;::";:m- sauﬂ:g;:; no- Cnexrp
s HEOCHORHOTO HOCTb He GpegHefl | Moau! Hlllryiellll. H AvReRAR
H Ranyveqns, Mly uagzoTe, Ml
i ~
Key:
1. Serial number 3. Effective radiated power at
2. Average frequency of principal middle frequency, db
or secondary emission, MHz 4. Width of occupied emission
band, MHz

5. Emission spectrum

It is also convenient to draw a frequency response curve on a ribbon of
transparent materials separately for each band, on the same scale, along the
axis of frequencies as was done for the frequency response curve of the radio
receiver being examined.
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In addition to a frequency response curve for each source of interfering
emissions, one should determine the antenna radiation pattern separately

for each principal and spurious emission. For purposes of analysis, the fre-
quency response curves of sources of interfering emissions are sequentially
compared band by band with the frequency response curve of a receiver of that
same hand. Durlng comparison one determines the occupied frequency bands of
principal and spurious emissions of interference sources (by comparison with
the useful information receiving band). Results of the comparison are en-
tered in Table 11.4.

Table 11.4
l[g .
1 2 3 41 295 6| 7 Kosppuuwesr
: g% g YCHAEHHS AHTEHHE
Yacrora | YyscTeu- Saunma- | > e B HANDA BJCHHH,
ocroBnoro | renpnocrs | CPERNAS eman 58 | 23 | coenuusouten nepe-
WaR no- | (pocnpy- | YACTOTA | monoca =E 5B | gatumx n npHeMHHK,
609HOr0 |ymunaocth)| HETOUHHKA| uacTOT a8 52 2B
Kanana | yaugactore| MOMEX ucr;wel;‘uxa I E 2z
. f0| .
"p"h“‘?; Fil homB. | fq, MIa Ml EH gz n&vga;n;‘x;l'( wewsio-
& §5 emoft 9" mud
== = | cperemsY {NEPEAATHHK
Key:
1, Frequency of principal or 5. Radiated power of interference
parasitic receiving channel source, db
f1, MHz 6. Emission class of interference
2. Sensitivity (susceptibility) source
at frequency f1, db 7. Antenna gain in direction link-
3. Average frequency of inter- ing transmitter and receiver, db
ference source fp, MHz 8. Receiver
4. Interference source occupied 9. Interfering transmitter

frequency band, MHz

e s

One enters in the table all interference sources the frequency band of which
contains at least one frenuency from the receiver's frequency response curve,
that is, if there are at least minimal areas where the interference emission
band and reception band coincide. The evaluation of electromagnetic com-

- patibility is performed by means of sequential analysis of the frequency
channels listed in Table 11.4 along which interference sources can affect
transmission of useful information in the communications and RTO system.

This analysis is customarily called evaluation of duel situations.

One then groups channels by probability of simultaneous operation of inter-
ference sources and evaluates the simultaneous effect of a group of channels
on the communications and RTO system.

Analysis_of the obtained results makes it possible to reach a general conclu-
sion on whether the commurications and RTO system can operate normally in the

given electromagnetic environment. 296
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Determination of Degree of Effect of Sources of Interfering Emissions on
a Communications and RTO System

This part of the method is based on utilization of an analytical relation
which expresses the degree of influence of interference on the principal
criterion of effective operation of a communications and RTO system (fidelity
of information reception), determined by the energy and spectral parameters
characterizing the sources of interference and the distance between inter-
ference sources and system receiving equipment. One utilizes the following

equation: . )
Pop =Pyt Gat Gy = L,— B, (1.2)

where Prp —- transmitter signal power at the receiver antenna location site;

Pn -- average transmitter power; Gn -- transmitter antenna gain in the

direction of the receiver; Grnp —— receiver antenna gain in the direction of

the transmitter; L, —-- total losses in the communications and RTO system con-
nected with propagation of radio waves; 3 —-- coefficient expressing useful
signal attenuation as a consequence of inaccuracy and instability of receiver
and transmitter tuningfrequencies.

All quantities in-‘equation (11.2) are expressed in decibels.,

Quantities Pn, G, Grp are determined experimentally or are specified in

the equipment operating and servicing manuals. Calculation of quantity L.
presents the greatest difficulty, Available analytical expressions of cal-
culation of Lo are given for idealized conditions of propagation of radio
waves, for a smooth, ideal conducting surface, and with utilization of
isotropic radiators for communications. In an actual situation not omne of
these connections is observed to such an extent that it can be ignored. 1In
addition, actual conditions of propagation are not constant but depend on
season, time of day, and the electrical conductivity and dielectric constant
of the earth's surface.

In connection with the above, in practice one utilizes refined data of the
International Radio Consultative Committee, obtained on the basis of ex-
perimental studies being conducted in many countries, The graphs recommended
by the IRCC express the relationship between electromagnetic field strength
and distance to the transmitter for various wavelengths and conditions of
propagation,

Subsequently, utilizing the analytical expression available for a given
frequency band, we determine total losses L. for specified distance and wave-
length values. For example, in the frequency band below 10 MHz we utilize
expression .
L, =12,454201gf= E, (1L.3)

where f -— operating frequency; E -- field strength value for specified f and
R (determined from IRCC graphs), db.
The following expression is utilized for the band from 40 to 250 MHz:

L,=1585+4+20lgf=E. - (1r.4)
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for the band from 250 to 1000 MHz, under the condition of additional con-
sideration of the phenomenon of field attenuation as a consequence of wave
interference between the direct wave and wave reflected from the earth's
surface (Lobing phenomenon), the following expression is utilized:

Ly=L+L=2 lgf.;f'_i-l()lg (1 o= 3 — 2k cOS2),

where L. —- en-route losses under the condition of radio-wave propagation
in free space; Ly —— magnitude of losses caused by the Lobing phenomenon;
k and @ - coefficients determining the dependence of reflected wave in-

tensity at the receiving point on the mutual location of transmitter and
receiver and the electrical properties of the earth's surface: k=pD; Q=8+y;

o and y =-- modulus of reflection factor and reflection angle; & --— equivalent
earth's radius, which is expressed by the formula

T pptrs—r
RN bl S}
Quantity D is determined with the formula

D= [1 + ::;Z’¢ 1‘1‘ ,

(11.5)

where a —- earth's radius.

The remaining quantities are indicated in Figure 11.1.

Figure 11.1, Diagram i a Ground-Aircraft Communication Link for Determina-
tion of Lobing Phenomenou

For a final quantitative assessment of a duel situation within the framework
of a problem of electromajnetic compatibility, one can write the following
system of equations:

Pap:= Pn+ Gnt Gnp— Lo } . (11.6)

Poye= Pyt Gu + Oy~ Loy

where Pnw —- power of signal from interference-generating transmitter at

receiver antenna location point; Pv —- average power of interfering trans-

mitter; Gy -- interfering transmitter antenna gain in direction of recelver;
228
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Gam -— recelver antenna gain in direction of interfering transmitter; Loy --
total route losses from interfering transmitter to receiver of communications
and RTO system,

We ignore quantity B in our calculations, as it is small.

On the basis of equations (11.6), the equation for a duel situation will
have the following form:

Fop = Proa= (Pa—P,) + (Gy + Gy = Gy — Gpy) = (Lo — Ly). (11.7)

This equation should be considered the principal equation in the area of
electromagnetic compatibility.

The following standard problems can be solved with the described method of
calculating degree of effect of sources of interfering emissions on a com-
munications and RTO system:

a) determine the required distance of an interfering transmitter from
a communications and RTO system receiver ensuring a tolerable level of use-
ful information;

b) determine the required frequency separation between communications
and RTO system receiver and interfering transmitter frequencies in order to
ensure a specified accuracy of transmission of useful information;

c) determine the magnitude of error introduced into a message trans-—
mitted by a communications and RTO system by interfering radiation.

Estimate of Compatibility of Radio Electronic Equipment

This part of the method includes the following elements: selection of
criterion of fidelity, analysis of duel situations, and formulation of
operating cycles of all sources of interference emissions during a calendar
period.

Selection of fidelity criterion. It was stated above that there is presently

no uniform scientifically substantiated criterion of fidelity for all types

of information systems. The following criterion is the most commonly used in
R application to a communciations and RTO system:

- &
a6 =Ilm Y —y@)}d,

It characterizes the average value of absolute deviation obtained at the
output of a useful communication receiver from that message which is trans-
mitted by a communications and RTO system channel. Fidelity of transmission
will be estimated by the probability

pnepn =Pl < ).

Fidelity can be estimated with the following parameters:

a) for radio communications equipment -- number of incorrecctly received
words (symbols) at a specified rate of transmission;
229
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k4 b) for radio navigation and radar equipment -- error in measurement
of bearing or range when determining the coordinates of an aircraft or air-
field;

¢) for other special radio signal equipment -- correct transmission
and deciphering of signals,

istimation of the fidelity of message transmission ir communications and RTO

- systems under actual conditions of operation presents significant difficulties,
mdwuﬁmeme@%nugo%wﬂdﬁamnwtmcﬂ&ﬂmuﬂul@muw
ry conditions (utilizing various ground simulators). For determination of
fidelity characteristic, useful signal and interference signal are applied
simultaneously to the radio receiver input terminals through a matching
device. The magnitude of signals is established in such a manner as to ensure
various signal-noise ratios with different initial useful signal levels.

Initially one records a fidelity characteristic with interference with modula-
tion similar to that of the transmitted useful signal, and frequency equal

to the useful signal frequency. Then fidelity characteristics are taken with
interference and signal frequency difference Af, equal to the frequency
separation of adjacent channels.

The fidelity characteristic is taken in the following sequence:
useful signal level is set equal to the receiver's actual sensitivity;
the interference level is set by ¢ simulator or other means;

the following signal-noise ratios are set in sequence: 0.7, 0.3, 0,
-0.3, -0.7, -1, -1.3, -1,7, -2 db, and one measures the absolute deviation
of output signal value from the value established in the absence of inter-
ference;

a sufficient number of measurements is performed at each point for a
reliable statistical estimate of results, and average fidelity criterion
values are determined;

= the following usell signal levels are set: 0.3,0.7, 1, 1.3, 1.7, and 2 db
relative to the receive—'s actual sensitivity, and measurements analogous to
the above are taken;

a family of reception fidelity characteristic curves with a given type
_ of interference emission modulation is plotted from the results of the
measuremente,

Similar characteristic curves are plotted for other typical types of inter-
ference emission modulation., As an illustration we have presented a family of
fidelity characteristic curves for interference modulation corresponding to
the type of useful signal modulation for an interference and signal frequency
difference A f=0,7 MHz (Figure 11.2). Here parameter

UC
SRS e (db).
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Figure 11.2. Radio Receiver Fidelity Characteristic Curves for Various

Values of Parameter a for Interference Modulation Corresponding to the Type
of Useful Signal Modulation (Af=0,7 MHz)

Key:
1. Ratio of absolute value of 2. Signal-noise ratio, db
output signal to tolerable
value

Thus, having calculated the actual signal-noise ratio and knowing the type

of modulation and frequency of the signal and interference, one can deter-
mine with the fidelity characteristic curves the magnitude of error introduced
by the interference into a tramsmitted message,

Analysis of duel situations is performed on the basis of Table 11.4. It is
important thereby to estimate the aggregate effect of all sources of inter-
ference emissions on an operating receiver. In conformity with this one
groups channels by probability of simultaneous operation of interference
sources with communications and RTO channels in the bands of interest to us.
The following table is prepared for the purpose of analysis (Table 11.5).

Table 11.5
1| 2Anenesoum % 4 Pusnoom ‘ne snoToTHEM 7
- a CpeacTs, . ad, MFu 3anawsenne
E | Yyt | vehoa e
H B CHOTEME "”“f-:m' peessHaN nonyorHMEA vp;ooamtén
. orsisu 0 PTO, passes 5 6| pasHeo
-5 Ml no yasreve e wagrove
.
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Key to Table 11.5 (on preceding page):

1. Serial number 5. Actual frequency separation
2. Frequency bands of equipment 6. Allowable frequency separa-
operating in communications tion
and RTO system, MHz 7. Conclusion on satisfaction of
3, Frequency bands of inter- electromagnetic compatibility
fering emissions, MHz requirements
4. Frequency spacings in bands,
MHz

On the basis of iLhe data in Table 11.5 a conclusion is reached on whether

a communications and RTO system can function normally in the given
electromagnetic environment. If necessary, measures are elaborated which are
aimed at diminishing the effect of interfering emissions on the fidelity of
transmitted messages.

¥ 3 Bpemn cymok Komburndued %gg‘ 5
P3¢\ oo oo 05 08 w0 12 1o 16 B . 24|l BPSC L
2 | . ,
/ 1-4-6-9-1_| a1
7 756104 _| 02
3 11 g % So-6-104 | Q1
s | | 2-3-4-6-104/ | Q1
5 | . Aoz4-7-6-1 | a1
- %% : Fe7-0-1_| 43
7 || %Y N 3-4-7-9-41_| a1
8 V/
9 %Y A
w | 4
II_VYAiA %

Figure 11.3. Tllustrative Graph of Operating Cycles of Utilized Radio
Electronic Equipment

Key:
1., Piece of equipmeut number 4., Combinations of radio
2, As listed electronic equipment
3, Time of day 5. Probability of simultaneous

operation

Listing of operating cycles of all sources of interference emissions during

a calendar period, They are drawn up for the purpose of determining the
probability of simultaneous operation of sources of interfering emissions with
radio electronic equipment in an operating communications and RTO system.

Figure 11.3 contains a sample graph of operating cycles of utilized radio
electronic equipment.
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Probability of simultaneous operation is calculated for various combinations
of equipment as a ratio of the period of time when this combination is
operating simultaneously with a communications and RTO system to this sys-
tem's total operating cycle, After this one experimentally determines in a
quantitative expression the effect of designated equipment combinations on
fidelity of transmission of information in a communications and RTO system.
The signal level of each piece of equipment as applied across the receiver in-
put terminals is established in conformity with prior-performed calculations.

In conclusion, one estimates the overall probability of various levels of

diminished equipment operating efficiency over the course of a 24-hour
period.
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Appendix 1.

COMMUNICATIONS AND RADIO-RADAR SUPPORT SERVICES SYMBOLS

Communications and RTO Facilities

a

1o

S
=

(3
33)
§

By

Communications center,

Radio receiving center

Radio receiving center set up in a shelter
(protected)

Radio receiving vehicle

Radio transmitting center

Radio transmitting center set up in a shelter

Radio monitoring station

Technical monitoring station

Telegraph station

Communications equipment vehicle
Communications and RTO reserve personnel

and equipment

Mobile radio set
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(& & o

<7

L
S

J

oZe
AL
A

P

Portable radio set

Tank radio set

Two radio sets carried in a tank
Communications ship (craft)

Airborne radio set

Radio relay aircraft

Truck-mounted radio set

Radio set carried on armored personnel
carrier

Stationary radio transmitter

Radio set with power amplification unit
Relay facilities:

VHF-UHF

HF

Tropospheric and ionospheric communications
station
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A Radio link

> B

[} B

Radio net

Television transmitter

Television receiver

Radio relay communication facilities

Mobile radio relay station

Stationary radio relay station

Radio relay station with omnidirectional
antenna

Radio relay station -~ one terminal set

Radio relay communications link

Portable radio relay station

Designation of radio relay station channels:
triangle -~ telephone; line with dot ~--
telegraph.

eSS st
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Radio technical equipment

Multichannel radio relay station
Radar station
Stationary radar station

Radar altimeter
Type OSP precision approach radar
system:

mobile

stationary

i

Precision approach radar system (type
SP-50)

Combined instrument landing system
(0SP with KGG)

Combined instrument landing system
(0OSP with RSP and KGG)

Combined instrument landing system
(OSP with RSP)
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Terminal area radio navigation system
station

Pulse radio beacon

Localizer-glideslope group

Localizer beacon

Glideslope transmitter

Marker beacon

Mobile omni system station

Truck-mounted omni system station

Helicopter-mounted omni navigation

system station

Mobile nondirectional beacon

Truck-mounted nondirectional beacon

Airborne nondirectional beacon

Stationary nondirectional beacon

238

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

FOR OFFICIAL USE ONLY

Compass locater

Light beacon

Searchlight station

Long-range radio navigation system
station

Radio technical observation and
communications post

Weather station

Radar post

Telegraph and telephone equipment
Telegraph equipment:

start-stop

facsimile

Single-channel audio frequency telegraphy
equipment (indicate type of equipment in-

side box)

Multichannel audio frequency telegraphy

equipment

Midpoint telegraphy

Telephone set

Telecode communications

Signal-code communications
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[:::] Lol Telephone switchboard, lime con-
centrator (specify type of switch-
board, line concentrator inside box)

!{ES ’ Single-channel high-frequency telephony

. equipment
Multichannel high-frequency telephony

INNN/NN/G
terminal equipment

) [: :] High-frequency telephony intermediate

equipment

Channel separation equipment

Multichannel audio frequency telegraphy
equipment connected into a high~frequency
telephone channel

Low-frequency telephone amplifier
(intermediate)

Test station (place number inside box)

v z Telephone monitoring post

Amplifier stations:

manned
unmanned

Terminal loudspeaker

Multichannel interphone headset equipment

O
_@__
D

1

Headset
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Communication lines

Two-conductor field cable line

Cable crossover

Mast crossover

Four-way branch box on permanent over-
head communication lines

Branch box on permanent overhead com-—
munication lines

Permanent cable laid in buried conduit

Underground (underwater) cable

Cable distribution box

Cable box
Junction box
Cable manhole

Courier-postal service centers and
stations

) .Effj Courier-postal service center
<3

Courier-postal service station

Courier-postal service center exchange point

Car or truck
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Motorcycle

g Liaison aircraft
1

i Liaison helicopter
' A .’-

Runner

Landing site

242
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000200030006-0

Appendix 2.

FOR OFFICIAL USE ONLY

SOME UNIVERSAL CONSTANTS
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Appendix 2 on preceding page:

Constant

Symbol

Value of constant

Unit of measurement
Physical constants

Speed of light in a vacuum
Acceleration of gravity
Normal atmospheric pressure
Elementary charge

Rest mass of electron

Rest mass of neutron

Rest mass of proton
Boltzmann constant
Magnetic constant

Electric constant

244

16.
17.
18.
19.
20.
21.
22,
23.
24,

26,
217.
28.

29.

Pianck constant

Electron specific charge
Orbital velocity

Escape velocity
Astronomlical constants
Average radius of the earth
Average density of the earth
Mass of the earth

Radius of the sun

Mass of the sun

Radius of the moon

Mass of the moon

Average distance from earth
to sun

Distance from earth to moon
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Appendix 3., SOME DATES FROM THE HISTORY OF DEVELOPMENT AND UTILIZATION OF
COMMUNICATIONS AND RADIO-RADAR SUPPORT SERVICES EQUIPMENT

Essence of Development in Field Authors Date

of Communications and RTO 1 2 3
Discovery of radio A, S. Popov 7 May 1895
First radio telegraph communica- A. S. Popov with July 1899
tions between balloon and ground the participation of]

P. N. Rybkin and D.
B S, Troitskiy ‘
Development and adoption of N. D. Papaleksi 1903

radio direction finders
Construction of first Soviet A, I. Kovalenkov 1921

airborne electron tube radio-
telegraph transmitter, AK-21

AR-23 improved airborne radio A. I. Kovalenkov 1923
transmitter built
Development of single-com~ A, I. Kovalenkov 1923

mutatcr airborne generator, wind
turbine powered

Airborne radio receiver developed { A. V. Panov 1924
AKP airborne radio set built and A, I. Kovalenkov 1924
utilized for communications and A, V. Panov

Airborne radio direction finder N. A, Korbanskiy 1926
developed and utilized

Airborne radio sets developed Industry engineers }1926

and utilized for communications:
138 (for bombers), 14S (for ar-
tillery observers), and 15S (for
fighters)

3D, 4D, and 11D ground radio sets Industry engineers 11926
developed and utilized for com-
munications with aircraft
Direction-finding radio beacon N. A. Korbanskiy, 1930
developed and utilized L. Ye. Shtillerman,
I. K. Sadovskiy, V.
I. Bazhenov, A. N,
Plemyannikov
Improved airborne radio sets Industry engineers 1931
built and utilized: 11SK (for
heavy bombers), 13SK (for light
bombers), 14SK (for artillery
observers), and 155K (for
fighters)

11AK and 11AKM ground radio trans- Industry engineers }931
ceivers built and utilized for

communications with aircraft .
Radio aircraft instrument landing | N. A, Korbanskiy; 16 October 1932
system developed and utilized tested by pilot
G. F. Baydukov
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1 2 3

RSVS-1 command radio transceiver I. S. Ryabov 1936
_ developed and utilized on long-

range bombers

Improved airborne radio trans- Industry engineers 1938

ceivers developed and utilized

for communications: RSI-3 and RSI-

4 (for fighters), RSR-1 (for recon-

naissance aircraft), RSB-bis and

RSB-Mbis (for bombers)

Ground radio transceivers developed| Same 1938

and utilized for communications

with aircraft: RAT, RAF-KD, RAF-KV

and RSB-F

RPK-2 airborne radio compass and Same 1938

PAR ground nondirectional radio

beacon developed and utilized

"Redut!! first Soviet radar, built |B. A. Vvedenskiy, 1939
Yu. B. Kobzarev
"Pegmatit" improved ground radar Yu. B. Kobzarev, 1941
developed P. A. Pogorelko,
N. Ya. Chernetsov,
: Yu. K. Korovin
"Gneys-2" airborne detection radar Industry engineers 1941
developed and first utilized
PS-6 light beacon developed and Same 1941
utilized
PM-9 light beacon developed and Same 1943
utilized
Improved radio equipment developed Same 1943

and utilized for communications:
RSI-3M1 (transmitter), RSI-6M and
RSI-6MU (for fighters), RSR-2bis
(for reconnaissance aircraft), and
RSB-3bis (for bombers)

RV-2 (low altitudes) and RV-10 Industry engineers 1942-1943
(high altitudes) radio alcimeters
developed and utilized

Ground radio transceivers developed Same 1943
and utilized for communications
with aircraft: RAF-KV-3, RAF-KV-4,
RAT-44, RSBF-3, and RUK-42 mobile
communications center

RSIU-1, RSVS-5 and RSIU-2 airborne Same 1943
VHF transceivers developed and

utilized

"pchela" high-power homing stations Same 1943

carried in railroad cars, developed
and utilized
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1 2 3

RPKO-2 (for multiseat aircraft) and Same 1943
RPKO-10 (for single-seater aircraft
airborne radio compasses and PAR-3
and MPAR ground homing stations
developed

PKV-43 and 55-PK-3A (modernized Same 1943
combined~arms radio direction
finder) ground radio direction
finders developed and utilized

-

RST-1 radio teleprinter equipment §Team of engineers 1944
"developed and utilized under the direction

of I, M, Malev
"Signal" radio relay station Same 1944
developed and utilized for ground
communications
RAP-150 radar-directed searchlight }Industry engineers 1944

stations developed and utilized in
the antiaircraft illuminating
service system

Mirror attachments for the PM-9 Same 1945
light beacon developed and utilized
for daylight operations
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