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CHAPTER 1: CONSTRUCTION OF RURAL TELEPHONE NETWORKS AND THE ORGANIZATIONAL
PRINCIPLES OF INTERNAL PRODUCTION COMMUNICATIONS

[Téx17 Rural Telephone Network Design Principles

"The communications in a rural area is the system of electrical communications

for a rural administrative region, for the organization of which a network of
lines a communications channels is created, which are the lowest link in the
primary network of the Uniform Automated Communications Network of the country.

Included in the STS [rural telephone network] is the technical equipment for
the telephone installations of the regional center, regionally subordinated
cities, settlements of a city type and rural populated points. The telephone
networks of isolated cities of an oblast' (or kray) subordination (which are
not regional centers), located in a rural area, and the administrative, pro-
duction and departmental telephone networks are not incorporated into the

STS complement.

The automation of rural telephone communications should be realized by means
of utilizing the rural, crossbar system automatic telephone exchanges, prior
to the development and production of more refined automatic telephone exchange
systems. City ATS's [automatic telephone exchanges] of the ATSK type [cross-
bar automatic telephone exchange] should be used in the telephone networks of
regional centers, the capacity of which in the long term will exceed three to
four thousand numbers. It is not recommended that the ten step equipment be
used on the new networks of the type indicated here which are being built.




City telephone exchange communications for cities of an oblast' (or kray) sub-
ordination which are not regional centers, should be realized with the STS's
through the zonal telephone network. UPATS [institutional-production auto-
matic telephone exchanges] (or rural ATS's) which are connected into the cen-
tral or junction STS exchanges should be used for institutional-production
telephone networks (UPTS's) located in a rural area.

STS telephone exchanges are broken down into the following types:

—-— A central exchange (TsS), located at the regional center, is at the same
time a city telephone exchange for the regiomal center. Connected into
the TsS are the US [junction center] junction lines (for a two stage cir-
cuit configuration), and the junction lines of the 0S's [terminal exchanges]
for a one stage circuit configuration;

-- Junction centers (US's), located at any populated point in the rural region.
The TsS and OS junction lines are connected into the US;

-- Terminal exchanges (0S's), located at any populated point in the rural re-
gion. The 0S junction lines (depending on the network circuit configurat-
ion) are connected into the TsS or US.

Used in the STS is either a radial configuration, in which the rural terminal
telephone exchanges are directly connected to the telephone exchange of the
regional center, or a radial-junction configuration, in which the rural ter-
minal telephone exchanges are connected to the junction centers, which in
turn, are connected to the central telephone exchange at the regional center.
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Figure 1.1. Rural telephone network configuration.

Key: 1. To the MIS (or AMTS) [Long distance telephone exchange (or
automatic long distance telephone exchange)];
2. Conventional symbols; 3. Central telephone exchange (TsS);
4. Junction telephone center (US); 5. Terminal telephone ex-
change (0S); 6. Subscriber point.
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Depending on the circuit configuration, various numbers of communications
stages are formed in the STS between the telephone exchanges (Figure 1.1).

In the case of a single stage circuit configuration, when the terminal tele-
phone exchange is directly connected to the central exchange, terminal ex-
change communications with the central exchange is realized through two
stages (0S - US, and US - TsS).

A single stage circuit configuration for the STS assures minimum attenuation
simplifies the exchange equipment and speeds up the process of establishing
the connections. For this reason, the use of the single stage configuration
in a STS is the one most to be preferred and the most promising.

The two-stage STS configuration, in which part of the rural telephone exchan-
. 8es are junction centers, should be used only when the conditions are expedi-
ent in an engineering and economic sense for setting up junctionms.

Provisions can be made for the organization of cross communications where the
conditions are quite attractive, and there is the corresponding technical and
economic basis at the levels of the junction and terminal (ATS K-100/2000 and
the modernized ATS K-50/200) exchanges of the crossbar and new automatic tele-
phone exchange systems which are being developed.

1.2. The Organizational Principles for Internal Production Communications

Internal production communications (VPS) are intended for assuring the effici-
ent organization of agricultural production. VPS is created based on the use
of a complex of communications equipment and installations, which are inten-
ded for the organization of:

—— Internal production telephone communications (VPTS);
—— Dispatcher control communications, provided for by hard wire and radio
equipment.

Additionally, the following can be organized in the VPS complement:

—— The transmission of information of a technological nature;
—— Managerial communications;
-— Personnel search public address radio installations.

The circuit for the organization of the internal production communications
of agricultural enterprises is shown in Figure 1.2,

Internal production telephone communications (VPTS) is based on the
utilization of the general usage rural telephone communications network (with-
in the limits of the agricultural facility); a provision is made for the abili-
ty to limit the right of output from internal production telephone communica-
tions facilities to the general usage telephone communications network.
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Figure 1.2. Circuit showing the organization of internal production
communications for agricultural enterprises.

Key: 1. Circuit showing the organization of kolkhoz and sovkhoz in-
ternal production communications; 2. Type of communications;
3. Regional center communications junction; 4. Communications
junction of the agricultural facility; 5. Dispatcher station;
6. Management; 7. Production; 8. Communications station;

9. Management; 10. Production; 11. Internal production tele-
phone communications; 12. Dispatcher telephone communications;
13. Documentation and technological communications; 14. Public
address radio installation; 15. Managerial communications;

16. Dispatcher communications; 17. TKMS, the local communications
telephone complex; 18. KD, controlled terminal set; 19. TsRS,
central radio station; 20. ARS, subscriber radio station;

21. SRS, fixed radio station; 22. ARS; 23. Central farm area;
24, Division (or brigade).

GU = Party line station; G = PA loudspeakers; DK = Monitor
transducers.

Depending on local conditions, the size of the territory of the facility, the
number of populated points included in it, the number of inhabitants in them
and the telephone density, which determine the structure of the general usage
telephone network, the following organizational methods are provided for the
VPTS of kolkhozes and sovkhozes:



—- Handling the telephone communications of a kolkhoz or sovkhoz with one
rural ATS;

~=- Handling the telephone communications of a kolkhoz or sovkhoz with several
rural ATS's, forming a telephone center;

-- Handling the telephone communications of several kolkhozes or sovkhozes

with one rural ATS (for small facilities, which have no developmental pros-
pects).

Where it is technically and economically expedient, a provision is made for
the use of party lines (GU), incorporated into the rural ATS's, for all the
methods of kolkhoz and sovkhoz telephone installation.

Local communications telephone complexes (TKMS's) and subscriber line multi-
plexing equipment can be used on the subscriber lines of production facilities
(independently of the right of output to the general usage telephone network).

A provision is made for the joint utilization of the individual VPTS subscri-
ber lines, which do not have the right of output to the general usage telephone
communications network, for internal production, dispatcher control and loud-
speaker (intercom) communications by means of a special switchboard unit.

Dispatcher control communications are intended for providing operational
instructional communications (including intercom and public address communica-
tions) when introducing dispatcher control into agricultural enterprises. In
the overall organization of internal production communications, hard wire dis-
patcher control telephone communications are, as a rule, organized in those fa-
cilities, the telephone communications of which are serviced by one or several
rural ATS's. If the ATS is located in another facility, then the dispatcher
control communications are organized by using radio communications equipment

or installing a dispatcher switchboard.

Hard wire dispatcher telephone communications is realized through a dispatcher
communications switchboard, installed in the office (administration) building
of the kolkhoz or sovkhoz. It is also desirable to install the rural ATS ser-
vicing the particular facility in the same building.

Brought into the dispatcher communications switchboard are:

—- Inependent dispatcher communications lines (channels);

—— Lines used jointly for dispatcher and internal production telephone com-
munications;

-— Junction lines to the ATS servicing the facility;
-~ Lines to the central exchange;
-- Lines to the central radioc station of the facility (TsRS).

The independent dispatcher communications lines are intended for connecting
the most important subscribers and production facilities located within the
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bounds of the central farm or which do not have central battery ATS sets, as
well as temporary field facilities to local battery type sets.

The lines employed jointly for dispatcher and internal production telephone
communications are intended for connecting the production facilities of divi-
sions or brigades which are distant from the central farm settlement (only
individual lines of production facilities which do not have the right of out-
put to the general usage telephone communications network can be used for this
purpose.

The junction lines to the rural ATS provide for the ability of the dispatcher
(operator) to make a connection from the dispatcher communications switch-
board to the VPTS network [internal production communications network] and to
the general usage telephone communications network. Dispatcher telephone com-
munications with production facilities of divisions (or brigades) where a GU
[party line station] (or 0S [terminal exchange]) is installed are organized
via a separate communications line (or channel), used both for dispatcher com-
munications and VPTS. If it is impossible to make a separate line (or channel)
available, then communications between these facilities and the dispatcher
(operator) is organized through the rural ATS, which provides for the inter-
nal production telephone communications of the facility.

The communications of VPTS network subscribers, who have the right of output
to the switched EASS [uniform automated communications network] telephone net-
work, with the dispatcher (or operator) are provided only through the rural
ATS which handles the telephone communications of the particular facility.

Dispatcher radiotelephone communications (DRS) is organized with moving, dif-.
ficultly accessible and remote production facilities, and where necessary,
with divisions (or brigades). Provisions are made for two DRS network configu-
ration variants: radial and radial-cluster.

A radial network configuration is used in facilities where the production faci-
lity requires communications only with the dispatcher (or with the central ra-
dio station of the facility: the TsRS), while a radial-cluster configuration

is large scale facilities. The radio stations are installed both in mobile
units (subscriber radio stations, ARS's), and in division offices (fixed radio
stations, SRS's), and in this case, a provision is made for tying the product-
ion facilities into not just the dispatcher of the farm facility, but also to
the dispatcher-informant of his own division. A provision is made as well for
specialists of the division (brigade) to use use portable radio sets.

Where it is necessary to increase the communications range in a set direction,
or communications must be organized in a limited territory which is not con-
tiguous with the main territory of the facility, an individual, remote fixed
radio station having a junction wire communications line to the dispatcher
board is used, or an individual radio communications link is organized for
that direction.

All radio stations of the DRS network operate in one simplex channel. Com-
munications in the network is realized using a general audio call where the

requisite subscriber is called "by voice".
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The organization of a DRS is accomplished using radio frequencies designated
in a set order by the local organs of the State Electrical Communications
Inspectorate. Predominantly used for these purposes are radio frequencies
in the 33 to 46 MHz and 57 to 57.5 MHZ, as well as the 1.6 to 2.0 MHz bands.

The transmission of information of a technological nature is pro-
vided for to remotely monitor production processes in agriculture by means of
remote control, telemetry and remote signaling, i.e. the use of remote control
equipment which makes it possible to meter, record and transmit information
in a form convenient for operational production control.

The transmission network for information of a technological nature consists

of one dispatcher terminal set (DP), controlled terminal sets (KP), monitor
transducers (DK) and lines connecting them together. Signals coming from

the DK's, which are located at the production facilities of the divisions

(or brigades), are picked up by the KP's, transmitted to the DP and registered
on the remote control panel, installed in the dispatcher facility.

The lines from all controlled terminal sets and those monitor transducers
which are located at the production facilities within the bounds of the cen-
tral farm settlement are connected directly to the dispatcher terminal set.
The lines from the remaining monitor transducers, located at facilities in
departments (or brigades) are brought directly into the corresponding control-
led terminal sets.

For controlled terminal set communications with a dispatcher terminal, the
line installations of the STS are used. In this case, the communications
are realized in the following manner:

-— If the facility is serviced by several telephone exchanges and the com—
munications between them are realized via channels formed by multiplexing
equipment, then isolated high frequency channels are used for transmitting
the remote control signals, and individual physical circuits are separated
out for audio frequency communications;

-— If the facility is serviced by one telephone exchange without a party line,
or with a party line, then for controlled terminal set communications with
the dispatcher terminal, either physical circuits or high frequency multi-
Plex channels which are organized on the subscriber lines are used.

Individual physical circuits are used for monitor transducer communications
with a controlled terminal set or dispatcher terminal.

The transmission of technological information signals can be realized via
cable and overhead air lines with the utilization of standard audio frequency
(0.3 - 3.4 KHz) and high frequency rural telephone communications channels,
The following signals can be transmitted via physical, balanced audio fre-
quency circuits, which are made available for the purposes of remote control,
and are placed on one cable or one open air communications line section:

—— DC at a voltage no higher than 60 V with a pulse width of no less than
40 msec;
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~- AC in a passband of 0.3 - 3.4 KHz at a voltage of no more than 12 V.

For transmitting remote control, remote monitoring and telemetry signals via
high frequency channels, the permissible levels of the AC signals should not
exceed the levels of the standard signals fed to the HF input of the equipment.

No provision is made for transmitting DC signals via HF channels.

Managerial communications can be organized at large scale and average
sized kolkhozes and sovkhozes for operational communications between the faci-
lity manager and the main specialists, departments and offices of the facility.

Radio public address personnel search communications are provided
at the large scale production facilities of kolkhozes and sovkhozes (machi-
nery yards, grain threshing areas, etc.) to search for and notify a set cir-
cle of personnel by means of loudspeakers, Both independent lines and secon-
dary multiplex channels of radio links (with the condition that the multi-
plexing does not influence the use of these links for broadcast purposes)

can be used as line units for public address communications.,

1.3. Rural Telephone Network Numbering Schemes
General Considerations

The decisive factor determining the choice of the numbering scheme is the
capacity of the telephone network. The capacity of an STS [rural telephone
network] is defined as the number of telephones: for general use (for the
home and the national economy), for kolkhoz and sovkhoz ATS's, and telephones
for agency ATS's, from which one can make an outside connection. Also be-
longing to the STS are subscribers of the regional center, city and working
settlements of a regional subordination!.

Rural telephone networks have a number of specific features which influence
the choice of the numeration scheme.

1. The significant number of independent populated points scattered over a
large territory.

2. The significant predominance of internal exchange messages at the indivi-
dual points over external ones (interexchange ones). This is explained by
the fact that in the initial period of STS development, with a relatively
low telephone density, rural communications are primarily the internal pro-
duction communications of the kolkhozes and sovkhozes.

3. The predominance in external message traffic of interchange with the
regional exchange, where the party, soviet and other supervisory organs are
concentrated.

1 A five place numeration scheme has been adopted for STS's in accordance
with the proposed final long range capacity of the networks.
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4. The predominance of low capacity telephone exchanges (up to 100 numbers)
especially during the initial stage of the development ahd automation of tele~
phone communications for rural regions.

5. A radial-junction network configuration, where connections from subscriber
to subscriber can pass through a large number of exchanges (0S - US - TsS -
US - 0S).

Two basic types of numbering schemes can be used in telephone networks:
closed (the subscriber is called by dialing the same number of digits, in-
dependently of the location of the calling point); and open (the subscriber
is assigned a number with a differing number of digits, depending on from
where he is called).

Preference is to be given to an open numbering scheme in the initial stage
of STS development, within the bounds of the individual rural exchanges:

a numbering scheme of two to five numbers, and for interexchange traffic:
a five digit numbering scheme. In the regional center, where a relatively
large capacity exchange is installed, it is expedient to have five digit
numeration right away.

The practical capacity of a numeration scheme, i.e. the number of telephones
which can be connected into the telephone network is less than the theoreti-
cal, since part of the digit combinations are used for abbreviating the num-—
bers of special services (00 - 09) and output to intercity telephone exchan-
ges in the case of automated intercity communications (digit 8), while part
of the number groups is not used completely; as a consequence of this, more
than 20% of the subscriber numbering scheme is lost. Additionally, for ATS's
with a capacity less than 100 numbers, an entire hundreds number group is

set aside in the numbering scheme, and for ATS's of less than 1,000 numbers,
and entire thousands group is set aside, etc. These losses in the numeration
capacity are explained only by the fact that they are indispensable in a ten
step ATS system with direct control, but also by the fact that it is always
necessary to reserve a certain number capacity to expand the ATS in the future.

In planning the numbering scheme on rural networks, the effective utilization
factor for the numeration is assumed to be roughly 0.3 - 0.4. With a growth
in the capacity of the individual ATS's, the utilization factor for the numer-
ation increases, and for long range planning, the utilization factor for the
numeration can be 0.6.

The automatic equipment system being employed is of considerable importance
in working out the numbering scheme for rural telephone networks. Crossbar
(sending) ATS systems, where necessary, suppress superfluous or repeat cer-
tain digits in the number. These systems make it possible to select at each
stage in the development of the network, independently of the network circuit
configuration, the most expedient numeration scheme for the specific condi-
tions. In systems with direct control, the choice of the numbering scheme
depends to a large extent on the circuit configuration of the particular
rural telephone network.




Closed Numeration

Closed, five digit numeration is used in a STS if the following conditions
are observed:

1. A large telephone density; high capacity exchanges are installed at popu-
lated points, for example, of the ATS K~100/2000 type, and the numeration
within the exchange differs only insignificantly from the interexchange numer-
ation.

2. Interexchange communications predominates over local communications.

3. The preponderant number of exchanges in the network, based on their techni-
cal capabilities, permit the use of five digit numeration (terminal exchanges
and junction centers of the ATS K-100/2000 type and ATS K-50/200-M type when
the three digit registers are replaced by five digit ones; central exchanges
of the ATS K-100/2000 type).

In the case of closed numeration, calling up the regional center special ser-
vices, including long distance exchange call order services, is accomplished
by all subscribers by dialing the abbreviated numbers 00 -~ 09, while ouput

to the automatic long distance exchange is accomplished by dialing the index
8. All digits besides 0 and 8 can be used as the first digits of the five
digit subscriber numbers. In this case, the overall theoretical capacity of
the network is 80,000 numbers, while practically, no more than 30,000 tele-
phones may be connected into the telephone network (with the final long term
growth of the network up to 60,000 telephones).

Open Numeration with the Output Trunk Code

The following variations of open numeration with the output trunk code are
used:

1. For communications within its own junction region, the five digit number
is dialed without the trunk output index code, while in the case of communi-
cations through the central exchange, the trunk output code to the central
exchange, the number 0, is dialed before the five digit number. Special ser-
vices of the regional center are called by the central exchange subscribers
by dialing two digit numbers, 00 - 09, and by subscribers of the remaining
regional ATS's, by dialing three digit numbers, X00 - X09, where X is a single
digit code. The number of junction centers in this is determined depending
on the type of terminal ATS's. It is necessary to assign each junction its
own first digit for the five digit number, different from that of the other
junctions. Consequently, the number of junction regions should not exceed
the number of first number digits, provided for at the terminal exchange for
calling up the junction center.

Shown in Table 1.1 are the abbreviated subscriber numbers and first digits
of the ATS codes, for which the rural exchange circuits are designed.
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Table 1.1. Numeration Schemes for Rural Automatic Telephone Exchanges

Abbreviated Code of the Output First Digits of the

ATS Type and Capacity Subscriber  Trunk to: Call-up Numbers:
Numbers TsS MTS US 0S

Terminal, relay ATS, _ _ 1-3 _
VRS-20M for 20 Nos.  *07>° 0 6 -9
Unit, relay, terminal 10-49 0 - 6 -9 -

| ATS-10/40 for 40 No

| Ten step, terminal 10-59 0 - 7-5 -
ATS 50/100 for 50 Nos.
Ten step, junction 10-59 0 - - 60-99
ATS-50/100 for 50 Nos.
Ten step, junction 10-89 0 - - 90-99
ATS-50/100 for 80 Nos.
Ten step, terminal 200-699 0 - 7-9 -
ATS-100/500 for 500 Nos.
Ten step, junction 200~-699 0 - - 7-9
ATS-100/500 for 500 Nos.
Ten step, central 200-699 - 8 7-9 7-9
ATS-100/500 for 500 Nos.
Crossbar, terminal 10-59 - 8 6 -7 & -
ATS K-40/80 for 40 Nos. 9
Crossbar, junction 10-59 - 8 - 6 -7 &
ATS K-40/80 for 40 Nos. 9
Crossbar, terminal 100-299 - 8 3-7¢% -
ATS K~-50/200 for 200 Nos. 9
Crossbar, junction 100-299 - 8 - 3-7¢
ATS K-50/200 for 200 Nos. 9
Crossbar, terminal 100-799 - 8 9 -
ATS K-100/2000 for 700 Nos.
Crossbar, junction 100-799 - 8 - 9
ATS K-100/2000 for 700 Nos.
Crossbar, central - - 8 1-7%& 1-7¢8&
ATS K-100/2000 9 9
Key: TsS Central exchange; MTS = Long distance exchange;

non

Us Junction center; 0S = Terminal exchange.

2. The call-up of a terminal ATS subscriber, connected into his own junction
center, is accomplished by dialing a special code for the output trunk to the
junction center (the digit 9), while call-up through the central exchange is
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accomplished by dialing the code of the output trunk to the central exchange
(the digit 0). The five digit number of the subscriber is dialed after the
index. Special services are called by dialing the numbers 000 - 009, while
the output trunk to the automatic long distance telephone exchange is dialed
using a two digit output trunk code, 08. This variant is employed when the
junction center is a ten step exchange system,

3. Calling up any subscriber in the network (besides a subscriber of one's
own exchange) is accomplished from terminal and junction centers by dialing
the code of the output trunk "upward" (the digit 9) and the five digit inter-
exchange number of the subscriber. The numbers of the special lines are

900 -~ 999, while the code for the output trunk to the automatic long distance
exchange is 98. This numbering scheme is employed in a network with a cross—
bar system junction center (40/80, 50/200, 100/2000).

4. If there are crossbar and ten step system junction centers on the same
network, a mixed variant is employed, where the terminal exchanges connected
into the ten step system junction centers realize interexchange communciations
using variant 2, while the terminal stations connected into the crossbar sys-
tem junction centers use variant 3.

In all cases, central exchange and ATS K-100/2000 (as well as modernized
K-50/200M ATS's with five digit registers) subscribers call any subscriber
by directly dialing his five digit number, call special services by dialing
the numbers 00 - 09, and the automatic long distance exchange by dialing the
trunk output code, 8.

It should be taken into account that the K-100/2000 ATS and modernized K-50/
/200M ATS's with five digit registers cannot be connected in as terminal
stations to a ten step system junction center, while ATS-50/100 exchanges
which do not provide for constant five digit numbers for interexchange com-
munications should not be used as junction centers in the rural telephone
network.

Open Numeration without the Output Trunk Code

In the case of open numeration without an output trunk code, the numbering
scheme within the exchange is abbreviated (2 - 3 digits), while the inter-
exchange is five digit. In order to differentiate the interexchange and
internal exchange numbering schemes, the first digits of these numbers should
be different. As a consequence of this, the capacity of the rural exchanges
and the capacity of the telephone network as a whole is limited.

With an increase in the number of first digits being used in the five digit
numeration, the maximum capacity of the individual rural ATS's decreases,

and the numeration utilization factor also decreases. When one number is
used as the first digit of five place numbers, the theoretical maximum capa-
city of the network is 8,000 numbers; when two numbers are used, it is 14,000
numbers, and when three numbers are used, 18,000 numbers. Increasing the
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number of initial digits in five place numbers to more than three does not
yield perceptible results in increasing the maximum capacity of the network,
and along with this, leads to an impermissible limitation of the capacity
of small ATS's

It is expedient to use open numeration without an output trunk code in those
cases where the theoretical capacity of the network does not exceed 8,000
numbers, and only one initial digit allotted for the five digit numeration.

Numeration for Communications Through a Rural-Suburban Junction

If the regional center is a city with a regionalized telephone network, and
a rural-suburban junction (SPU) for incoming and outgoing traffic replaces
the rural communications central exchange, a numeration is used for inter-
exchange communications between the junctions and the city subscribers which
is similar as regards the number of numeration places in the city telephone
network (five - seven places). In this case, subscriber call-up within the
limits of his own junction is accomplished using the principles adopted for
the rural telephone network by dialing the abbreviated or five digit number;
call-up by the subscribers of rural networks of a city network subscriber or
a subscriber of the rural network of another junction region is accomplished
by dialing the code of the trunk output to the SPU (the digit 0), and after
hearing the ready tone from the SPU register, subsequently dialing the number
of the subscriber (five to seven digits).

The call-up of subscribers of a rural network by subscribers of a city tele-
phone network of its own administration region is accomplished by dialing

their interexchange number (five to seven digits) without the output trunk
code.

The Numbering Scheme for Special Services

The numbering scheme for regional center special services should be two-place.
The main special services should be assigned the following numbers:

Fire department 01
Police 02
First aid 03
Gas network emergency service 04
Long distance exchange call order 0
. 7
switchboard
Network information service 09

Regional center services should be called from the junction centers and ter-
minal exchanges using the same two digit numbers, not counting the code for
the trunk output to the central exchange.
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Junction center and terminal exchange special services are called by dialing
the complete subscriber numbers in accordance with the numbering scheme adopted
at these exchanges.

1.4, The Attenuation Distribution and Through Call Connections in
Rural Telephone Networks

The attenuation norms in rural telephone networks are established by the method
of evaluating the transmission quality based on an attenuation equivalent tak-
ing into the qualitative characteristics of telephone sets used in the network,
which is recommended by the International Telephone and Telegraph Consultative
Committee.

The following attenuation norms at a frequency of 800 Hz have been adopted for
rural telephone networks with TA-60(65) telephone sets. The speech channel
attenuation from the set of a rural subscriber to the long distance exchange
should not exceed 9.5 dB (1.1 Nep) (without taking into account the exchange
attenuation of the long distance exchange).

This attenuation is distributed in the network in the following fashion:
subscriber line, 4.3 dB (0.5 Nep); junction lines from the terminal exchange
to the long distance exchange, 4.3 dB (0.5 Nep); terminal exchange attenuation,
0.9 dB (0.1 Nep).

In expanding and remodeling rural telephone networks, it is necessary to re-
place the old sets with TA-60(65) sets on the subscriber lines having an at-
tenuation in excess of 2.7 dB (0.3 Nep). The old telephone sets can be used
on the subscriber lines of regional centers where the entral exchange and the
long distance exchange are located in one building, and consequently, the at-
tenuation of the junction lines between the automatic telephone exchange and
the long distance exchange is 0.0 dB (0 Nep).

TAU-03 telephone sets with semiconductor amplifiers are used on long subscri-
ber lines with an attenuation greater than 4.3 dB (0.5 Nep). The maximum per-
missible attenuation of the subscriber line with this set, in the case of a
residual attenuation of 4.3 dB (0.5 Nep) is: for cable lines, 13.0 (1.5 Nep),
and for overhead open air lines, 10.4 dB (1.2 Nep).

If the distance between exchanges reaches tens of kilometers, it is expedient
to use multiplex equipment. The same residual attenuation has been adopted
for the multiplex channels of rural networks as for intercity channels: 6.9 dB
(0.8 Nep). 1In the case of four wire through connections of two high frequency
channels, the through attenuation amounts to 0 dB (0 Nep), i.e. the overall
attenuation of the built-up channel remains equal to +6.9 dB (0.8 Nep) without
loss for reliable communications, independently of the number of series inter-
connected channels.

The most economic and technically efficient way to meet the attenuation norms
is through the wide introduction of multiplex equipment on the rural networks
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while simultaneously using four wire through connections at long distance
exchanges and through call rural ATS's. The long range planning of rural
telephone networks should take thsi condition into account. However, at
the present time, there are manually serviced long distance exchanges, and
rural ten step automatic telephone exchanges at the regional centers, where
the organization of a four wire through connection is impossible at these
exchanges. Under these conditions, technical solutions are required which
would assure the observation of the norms both for two wire through connec-
tions as well as on networks with physical circuits for the interexchange
junction lines.

In the overall government automatically switched telephone network system,

the permissible nominal magnitude of the attenuation between network subscri-
ber sets for the case of an intrazonal connection should not exceed 27.7 dB
(3.2 Nep) at a frequency of 800 Hz, An attenuation of up to 31.2 dB (3.6 Nep)
is temporarily permitted for intrazonal communications between subscribers of
rural networks, and consequently, temporarily until the wide introduction of
multiplex equipment and four wire through call connections, an exceeding of
the norm by 1.8 dB (0.2 Nep) is permitted over the section from the rural ATS
to the long distance exchange, i.e. the attenuation can amount to 11.2 dB
(1.3 Nep).

Used on the rural telephone networks is a system of through connections adop-
ted for the long distance telephone network with cutout of the through at-
tenuator pad networks in the case of two wire through connections, which as-
sures zero through connection attenuation. The through connection attenuator
networks are cut out of the audio frequency termination complexes (KNO's) of
the multiplex equipment.

A two wire through call for channels with zero through connection attenuation
is permitted only temporarily, until the wide introduction of four wire through
connections, since in this case the stability of the multiplex channels and

the communications quality are reduced.

The long distance exchanges at regional centers are being retained only until
the introduction of automatic long distance and zonal communications, and
after this, long distance and intrazonal traffic for rural subscribers will
be handled through the long distance automatic telephone exchange for the
zone. The attenuation norm of 9.5 dB (1.1 Nep) should be observed in this
case from the subscriber set to the long distance telephone exchange for the
zone.

The norms adopted for rural telephone networks should also be applied for the
case of communications through rural-suburban junctions.

It is recommended that the introduction of junction line multiplexing on rural
telephone networks be implemented sequentially, beginning from the long dis-
tance exchange downward (long distance exchange - central exchange, central
exchange - junction center, etc.). Then the norm for the residual attenua-
tion in the long distance channel of 6.9 dB (0.8 Nep) will be extended to the
rural ATS at which the transition to the physical circuit is made.
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In the attenuation distribution over the sections of the speech chanmel, it
should be noted that in the case of four wire through connections of HF chan-
nels, the attenuation introduced by the exchange equipment of the through
exchange is 0 dB (0 Nep), while in the case of two wire through connections
of HF channels, it is equal to 0.9 dB (0.1 Nep).

Examples of the distribution of the magnitude of the attenuation adopted for
sections of the speech channel are shown in Tables 1.2 - 1.4.

1.5. Rural and City Automatic Telephone Exchange Communications

The Organization of Automatic Telephone Exchange and Rural Telephone Network
Communications with Regionalized City Telephone Exchanges

When the rural regional center is a city with a regionalized telephone network,
a rural-suburban junction for incoming and outgoing SPU [rural-suburban junc-
tion] traffic (Figure 1.3) is organized in the city for communications with
rural automatic telephone exchanges, where the SPU performs the function of

a numberless central exchange. It is recommended that the SPU be designed
around crossbar equipment to realize four wire through connections.

The subscribers of rural ATS's, connected into one junction center, are inter-
connected apart from the SPU. Communications between subscribers connected
into different rural junction centers, are made between themselves and with
subscribers of the city telephone exchange through the SPU, into which the
junction lines are conmected from the rural communications juncter centers
and terminal exchanges. The rural subscriber output trunk is engaged by
dialing the output trunk code 0. The city telephone exchange subscribers
dial the number of the desired subscriber without the output trunk code.

.o ) 3. krarcusmrc 7 Llegg

P
SPU eny

. b OmTATE U MTE

Figure 1.3. The principle of communications organization through
a SPU [rural-suburban junction].

Key: 1. 0S = Terminal exchange; 2. US = Junction Center;
3. To the GATS [city automatic telephone exchange] and the
AMTS [automatic long distance exchange];
4. From the GATS and the MTS [long distance exchange]
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Rural-Suburban Junctions of the ATS K-100/2000 Type

Rural ATS K-100/2000 switchboard equipment is used at a regionalized, small
capacity, city telephone exchange as the SPU. Other conditions being equal,
an SPU based on the ATS K-100/2000 is significantly more economical than an
SPU based on city crossbar ATSK's [crossbar automatic telephone exchanges].
However, an ATS K~100/2000 city-suburban junction cannot be used in networks
with six and seven digit numbering schemes, since the registers of this ATS
are designed for registering only five digits of a number. As a consequence
of this, an SPU based on the K-100/2000 ATS is to be designed into only those
networks where the nominal capacity of the city telephone exchange and rural
telephone network does not exceed 80,000 numbers (with five digit numeration).

The circuit of a rural-suburban junction ATS K-100/2000 is shown in Figure
1l.4. Used in the assembly are standard group selector units, registers and
RSL [line connector relay equipment] complexes. An individual junction line
bundle is to be fed to each ten thousand group, separated out for the STS

(or the II GI [group selector] group) from the ten step city automatic tele-
phone exchange. Only one junction line bundle can be fed from crossbar ATS's
to the inputs of the I GI (instead of the II group selector), and consequently,
communications from the city telephone exchange to the STS will be realized
through an additional group selector stage (the I GI). For this reason, such
a circuit should be based on the technical and economic design calculations
in the planning stage.

The following modernized RSL complexes are employed at SPU's:

~- PKU (universal connection complex), for the organization of incoming com-
munications with all incoming complexes and for all incoming communications
via three wire junction lines instead of the RSLV-B3 complex;

-- RSLI-4, for outgoing communications with the RATS [?regional automatic
telephone exchange?] via three wire junction lines, instead of the RSLI-
-p/b3 complex, and to match the complexes of other ATS systems with SPU
equipment;

== RSLypgq» universal inductive equipment complex for communications via one-
way and two-way junction lines with rural ATS's in place of the RSLI-I
and RSLV-I, Rural type multiplexing equipment is connected into the chan-
nels through the low frequency termination complex;

—~- The RSLI-U and RSLV-U for city telephone exchange communications via KRR
type multiplex equipment channels;

—— RSLI-UM and RSLV-UM for long distance telephone exchange communications
via KRR type multiplex equipment channels.

All of the complexes enumerated above provide for commutating two wire and
four wire speech channels.
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Figure 1l.4. Rural-Suburban Junction Circuit of the ATS K-100/200 Type.

Key: 1. From the terminal exchange; 2. From the junction center;
3. RSLj,gq [inductive line connector relay complex];
4. PKU [universal connector complex]; 5. RI [register finder];
6. Register; 7. I GI [group selector I]; 8. To other II GI's;
9. RSLI-4; 10. To special line unit; 11l. To the RATS;
12. To the AMTS [automatic long distance exchangel; 13. IKZSL
[outgoing recording trunk junction line complex];
14. PR; 15. II GI [group selector II]; 16. From the RATS;
17. RSLV-U; 18. RSLV-UM; 19. From the MTS [long distance exchange];
20. To the junction center; 21. To the IITI GI.

Until industry produces modernized RSL complexes, one can use the RSLI-I,

the RSLV-I, RSLI-p/b3 and RSLV-B3 complexes. The RSLU complexes of crossbar
or ten step ATS's can be used temporarily for communications through KRR
type multiplex equipment channels, and RSLI-p/b3 and RSLV-B3 complexes should
be installed in series with the RSLU complexes to match them to the rural-
suburban junction equipment. (The RSLI-p/b3 and the RSLV-B3 do not provide
for the capability of organizing four wire through connections.)

Standard inductive RSL complexes of the corresponding types of ATS's, in
which the corresponding resoldering of connections is made when they are
used on multiplex junction lines, are employed at rural junction centers
and terminal exchanges interacting with rural suburban junctions.
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Rural-Suburban Junctions of the Crossbar ATS Type

Rural-suburban junctions of the crossbar ATS type (Figure 1.5) are planned
only at regionalized city telephone exchanges where junction centers are set
up, i.e. with six and seven digit numeration. The connection of RSL complexes
into the field and to the inputs of the GI [group selector] stages is accom—

plished in a manner analogous to that adopted for ATS K-100/2000 rural-subur-
ban junctions.

The incoming junction line complexes of rural ATS's are serviced by standard
ARB subscriber registers, while the junction lines from city ATS's and long
distance exchanges are serviced by the incoming registers, VRDB. Standard
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Figure 1.5. Rural-suburban junction circuit of the crossbar
. ATS type.

Key: 1. From the terminal exchange; 2. From the junction center;

3. RSLjpgs 4. PKP [conmection complex]; 5. I group selector;
6. RSLI-3; 7. To the special junction line assembly; 8. III
group selector; 9. To the automatic long distance exchange;

10, IKZSL [outgoing recording trunk junction line complex];

11. RSLI-2; 12, RSLI-3; 13. PR; 1l4. RSLI-U; 15. To the city
automatic telephone exchange or the UVS [expansion unknown];

16. II group selector; 17. IIT GIM [III long distance group
selector]; 18. To the junction center; 19. Subscriber register;

20.From the long distance telephone exchange; 21. From the
ten step ATS; 22. From the crossbar ATS; 23. RSLV-2; 24, PKV;

25, VRDB [unknown type of incoming register]; 26. IT GIM.
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crossbar ATS line connector complexes are used for communications with the
city automatic telephone exchange, while universal inductive one-way and
two-way complexes (RSLjnq) have been developed for communications with rural
ATS's.

Crossbar ATS group selector units are the ones primarily used at the group
selector stage.

The hundred thousand group is separated out in a network where a junction
is set up, for the rural-suburban junction at the expense of city telephone
exchange capacity.

The Connection of Rural ATS's to City Type ATS's

In regional centers, where city type ATS's are installed as central exchanges,
the incoming junction lines from rural ATS's are conmected at the crossbar

ATS to the I group selector devices (connection to the registers is accom-
plished through the PKP's [unknown type of connection complexes]), and at

the ten step ATS's, to the I/II group selector devices; the outgoing junction
lines are connected into the field of the group selection stages. -

Inductive line connector relay complexes, corresponding to the type of termi-
nal exchange or junction center, are installed at rural ATS's for communica-
tions with the central exchange. RSLjipg crossbar ATS complexes similar to

the complexes employed in the rural-suburban junction, are installed at the
city crossbar system ATS. RSLipnq K-100/500 ATS complexes can be used tempora-
rily at a ten step city ATS.

At a crossbar ATS, the group selector stages to which the junction lines are
connected from the rural ATS's, should be four wire, while at a ten step ATS,
it is necessary to provide for cutting out the 6.9 dB (0.8 nepers) attenuator
networks in the KNO-1 audio frequency termination complexes during intercity
through call channel multiplexing or with four wire lines.

In expanding or rebuilding the network, it is recommended that crossbar junc-
tion equipment which provides for four wire through connections be installed
at central exchanges with ten-step equipment.

Switching Individual Rural Exchanges into the City Telephone Exchange

Where it is necessary to switch individual suburban exchanges of the rural
type into a city telephone exchange, one can use the RSL ATS-47 (54) complexes,
which are connected for incoming communications into the subscriber complexes
of the city ATS, and for outgoing communications, into the field of one of

the group selection stages (Figure 1.6).

In choosing this method, one should see that with this circuit the overall
attenuation of the subscriber and junction line should not exceed the
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attenuation norms for the subscriber line, i.e. 4.3 dB (0.5 nepers). If it
is impossible to meet this condition, the communications should be organized
through the SPU [rural-suburban junction].
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Figure 1.6. Circuit for switching individual rural ATS's
into a city telephone exchange.

Key: 1. PI [preselector]; 2. I GL [I group selector]; 3. I GL U
[U suffix expansion unknown]; 4. To the rural ATS; 5. ATS-47(54)
RSL; 6. II/IV GI; 7. LI [line commector]; 8. From the long
distance exchange; 9. I GIM [I long distance group selector];
10. II/IV GIM; 11. Long distance line connector.

Rural ATS Communications with Manual Telephone Exchanges

There are two methods for transmitting the interaction signals during rural
ATS communications with manual telephone exchanges, independently of their
location in the rural telephone network: inductive and galvanic.

In the inductive method, for interacting with central battery or local battery
manual telephone exchanges via two-way, two-wire junction lines, an inductive
RSL complex is used at rural ATS's (depending on the type of rural ATS), while
additionally installed at the manual telephone exchange is a head-end complex
(VK TsS BRS-M). Head-end complexes, powered from 24 volt batteries, are
placed in separate racks with 10 relay boards per rack.

VK TsS VRS-M's are used for local and long distance communications, and can
interact with local battery switchboards of any type, with TsB2 and TsB3
switchboards [central battery switchboards], as well as with standard long
distance switchboards (M-49, MRU, OU). The joint operation of rural ATS's
and manual telephone exchanges using the inductive method does not require
making any changes in the equipment circuitry of rural AIS's

The circuit for the communications of a manual telephone exchange with rural

ATS's using the inductive method of transmitting the interaction signals is
shown in Figure 1.7.
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Figure 1.7. Circuit showing manual telephone exchange communications
with rural ATS using the inductive transmission method.

Key: 1. City telephone exchange switchboards; 2, Jack; 3. RTS [manual
telephone exchange]; 4. Junction line; 5. Rural ATS; 6. Lg [in-
dicator light 3]; 7. VK [head-end complex}; 8. Line transformer;
9. RSL [connector relay equipment]; 10. Long distance exchange
switchboard.

A provision is made for the galvanic method only for the interconnection of
rural ATS's with local battery manual telephone exchanges. Depending on the
type of ATS, the transmission of signals using direct current is realized
either via wires a and b of the junction line (ATS VRS-20M), or via an
artificial single wire line, connected to the center taps of the DIN type
line transformers (ATS-10/40, UATS-50/100, ATS K-40/80, ATS K-50/200). No
provision is made in the ATS-100/500 and 100/500M for galvanic coupling.

Adapting the standard RSL complexes of rural ATS's for galvanic coupling is
accomplished by means of resoldering connections provided in the circuits of
these devices.

1.6. Rural Telephone Exchange Communications with Long Distance Exchanges

Organizing Communications with the Regional Center Long Distance Exchange

A cord type long distance exchange is provided at each regional center,

where the central exchange of the rural telephone network is located. Switched
into the intercity switchboards of a regional center long distance exchange are
the one-way and two-way long distance telephone channels to the oblast' cen-
ter long distance exchange, and the direct channels to the long distance ex-
changes-of other regional centers of its own, and in certain other cases,

also adjacent oblast's, operating using a toll call order or direct dialing
system. Additionally, semi-automatic communications equipment for handling
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incoming long distance communications to rural telephone network subscribers,
circumventing the operator of the regional center long distance exchange, can
be installed at the regional center long distance exchange.

Communications between the regional center long distance exchange and the
rural telephone network exchanges is realized through the central exchange of
the rural telephone network. For the organization of local (within the limits
of a given rural telephone network) and long distance communications over 0S -
US - TsS and 0S - TsS sections, common one-way and two-way interexchange junc-
tion line trunk groups are used, which are equipped with universal local and
long distance communications instruments. A provision is made on the long
exchange - central exchange section for the use of only long distance cord
instruments.

At ten step system rural ATS's, which are used as US's and 0S's (ATS-100/500,
ATS-50/100), special long distance cord instruments (VGM, LIM) are installed

for communications from the long distance exchange to the subscribers of these
exchanges.

Special long distance cord isntruments are not provided at rural crossbar sys-
tem US's and 0S's (ATS K-100/2000, ATS K-50/200, ATS K-40/80), but common
switching units (GI, AI [group selector, (?subscriber selector?)]) are used
for local and long distance communications, as are universal line complexes
which provide the requisite signaling when making long distance comnections.

Long distance exchange communications with rural telephone network subscribers
is realized via toll call recording trunk and junction lines. Toll call lines
are intended for taking call orders from subscribers for long distance conver-
sations, while junction lines serve for establishing incoming and outgoing
long distance connections made by regional center long distance exchange oper-—
ators.

In making the connection to the rural telephone network subscriber, the long
distance exchange operator has the ability to:

—-— Connect into a subscriber line which is busy with a local call and give
notice of the long distance call., If the subscriber agrees to break the
local connection in favor of the long distance one, he places the tele-
phone receiver on the hook, after which the long distance exchange opera-
tor has the ability to send the called subscriber the call ring and make
the long distance connection;

-- To carry out the preliminary preparation of the subscribers for long dis-
tance conversation, and send them the call only at the moment when the
connection is made;

-- To repeatedly ring when the called subscriber rings off prematurely,

At manually serviced central exchanges, the line and recording trunks are

connected into the switchboards in a manner analogous to that for subscriber
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lines, and at long distance exchanges, into special line and recording trunk
equipment complexes,
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Figure 1,8, Circuit for long distance telephone exchange communications
with the central exchange of a manual telephone exchange:

a) Through the toll switching position;
b) Via the multiple jack field.

. Central exchange switchboards; 2. Toll switching position;

. Long distance exchange switchboards; 4. Multiple jack field;
Subscriber line and junction line to the terminal station;

. Junction line; 7. Long distance channels; 8. Call light;

9. Signmal light; 10. Service line; 1l1. [?Fuse block?];

12. KN [expansion unknown]; 13. Local answering jack field.

Key:

[« )N, SRy o

Long distance connections to the subscribers of a rural telephone network are
made via junction lines connected into the central exchange through a toll
switching position, or via a common multiple jack field. In the latter case,
the long distance exchange should be located in the same building as the cen-
tral exchange, the capacity of which should not exceed 2,000 numbers. In us-
ing standard switchboards (M-49, M-60), the connection of junction lines into
the central exchange should be made through the toll switching position.
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Circuits for the organization of communications with the regional center long
distance exchange through the central exchange for the manual telephone ex-
change are shown in Figure 1.8.

The line and recording trunks at the ten-step central exchange are switched

in as special lines, dialed by the abbreviated number "O07" or the three digit
number "007" depending on the system of numeration adopted for the rural tele-
phone network and the location of the outgoing exchange in the rural telephone
network (the TsS, US or 0S).

Shown in Figure 1.9 is the circuit for the organization of communications with
the regional center long distance exchange through a central exchange of the
ATS-100/500 type. The line and recording trunks are connected into the field
of the LIgpetg [special line comnector] stage and in ATS's of other types, in-
to the II GIgporg [II special group selector] (via the IT/IV group selector
circuit) through the RSLspets’ which provides for interaction with the line
and recording trunk complexes of the long distance exchange (RKZL). The
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Figure 1.9. Circuit showing the organization of rural telephone network
communications with a regional center long distance exchange
through a central exchange of the ATS-100/500 type.

Key: 1. Regional center long distance exchange; 2. RKZL [line and recor-
ding trunk complex for the long distance exchange]; 3. SK [matching
complexes]; 4. Line and recording trunk; 5. Junction line; 6. Manu-
ally serviced channels; 7. Outgoing semi-automatic [channel];

8. I long distance group selector; 9. Central exchange (ATS-100/500);
10. Special line connector; 11. Long distance line connector;

12. I/II long distance group selector; 13. VKIN [channel terminating
complexes]; 14. Long distance group selector; 15, Preselector;

16. I group selector (VGI [expansion unknown]); 17. Channels for
automatic and semiautomatic incoming communicatioms; 18. RSL 100/500;
19. Junction line; 20. To the junction center and terminal station;
21. II longdistance group selector; 22. RSL 100/500; 23. To the ter-
minal station; 24. IT group selector; 25. Line connector.
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junction lines are connected to the long distance switchboards through match-
ing complexes, SK's. 1In this case, communications with central exchange sub-
scribers is organized through long distance cable instruments (GIM, LIM [long
distance group selector, long distance line connector]), and with junction
center and terminal station subscribers, via common long distance connecting
line trunk groups of the rural telephone network, which are equipped with uni-
versal line complexes. Incoming communications from the long distance exchange

to central exchanges of the ATS-47 and ATS-54 types are organized in a similar
fashion.
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Figure 1.10. Circuit showing the organization of rural telephone network
communications with a regional center long distance tele-

phone exchange through a central exchange of the ATS K-100/
/2000 type.

Key: 1. Long distance telephone exchange of the regional center; 2. Al
[?subscriber selector?]; 3. Central exchange (ATS K-100/2000);
4., Junction line; 5. Matching complexes; 6. RKZL; 7. Line and
recording trunk; 8. Manually serviced channels; 9. Outgoing semi-
automatic [channel]; 10. VKTN; 11. MGI [?long distance group selec-
tor?]; 12. Automatic and semi-automatic communications channels;
13. RI [register finder]; 14. Register; 15. ShK [line cord complex];
16. VShKM [?incoming long distance cord set?]; 17. RSLgnetgs
18. VShKMA [?subscriber incoming long distance cord set?]; 19. I GI
[I group selector]; 20. RSLI-I [unknown type of outgoing line con-
nector relay complex]; 21. Junction line, to the junction center
and terminal station; 22. RSLV-I [unknown type incoming line con-
nector relay complex].

If the regional center long distance telephone exchange has incoming semi-
automatic long distance communications channels, the latter are terminated at

the long distance exchange by channel complexes (VKIN) and MGI instruments,
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in the field of which the junction lines are connected to the central exchange.
At the central exchange, these lines are connected to the inputs of the I/II
GIM. . .

At crossbar system central exchanges of the ATS XK-100/2000 or ATSK types, the
line and recording trunks are connected into the field of the I group selector
stage through RSLSpets complexes. The output to these lines is realized by
dialing the abbreviated two-digit number "07" or the three digit one, "007",
in a manner similar to the case for a ten-step system central exchange.

Shown in Figure 1.10 is the circuit for the organization of communications
with a regional center long distance exchange for the case of communications
trhough a central exchange of the ATS K-100/2000 type. The outgoing ends of
the junction lines are connected to the long distance exchange switchboard
through the SK complex [matching complex], while the incoming ends are con-
nected to the inputs of the I group selector stage through the VShKM complexes.
When equipment is present at the long distance exchange for incoming semi-
automatic long distance communications from the oblast' center, the junction
lines at the long distance exchange of the regional center going to the central
exchange are connected into the ten-step system instrument field of the long
distance exchange group selector, and at the central exchange, to the inputs
of the I group selector stage through the VShKMA.

Junction lines from the long distance exchange switchboards of the regional
center are connected into a central exchange of the ATSK type to the inputs
of the I/II long distance group selector stage through the connection com-
plexes, the PKP's, which provide for the connection of the lines through the
register finder stage to the subscriber registers of the ARB type. At the
long distance exchange, the outgoing ends of the junction lines are connected
to the switchboards through the SKR matching complexes, which simultaneously
perform the functions of the I long distance group selector. Communications
with central exchange subscribers is organized through long distance cable
instruments (GIM, VShKM), and with the junction center and terminal station
subscribers, via the common trunk groups of the long distance junction lines
of the rural telephone network.

The Organization of Automatic Intra-Oblast' Telephone Communications

Automatic intra-oblast' communications from subscribers of central exchanges
of the ATS-54, ATS-54A, ATS-100/500M and ATS K-100/2000 types (with cord
complexes which provide for repeating the number dial pulses) are organized
by means of AVIS type equipment, which provides a specific group of central
exchange subscribers with an output trunk to the oblast' center or to any
other point having the same toll rate via direct multiplexed communications
channels. For this, the central exchange subscriber first dials the code
for output to the AVIS (for example, "8"), and then, having received the
second audio signal, dials the complete number of the called subscriber of
the oblast' center.
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Figure 1.11. Structural schematic for AVTS [automatic intra-oblast'
telephone communications].

Key: 1. Regional center; 2. Oblast' center; 3. Central exchange,
ATS-54 (or ATS-100/500M); 4. Coin operated telephone; 5. Pre-
selector; 6. I GIT [expansion unknown] (or I GI [group selector]);
7. Long distance exchange; 8. Multiplex equipment channels;

9. City telephone exchange; 10. Subscriber equipment complex;

11. Preselector; 12. T group selector; 13. Meter; 14. Pulser
unit; 15. Outgoing automatic equipment complex; 16. Incoming
automatic equipment complex; 17. I/II GIM [long distance group
selector]; 18, II GIM; 19. IITI GIM; 20. Iv GIM; 21. Line
connector; 22. ATS K-100/2000; 23. MA [expansion unknown];

24, AT [?subscriber selector?]; 25. ShK [cord complex]; 26. Out-
going automatic equipment complex; 27. Incoming automatic equip-
ment complex; 28. Connector relay matching complex; 29. Pulser
Unit.

Conversations which have taken place are registered by individual four digit
electromagnetic meters. The duration of the conversations is metered by
means of repeated counting. At the input end, communications are assured
by the long distance flexible cord instruments of the city ATS's of all types.
Where AVIS equipment is used, a provision is made for equalizing the ATS
equipment circuitry of the regional center (the preselector, the I group
selector of ten-step ATS's, the subscriber's line equipment, the flexible
cord complex and the I group selector of the ATS K-100/2000), which results
from the necessity of organizing conversation metering on subscriber meters,
and individually limiting subscriber trunk output to the AVTS, as well as
from the capability of using long distance coin operated telephones (MTA's)
for communications with the oblast' center.
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A structural schematic of an AVTS is shown in Figure 1.11. The basic equip-
ment of the AVIS is the incoming and outgoing automatic equipment complex
(IKA, VKA). The IKA's [outgoing automatic equipment complexes] are installed
at the regional center long distance exchange. At a ten-step system central
exchange, they are connected directly into the field of the I group selector,
while in a central exchange of the ATS K-100/2000 type, they are connected
through matching complexes, RSL-S's. The VKA's [incoming automatic equipment
complexes] are installed at oblast' center long distance exchanges, and are
connected to the inputs of the I/II long distance group selector. Additionally,
included in the AVIS complement are racks for subscriber meters (SCh's) with
pulser (IU) boards and RSL-S complexes. These racks are installed at the
regional center ATS. When AVTS equipment is used, the trunk output to the
trunk line and the internal oblast' networks should be realized through the
regional center long distance exchange operator via an individual trunk group
of the channels.

A provision is made for the use AVTS equipment only during the transition per-
iod, i.e. prior to the organization of automatic long distance communications,
in accordance with the principles of zonal communications.

The Organization of Communications with a Long Distance Exchange Based on
the Principle of Zonal Communications

The internal zonal telephone network takes the form of an aggregate of ter-
minal long distance telephone exchanges, and networks of intrazonal junction
lines, which connect the city and rural telephone networks of the zone with
the long distance telephone exchanges which are located within the territory
of the zone. This communications is organized via the trunk groups of line
and recording trunk lines and junction lines which connect the central ex-
changes of rural telephone networks to the closest (reference) AMIS [automatic
long distance telephone exchange] or to the zonal junction (ZU). A uniform
seven digit subscriber numbering scheme is employed on the telephone network
of the zone.

Each central exchange of the rural telephone network is coupled to the AMTS

or ZU of its zone by the independent trunk groups of one-way junction lines;
the outgoing zonal and long distance communications, as well as communications
with AMTS services (information, toll order desk, etc.) are realized via the
line and recording trunk junction lines (zsl), which are equipped with local
flexible cord units, while incoming communications to the rural telephone
network subscribers is organized via junction lines from the AMTS (or the ZU)
to the central exchange, which is equipped with long distance flexible cord
units. Thus, in using the principles of zonal communications, the long dis-
tance exchanges at regional centers are dismantled.

Used as ATMS's and ZU's are the AMTS-2, AMTS-3, AMTS-4 and ARM-20.

The circuit for rural, zonal and long distance network communications is
shown in Figure 1.12, Zonal and long distance communications for rural
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Figure 1.12. Communications circuit for rural, zonal and long
distance networks.

Key: 1. Rural network; 2. Zonal network; 3. Long distance network;
4. Terminal station; 5. Junction line; 6. Junction center;
7. Central exchange; 8. Recording trunk junction line;
9., Automatic long distance exchange (or zonal junction);
10. Long distance channels

telephone network subscribers can be realized toll order, direct or high
speed operational systems using manual, semi-automatic and automatic means
for making the connections. Zonal and long distance connections which have
been made are metered by the AMTS telephone operators when making the con-
nection manually or by semi-automatic means, or by the centralized metering
equipment installed at the AMTS (or ZU), when the connection is made auto-
matically.

The basic method of determining the category and the number of the telephone
of the calling rural telephone subscriber is an automatic one when the auto-
matic method of making intrazonal and long distance connections is used.

For this purpose, all ATS's of the rural telephone network are equipped with
equipment for automatically determining the category and number of the tele~
phone of the calling subscriber (AON). The AON equipment provides for trans-
mitting a single digit category number and the seven digit zonal number of
the telephone of the calling subscriber using a "two of six" multiple frequ-
ency code based on the "intervalless packet" method. Information is re-
ceived from the AON either directly by the AMTS instruments, of by special
intermediate equipment installed at the central exchange.

The introduction of AON equipment requires the equalization of the circuitry
of a number of existing rural ATS instruments (the preselector, I group selec-
tor of the ten step system ATS, the subscriber line equipment complex and the
flexible cord complex of crossbar ATS's, as well as junction line complexes

of rural telephone networks). In modernizing rural crossbar ATS's, taken in-
to account are the requirements for the organization of automatic zonal and
long distance communications using AON equipment.

In rural telephone networks with closed five digit subscriber numeration, the
outgoing zonal and long distance communications via the line and recording
trunks are established by the terminal station, junction center, and central
exchange subscriber by the preliminary dialing of the single digit code "8"
and then hearing the additional readiness tone of the AMTS.
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When open numeration with an code for the trunk output to the central exchange
is used in a rural telephone network, the terminal station and junction cen-
ter subscribers make outgoing zonal and long distance connections by dialing
the two digit code "08". When making an intrazonal connection, the subscriber
dials the trunk output code to the zonal network "2", and the seven digit zo-
nal number of the telephone of the called subscriber, and when making a long
distance connection, dials the ten digit long distance number, consisting of
the three digit zonal code, and the seven digit zonal number of the telephone
of the called subscriber. For output to the manual services of the AMTS, the
subscriber should dial a two digit number, 11 -~ 18.

When using AMTS-2 or AMIS-3 type telephone exchanges on the zonal network,
installed at the outgoing ends of the recording trunk and junction lines at
the central exchange are intermediate registers (PR's), outgoing recording
trunk and junction line complexes (IKZSL's) and AON information receive and
query units (UZPI's). 1In this case, after receiving an audio tone from the
PR, the calling subscriber of the rural telephone network by directly dialing
the number transmits to the PR only the information concerning the number of
the telephone of the called subscriber, while the information concerning the
category and number of the telephone of the calling subscriber is transmitted
from the AON of the outgoing ATS to the UZPI upon its interrogation, and from
the latter, to the PR, The information stored in the PR is then tramnsmitted
to the AMTS using a "2 of 6" multiple frequency code and the "pulse packet"
method. The intermediate equipment provides for the capability of rural net-
work subscriber trunk output via the recording trunk and junction lines to
the manual services of the AMTS without interrogation from the AON of the
category and number of the telephone of the calling subscriber. In this case,
the rural telephone network subscribers can call the toll order desk, or the
switchboard operator directly, place a call order for an intrazonal or long
distance connection, or obtain it directly.

In the case where AON equipment is lacking at yural telephone network exchanges,
and the direct dialing method (NSN) is used for automating zonal and long dis-
tance communications, the calling subscriber, using the dial, first transmits
to the PR [intermediate register] the three digit zone code (for long distance
communications) or the routing code "2" (in the case of intrazonal communica-
tions) and the seven digit zonal number of the subscriber being called, and
then the proper seven digit zonal number. In this case, a check of the cor-
rectness of the dialed proper number by the subscriber is provided via a
check loop, established by the PR using the long distance flexible cord ins-
truments. The information accumulated in the PR is transmitted to the AMTS

by the method indicated above.

Unversal PR's, which provide for the interaction with AON equipment or direct
dialing operation, are used at the central exchanges of rural telephone net-
works. The use of direct dialing in rural telephone networks is permitted
only for the subscribers of the central exchange.

Long distance exchange equipment of the AMTS-4 and ARM-20 types does not re~-
quire the installation of intermediate equipment on the recording trunk and
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The information transmitted by the subscriber and the AON equipment is regis
tered directly at the AMIS. TIn this case, there is also the possibility of
using AON equipment for direct dialing in the rural telephone networks.

A circuit for the organization of communications with a zonal long distance
exchange where using ATS-100/500, ATS-47 and ATS-54 ten step system central
exchanges is shown in Figure 1.13.
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Figure 1.13. Circuit for the organization of rural telephone network
communications with a zonal long distance exchange through
ten step system central exchanges (ATS-100/500, ATS-47,
ATS-54) .

Key: 1. From an AMTS-2, AMIS-3, AMTS-4, ARM-20; 2. Junction line;
3. RSLV-UTM*; 4. RSLV-UM; 5. Subscriber complex; 6. Preselector;
7. AON [equipment for the automatic determination of the number
and category of the calling subscriber telephone]l; 8. I/IT GIM
[long distance group selector]; 9. I GI (VGI) [I group selector
(eight decade group selector)]; 10. Central exchange; 11. II GIM;
12, IIT GIM; 13. LIM [long distance line connector]; 14. II GI;
15. III GI; 16. LI [line conmector]; 17. III GIM; 18. RSL 100/500;
19. RSLI-UT*, RSLI-U; 20. To the junction center and terminal ex-
change; 21. To the AMTS-4, ARM-20; 22, To the AMTS-2, AMTS-3;
23. IKZSL [outgoing recording trunk and junction line complex];
24, PR [intermediate register]; 25. UZPI [AON information receive
and query unit; 26. Recording trunk junction line.

* Those complexes which are under development at the present time are indi-
cated by asterisks.
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The line equipment complexes of the recording trunk and junction lines used
for communications with the AMTS, the designations of which contain the let-
ter "T", are installed in the multiplex equipment channels where the signal
channels are not separated out, while the equipment complexes whose designa-
tion does not contain this letter are installed in the KRR type multiplex
equipment channels where the signal channels are separated out.*

The outgoing ends of the recording trunk junction lines are connectéd into
the field of the eighth decades of the I group selector units (VGI). If
AMTS-2's or AMTS-3's are used on the zonal network, then intermediate equip-
ment is installed on the recording trunk junction lines and the corresponding
line complexes are used (RSLI-UT or RSLI-U).

In the case where direct dialing is used in the rural telephone network, UZPI's
are not installed, and to form a monitor loop, each intermediate register is
connected to an individual I/II GIM [long distance group selector] for commu-
tating the monitor loop and checking the correctness of the proper number
dialed by the subscriber (the circuit for connecting the intermediate register
to the I/II GIM is depicted in the schematic by a dashed line).

When AMTS-4's or ARM-20's are used on the zonal network, the outgoing ends of
the recording trunk junction lines are formed solely by the line complexes
(RSLI-UT or RSLI-U), regardless of whether AON equipment or direct dialing is
used in the rural telephone network. In the case of direct dialing, the cor-
rectness of the proper number dialed by the subscriber is checked by means of
the equipment of the AMTS types cited above, by establishing a monitor loop
using the recording trunk and junction lines of the zonal network and the in-
struments of the long distance cable of the central exchange.

Incoming communications from all four types of AMTS's to the rural telephone
network subscribers is accomplished by one method: via the junction lines con-
nected to the inputs of the I/II GIM through the RSLV-UTM or RSLV~UM line com-
plexes. In this case, long distance flexible cord units and universal junc-
tion line complexes are used in the rural telephone network.

A circuit showing the organization of rural telephone network communications
with a zone long distance exchange where an ATS K-100/2000 is used as the
central exchange is shown in Figure 1.14. The outgoing ends of the recording
trunk junction lines are connected into the field routing of the I group selec-
tor stage dialed by the code "8".

Where AMTS-2 or AMTS-3 equipment is used on the zonal network, the recording
trunk junction lines are connected into the field of the I group selector
stage through intermediate equipment, and RSLI-UTS or RSLI US line complexes.
When direct dialing is employed on the rural telephone network, UZPI's are
not used, and each intermediate register is connected through the VShKMA
[?incoming long distance automatic flexible cord set?] to the register finder,

* [See footnote for Figure 1.13]
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and to the input of the I group selector, which provides for forwarding from
the intermediate register the series of direct dial pulses of the proper num-
ber to the central exchange register, and the subsequent establishing of the
monitor loop (the circuits indicated here are depicted in the schematic by a
dashed line).
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Figure 1.14. Circuit for the organization of rural telephone network
communications with zonal long distance exchanges through
a central exchange of the ATS K-100/2000 type.

Key: 1. AI [subscriber selectors]; 2. Central exchange (ATS k-100/2000);
3. Subscirber's line equipment complex; 4. AON; 5. From the
AMTS-2, AMTS-3, AMTS-4, ARM-20; 6. Junction line; 7. RSLV-UMTS*,
RSLV-UMS#*; 8. PKU*[universal connection complex]; 9. ShK [flexi-
ble cord complex]; 10. I GI [group selector]; 11l. RSLind;

12. To junction center and terminal exchange; 13. IKZSLS¥*;
14. RSLI-UTS*, RSLI-US; 15. Recording trunk junction line;
16. To an AMTS-2, AMTIS-3; 17. Register finder; 18. VShKMA;
19. Register; 20. PR* [intermediate register]; 21. UZPI;
22. Recording trunk junction line; 23. To an AMTS-4, ARM-20.

Where AMTS-4's or ARM-20's are used, the outgoing ends of the recording trunk
junction lines are equipped solely with RSLI-UTS or RSLI-US line complexes.
Incoming communications from all four types of AMIS's are realized via the
junction lines connected through the RSLV-UIMS or RSLV-UMS complexes, which
are connected through the universal connection complexes, the PKU's, to the
inputs of the I group selector, which provides for an output trunk to the
central exchange, junction center and terminal exchange subscribers. The
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The PKU complexes, in the case of incoming communications to the central ex-
change subscribers, perform the functions of a VShKMA, while in the case of
a through call, provide for commutating the two and four wire speech channel.

Communications with the Long Distance Exchange through a Rural-Suburban Jumnction

When rural junction centers and terminal exchanges are connected into a SPU
[rural-suburban junction], all incoming and outgoing zonal and long distance
communications for rural telephone network subscribers are realized through
the equipment of this junction.
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Figure 1.15. The circuit for the oxganization of rural telephone
network communications with zonal long distance ex-
changes through a rural-suburban junction of the cross-
bar automatic telephone exchange type.

Key: 1. From the city telephone exchange (crossbar ATS); 2. RSLV-3;
3. SPU; 4. From the AMTS-2, AMTS-3; 5. Junction lines; 6. RSLV~
UTM*; 7. RSLV-UM; 8. PKV; 9. PKP; 10. I GI; 11. II GI;

12, Register finder; 13. ARB [?Unit subscriber register?];

14. 1II long distance group selector; 15. RSLind, RSLI-U; 16. To
the junction center and terminal exchange; 17. To the city ATS;
18. RSLI-3, RSLI-UT*; 19. Recording trunk junction line; 20 To
the AMTS-4, ARM-20; 21. RSLI-U; 22, IKZSL; 23. To the AMTS-2,
AMTS-3; 24, RSLI-U; 25. PR [intermediate register]; 26. UZPIL
[AON information receive and query unit]; 27. From the AMTS-4,
ARM-20; 28. VRDB; 29. RSLV-UM.

Used as commutating equipment for the SPU are group selector units of the
ATSK or ATS K-100/2000 types, which provide for four wire through call con-
nections.

A circuit showing the organization of communications with long distance ex-
changes based on the principle of zonal communications through crossbar SPU's
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of the ATSK type is shown in Figure 1.15. A provision is made at rural tele-
phone network junction centers and terminal exchanges for just the use of AON
equipment. Outgoing zonal and long distance communications from junction cen-
ter and terminal exchange subscribers is realized through the I group selector
stage, into the field of which the recording junction lines are connected.

Intermediate equipment is additionally installed on the recording trunk junc-
tion lines for communications with AMTS-2's and AMTS-3's.

Incoming communications are realized via junction lines from the AMTS, which
are connected to the inputs of the II long distance group selector stage.

To control the process of establishing the incoming connection to the junction
center and terminal station, the junction lines from the AMIS-2 and AMTS-3

are equipped with five digit incoming registers of the VRDB type, the connec-
tion to which is made through the PKV connection complexes. For communicat-
ions from AMTS-4's and ARM-20's, it is not necessary to equip the incoming
ends of the junmction lines with PKV complexes and VRDB registers.

CHAPTER 3: THE LINE AND CABLE INSTALLATIONS OF RURAL TELEPHONE NETWORKS:
3.1. Rural Communications Open Wire Lines

Pole Mounted Communications Lines

The pole mounted lines of rural telephone networs (STS's) belong to Class III
lines of the all-union VLS [open wire communications lines] classification;
the pole mounted lines of rural radio repeater networks (RTS's) when only

the cable broadcast circuit is strung, having a working voltage of no more
than 360 volts, belong to lines of RTS Class I.

Open wire communications lines suspended on the same support poles as tele-
phone circuits and hard wire broadcast circuits are called common suspension
lines.

Standard telephone VLS configurations and the number of the circuit positions
on the poles are depicted in Figure 3.1, while those for common suspension
lines are shown in Figure 3.2. The most widespread ones on the STS's are
configurations Nos. 1 and 2. In planning new lines, configurations Nos. la,
2a and 3a are used with a spacing between the hooks of 30 cm.
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Figure 3.1. Standard open wire communications lines pole
configurations.
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Figure 3.1. [Continued] Standard open wire communications
lines pole configurations.
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Figure 3.2. Standard support pole configurations for the common
suspension of telephone circuit and hard wire broad-
cast circuit lines.

Depending on the meteorological con~

| ditions of the regions in which the

‘ lines are built, they are broken down
into four types: lightweight, standard,
reinforced -and especially reinforced.
Given in Table 3.1. are the basic
structural characteristics of Class II1
open air lines and RTS lines of Class I
of different types.

v Pole Supported Communications Lines
=S O
' ,//’j# l Pole supported lines are usually set up
: //) in populated areas. The posts are moun-
| ted on the roofs of buildings. Tubular
\/ﬂ////Q posts of the TST type, fabricated in ac-

i cordance with GOST 8046-56, are used for
+ the suspension of 1, 2, 6 and 10 pairs
of telephone circuits. The structure of

Figufgwé.B. Pole construction.
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a pole for suspending two circuits is shown in Figure 3.3. Posts for 6 and
10 pairs of circuits can be used for the joint suspension of wires and cables.

The posts are mounted on a cast iron foot and are fastened to the rafter beams
of buildings by means of collar clamps. The posts are reinforced by guys, the
number of which is determined by the number of suspended pairs of wires, and
thus for posts for one, two and six pairs of lines there should be four guys,
and for posts for ten pairs, eight guys. Corner, cable and terminal posts

are reinforced by an additional guy.

Used for suspension on pole supported lines are steel wires with diameters
of 2 and 1.5 mm, and bimetal with diameters of 2 and 1.6 mm. In the case
where the telephone lines cross high current lines or for the installation
of radio circuits, insulated wires with atmosphere resistant insulation are
suspended on the poles.

The wires of pole supported lines are strung on TF-12 type insulators. The
length of a span between the poles should, as a rule, be no more than 60 to

80 meters., In exceptional cases, an increase in the span to 150 m is permit-
ted.

LTV wire, which is soldered to the telephone pole line wires, is used for brin-
ging the telephone circuits into attic rooms. The LTV wire is passed through
inside the trunk of the post, through the tubular crosspiece and is then brought
out through the opening under the corresponding pair of insulators.

To construct radio installation lines, poles are used which are fabricated in
accordance with GOST 8715-58. In this case, the following types of poles are
used for suspending circuits with a working voltage of up to 240 volts:

A - Intermediate, with a trunk length of 1.3, 1.6 and 1.9 m;

B - Intermediate, with removable crosspieces and a trunk length of 1.6
and 1.9 m;

V - Terminal and cornmer types, with a trunk length of 1.3, 1.6 and 1.9 m.

To suspend circuits with a working voltage of 360 - 960 volts (clearance,
2.6 m) and for the joint suspension of circuits with a working voltage of
120 - 240 volts along with circuits having a voltage of 360 - 960 volts, the
following types of posts are used:

G - Intermediate, with a trunk length of 3.6, 3.9 and 4.2 m;

D - With a trunk length of 3.6 m.
The feed-in from the pole feeder line goes through the subscriber transformer,
which can be mounted on the pole, in the attic or a stairwell. Used as the
feed-in wire is PTPZh or PRZh wire. It is fed into the trunk of the post

through a T-shaped porcelain cone insulator. The feed-in wire is connected
to the line terminals, or, as an exception, soldered to the wire.
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Wires

Steel wire line with diameters of 3 and 4 mm is employed on open air STS
lines for interexchange communications; wire with diameters of 1.5, 2.0, 2.5,
3.0 and 4.0 mm is used on subscriber lines, and in certain cases, bimetal
wire line with diameters of 2, 3 and 4 mm, or copper wire with diameters of
3 and 4 mm is used for interexchange communications.

The basic mechanical and electrical characteristics of the wire are given in
Table 3.2.

Binding wire is used to fasten the wires to the insulators. The basic data
for the binding wire when using a particular wire line are given in Table
3.3.

Small diameter steel and bimetal wires (1.5 - 2 mm) are joined together by
double splicing.

Insulators and Fittings

Porcelain (TF) and glass (TSB) insulators, manufactured from special glass,
which do not leach out, are used on the open wire lines of STS's. A cross
section of an insulator is shown in-Figure 3.4, and given in Table 3.4 are
the purpose and basic characteristics of the line insulators.

Spindle, branching insulators with three collars can also be used on Class
IIT communications lines and radio repeater network lines: porcelain, Sh0-16
and ShO-12; and glass, Sh0S-16 and Sh0S-12. Feed-in insulators can be used
for bringing in the wires: VB with a height of 132 mm and a diameter of 92 mm
at the lower section; and VM with a height of 103 mm and a diameter of 70 mm.
RF0~-12 and RFO-10 (radio repeater, porcelain, branching types) can be used
for subscriber feed-in units.

Included among the fittings of open wire communications lines are the cross-
bars, steel spindles and hooks, extension fishplates and clamping terminals,
brackets, support hooks, I'-shaped brackets and extensions for wire transpo-
sition (Figure 3.5), as well as fastening parts (struts, bolts, nuts, washers,
lag screws and clamps).

The crossarms are made from hardwoods (oak, pine), which are impregnated with
preservatives, or are made of angle steel. Given in Table 3.5 are the basic
dimensions and weights of wooden and steel crossarms. The crossarms are fas-
tened to the support with bolts and two steel struts, which are secured to the
support pole with a lag screw. On ferrocement poles, the crossarms are fas-
tened with steel collars.

The basic dimensions and weights of the spindles for wooden and steel cross-
arms are given in Table 3.6, and those for the hooks, in Table 3.7.
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TABLE 3.3 Basic Characteristics of Binding Wire

Line Wire Binding Wire —

Tensile Number of Approximate
| Material Diameter | Material Diameter Strength, Reverse Consumption
| No Less Bends Per Km,

Than, Kg/mmZ Through 180° Kg/Km

Steel 4.0 Steel 2.5 - 13 0.8
3.0 2.0 - 15 0.5
2.5; 2 :
and 1.5 1.2 - 17 0.2
Copper 4,0 and Soft _
3.0 Copper , MM 2.5 21 1.0
Bimgtal r 4.0 Bimetal 2.5 - - 0.8
of LOPPEL - 3 9 2.0 - - 0.5
2.0 1.2 - - 0.2
Figure 3.4. Section through an insulator.
; Z '
GA
H 7
A ~
d1 a
Support Poles . Y

Either wooden or Steel reinforced concrete posts, sometimes in wooden or con-
crete extensions, are used as support poles (Figure 3.6) on rural communica-
tions and radio installation lines.

Intermediate wooden support poles, held by support pole braces, which are
placed to the perpendicular to the line, are called storm guyed, and those
Placed in line with the lines, are called reinforced. These support poles
are set up when the conductors is six or more in regions without freezing
weather where the wind velocity can be 30 m/sec or more, and in freeze re-
gions for type N, U and OU lines for any wind velocity. The storm guyed
support pole is secured by one pole brace with an underground stay block.
The pole braces are set up in an alternating fashion, first on one side and
then on the other side of the line. A reinforced pole, where the wires are
placed on hooks, is secured by two pole braces or guys. On O and N type
lines, the storm guyed and reinforced poles are set up in an alternating
fashion, every other 1.5 Km, for type U, every other 1 Km, and for type OU,
every other 0.5 Km.
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TABLE 3.5. Basic Dimensions and Weights of Crossarms

Y

Shape and Cross o Spacing, mm
Type of Crossarm Sectional Dimen- - 0t31 g %w w11l Crossarm
P X Length, S v+ & 0gu Weight,
sions, mm om “’88 “%’46‘ K
880 ogu g«
douoHd TOOW
930 90  goau
2 g 3 w QB
bdo Bgwod
vogd ogodg
MOO mM@AP MO
Telephone type, 8 Rectangular, 2,500 200 500 -
spindle, wooden 100 x 80
The same, 4 spindle Rectangular, 200 500 -
100 x 80
Telephone type, 8 Angle, 50 x 50 x 2,400 200 500 10.75
spindle, steel for x 6
type O and N lines
The same, for type Angle, 60 x 60 x 2,400 200 500 13.1
U and OU lines X 6
The same, 4 spindle Angle, 40 x 40 x 1,000 200 500 2,45
for type O and N X 4
lines
The same, for type Angle, 50 x 50 x 1,000 200 500 4.5
U and OU lines x 6

Feed-in support poles are secured by a pole brace on the side of the wire
pull, where the number of wires is more than 16, they are doubled (using two)
and are equipped with dual crossarms with feed-in insulators.

Cable support poles, when the number of wires is no greater than 16, are
made as standard poles and are equipped with double crossarms, a cable box,
a cable platform and a ground. When the number of wires is greater than 16,
a twin or half-anchored support pole is used.

The cable boxes employed are of the YakKM long distance type with a capacity
of 4, 6, 8 and 10 quads (8, 12, 16 and 20 circuits).

Type YaKG city [cable] boxes, having capacities of 10 and 20 circuits, are
used on interexchange communications lines with nonmultiplexed circuits, as
well as on subscriber lines.

When the wires are suspended on hooks, inspection poles are equipped with
three collar ShO insulators, or a doubled number of hooks with insulators,
and when the wires are suspended on crossarms, they are equipped with inspec-
tion extensions with spindles and insulators. A ground consisting of a steel
wire is set up for inspection poles, and the poles are provided with steel
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TABLE 3.6. Basic Dimensions and Weights of the Spindles

E Length, mm Diameter, mm
T £ g &
ype o : . o M oo = N - .
Spindle Function g g 843 N 3 g Weight, Kg
@ ) oo TR Y 3]
i = c « =} i
- — o
— o 0 o o 0] )
s O S 0 N R= N
T R 0 o Bo B
2 8 w 8§ B3 Wl oW
& 8 p OO B oA O &
ShT-4D For wooden cross—- 190 110 80 M-12 12 12 0.29
arms and TF-12 and
TSB-4 insulators
ShT~4S  The same, for 100 20 80 M-12 12 12 0.13
steel crossarms
ShT-3D For wooden cross- 220 120 100 M-16 15 16 0.38
arms and TS-16 and
TSB-3 insulators
ShT-3S  The same, for 120 20 100 M-16 15 16 0.29
steel crossarms
ShT-2D For wooden cross- 240 120 120 M-16 16 19 0.46
arms and TF-20 and
TSB-2 insulators
ShT-2S  The same, for 140 20 120 M-16 16 19 0.32
steel crossarms
ShNK-~2  For inspection ex~ 155 35 120 M-22 16 25 0.51
tensions and brac-
ket supports with
TF-20 and TSB-2
insulators
ShNS-2 For I'-shaped sup- 155 35 120 M-18 16 23 0.40

port brackets and
extension plates
for wire trans-
position and trans—
ition supports.

climbing rungs. These support poles are usually set up at distances of 20
to 50 Km, depending on local conditions.

Transition support poles are made as semi—anchored poles, coansisting of two
pole beams with a spacing of 1,500 mm between their centers, and are fastened
together above the ground by a cross stay, and below the ground by a cross
beam. '
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| TABLE 3.7. Basic Dimensions and Weights of the Hooks
] T

é.s = & o E
B H E D o o 80
o Y o O i Uq & 1Y
4 g 0 o TR o E [SR= E
Tyne of goF . dgogcgae [HE
e o . o . - -
Hﬁk Function ﬁ%& ﬁﬁ 8?L§$$%u §%u )
HES e S5 595wl E58 O
S EBEQ m<o 8—!2&50&.40:@3
| KN-12 For TF-12, TSB-4, ShO-12, 12 80 130 12 53 0.21
| Sh0S-12 and RF-12
insulators
KN-16 For TF-16, TSB-3, Sh0-16 16 110 170 16 70 0.50
Sh0S-16 insulators
KN-18 For TF-20, TF-16, TSB-2 18 150 210 16 80 0.85
and TSB-3 insulators
KN-20 For TF-20 and TSB-2 in- 20 150 210 16 80 1.05

sulators on corner and
terminal support poles

KPD-16 Hanging type for wooden 16 144 335 M-16 40 0.84
crossarms and TF-16 and
TSB-3 insulators

KPS-16 The same, for steel cross-— 16 144 290 M-16 17 0.78
arms
KPD-18  The same, for wooden 18 144 337 M-18 40 1.06

crossarms and TF-20 and
TSB~2 insulators

KPS-18 The same, for steel cross- 18 144 292 M-18 17 0.97
arms
KR-10 For RF-10 insulators 10 58 95 10 40 0.125

Pine, oak and larch poles are used for making the wooden support poles, since
they are the most resistant to decay. Given in Table 3.8 are the dimensions
of poles for support poles and the beams for extensions, used for open wire
communications lines supports.

The wooden telephone poles are impregnated with preservatives. The most wide-
spread field method (simplified) of impregnating pine, spruce, cedar and fir
poles is the wrapping method. The preservative is applied in the form of a
paste to the part of the pole below the ground (buried) while it is placed on
the surface of the ground. Thereafter, a wrapping of roofing felt, ruberoid

[a roofing material] or water resistant paper, coated with a water repellant
(asphalt or an asphalt emulsion), and the edge of the wrapping is bound to the
pole with steel wire. The surface of the wrapping and the part of the log

3 cm above and below the wrapping are coated with waterproofing: Type B bitumi-
nous varnish or a solution of asphalt in kerosene. After setting the pole up,
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Figure 3.6. Types of wooden support poles:
a) Corner pole with guys; b) Semi-anchored type;
¢) Inspection type.

TABLE 3.8. Dimensions of Lumber Materials for Open Wire
Communications Lines Support Poles

Hasnauerne Gpeeen JHuamerp B BeplunHe, CM HAnuna, M
1. 2. Length, m
st onop 14—24 " 5,05 5.5; 6,0; 6,5;
F h 7.5; 8,6un 9,5
or the support 18—24 ‘11 m13
Jns npHeTanoK 14—24 : 2,75; 3,25 1 3,5
¥For the extension$ :

Key: 1. Function of the timbers; 2. Diameter at the top, cm.

the wrapping should protrude 10 cm above the surface of the ground. If it is
necessary to protect the entire underground part of the pole against decay,
then two wrappings of 60 cm each are applied, and a circular sole plate is
applied to the end face of the pole.

The compositions of preservative pastes and their consumption for one wrapping
are given in Table 3.9.

The timely impregnation of the support poles, with a moisture content of 20 -
30% is carried out using factory methods. The Ruping method: the impregna-
tion is carried out in hermetically sealed metal cylinders, where the preserva-
tive (a mixture of creosote and crude o0il) fills in the pores of the wood under
pressure. The hot-cold bath method: the logs are immersed by their butt ends
for three hours in hot (90 - 95° C) preservative (creosote), and then the
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TABLE 3.9. Compositions of Preservative Pastes and their Consumption
for one Wrapping

3

=
2. Cocras, %, 1O Becy 9 5 § .
1. ; sEen
R AR PEEE
1) 7] 8.{655° 9
Hanmenosasue nacTu 3 34 4.p S, ¥ | .8 L 288 *
S WAL pEEE
£% = 2 £26{55% O g3
aa = <1 [ ] [ XmEa
g5 | E | 5 | 5% |338| § |gEE
| 5 % Xk | 5O & |&o &S,
1.0. Burymuas 55 20 25 — — - 1360
. Ha KaMeHOYro/nbHOM )
11 . naxe 55 | — - 35 - 10 | 1360
Ha skctpakre cynb-
]_2 UTHHX 1eN0KoB 62 — —_ — 12 26 1200

Key: 1. Type of paste; 2. Composition in percent by weight; 3. Sodium
fluoride; 4. Asphalt; 5. Kerosene; 6. "B" bituminous varnish;
7. An extract of sulfite waste liquors; 8. Water; 9. Paste con-
sumption per one wrapping with a peripheral length around the pole
of 100 cm, in grams; 10, Bituminous; 11. Based on bituminous var-
nish; 12. Based on the extract of sulfite waste liquors.

temperature of the preservative is reduced to 40 - 45° C. In this case, a
vacuum is formed in the pores of the lumber and they are filled with pre-
servative. Prolonged soaking (10 days) is carried out in baths with an aque-
ous solution of uralite or sodium fluoride.

The overall height of the support pole, H, is defined as the sum of the height
of the part above ground:

Ho = b+cn-1)+£f + hclearance (3.1)
and the height of the buried part of the support pole, hpyy:
H=H, * by (3.2)

where b is the distance from the top of the support pole to the center of
the upper crossarm or to the upper hook, in m;}
c is the distance between the crossarms or the hooks, m;
n is the number of crossarms or the maximum number of hooks placed
on one side of the support pole;
f is the amount of sag of the conductor at the highest temperature
based on Table 3.10, cm;

h is the line clearance determined from Table 3.11, m,
clear

The depth to which the support poles are sunk depends on the number of wires

suspended, the overall length of the support pole and the soil classification
(Table 3.12).
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TABLE 3.10. Amount of Sag for Steel and Bimetal Conductors

Tnwa 2. Crpems nposeca, ¢M, NpH TeMriepaType so3fyxa, °C
1. npone-
Ta, M ) —40 | —30 | —20 | —10 0 +10 | 420 | 430 | +40
- 3. Tposona muamerpoM 2,550 MM
40 10 11,5 | 14 17 21 26,56 32 | 38 44
50 15,5 ] 18 21,5 ] 25,5 31 37 44 51 57
62,5 | 24 27,5 | 33 38 45 53 60 69 77
83,3 | 42 48 56 63 73 82 92 102 110
100 61 69 78 88 98 110 120 135 1_42
4! ~Hpoeona auamerpoM 1,5-2,0 mm -
40 8 ‘9 112 14 {17 20 | 25 30
50 14 15 17 19 22 26 | 31 37 43
62,5 21 23 27 30 35 39 47 55 - 63
83,3 41 43 47 53 60 68 78 " 89 100

Key: 1. Span length, m; 2. Amount of sag, cm, at an air temperature
of, ° C; 3. Conductors with diameters of 2.5 - 5.0 mm;
4, Conductors with diameters of 1.5 - 2.0 mm.

TABLE 3.11. C(learances of Open Wire Communications and Radio Network Lines

Magnitude, in m, for

Clearance the communications line

Distance from the ground to the lower conductor for 2.5
lines running along railroad tracks, outside of popu-
lated areas

The same, for lines running along highways, outside 3.0
of populated areas

The distance between the lower conductor of one, and the 0.6
upper conductor of another communications line, at their
intersection, for the lowest and the highest temperatures

Distance between the lower conductor of the line and the 7.5
rail head when the line crosses a railroad bed for normal
and narrow gauge track

Distance between the lower conductor of a line and the 2.0
cable carrying the contact conductor of an electrified

railroad

Distance from the ground to the lower conductor of a line 5.5

when crossing highways

Distance from the line support poles to the head of the 1.3 times the height
closest rail when the line is run along a railroad bed of the part of the
pole above ground
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TABLE 3.11. [Continued] Clearances of Open Wire Communications and
Radio Network Lines

Clearance Magnitude, in m, for
the communications line

Distance between the lower conductor of a feeder RT 1.25
[radio repeater] circuit, and the upper wire of a

communications line, as well as when radio repeater

network lines cross each other

The distance between the axes of the support poles 8.5
of communcations lines running parallel to each

other in the presence of only long distance circuits

and a nonferrous metal circuit multiplexed with

three or twelve channel equipment

Horizontal spacing between the conductor closest to 2.25
to a building and the vertical plane passing through

the edge of a cornice or some other protruding part

of the structure

The distance from the highest masts of ships passing 1.0
along a set water route at maximum high water to the

lowest conductor of a line when it crosses rivers and

channels

TABLE 3.12. Soil Classification

Soil Soil
Classification Designation

Characteristics

I ‘ Soft Sand, friable vegetative soil, chernozem, peat,
light loams
11 Firm or Quicksand, packed vegetative soil, peat with the
Marshy roots of bushes, gravel, sand and vegetative
soil with crushed gravel or pebbles, pure fertile
clay
III Stony Heavy friable clay, shale and schistous clays,

chalky rock, soft sandstone, sectional rock.

v Rocky Hard sandstones and limestones, continuous rock,
quartz rock.

The height of the above ground part, Hy, is first determined from expression
(3.1), and then the approximate depth is found from Tables 3.13 and 3.14, and
the overall length is specified more precisely from Table 3.8 as applied to
the set dimensions, or the need to set up supports in extensions or supports
made up of two timbers is established.
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TABLE 3.13. Depths to which Reinforced Concrete and Wooden Support Poles
are Set In for Class III Communications and Radio Repeater
Network Lines

2. TayGuda sam, M, Rns Kateropuft rpysra

1 Yeno W=l TT gnd TII| v
« TPOBOIOB 3. mpu anEHe Onopm, M
6,5 ‘ 7,5 8,5 9—11 | 6,5 7.5—8,5
Up to 6 Hos 1,2 1,3 1,4 1,5 0,9 - 1,1
Up to 12 Mo12 1.2 1,8 1,4 1,5 0,9 1,1
Up to 24 Jlo24 1,4 1,4 1,5 1,6 0, 1,1
Up to 40 Ho 40 — 1,6 1,6 1,7 - 1,1

Footnote: In Category I soils, and on the slopes of hills with a slope
greater than 45°, the holes are dug out 0.15 m or more addi-
tionally.

Key: 1. Number of conductors; 2. Depth of the holes, for the following
soil classifications; 3. For a support pole length of, in m.

— ‘ c Given in Table 3.15, by way of example, are
$ 1, cewenie the basic dimensions of wooden support poles
; ' for the most widely disseminated size of
nid
d 2, Levenue Ferrocement support poles and extensions are
ars &n M=125%175mm made rectangular in the following types
= i W% (Figure 3.7):
(ng* ‘ 8 -= PO: lightweight support pole with unstres-
-~ b ' 3 m?””; sed reinforcing steel;
- /7 -
0] @mﬂiw%@mm —— PON: lightweight support pole with pre-
, m , ‘ stressed reinforcing steel;
1) N '
m{ -= PR: rectangular attachment with unstressed
Hﬁ S reinforcing steel.
hl N
"l;
WI The PO and PON support poles, and PR exten-

sions, are designated in terms of their de-
sign bending moment (for example, P0O-1.75:
bending moment, 1.75 ton-m).

Figure 3.7. Ferrocement pole

of the PO type. Indicated in Table 3.16 are the dimensions
of ferrocement support poles, and in Table
3.17, the height and design bending moments
of the support poles (for the 3.0 m size),
and in Table 3.18, the dimensions of the
extensions.

Key: 1. Section through 1-1;
2. Section through 2-2,

for M = 1.25 -~ 1.75 t°'m;

3. Section through 2-2, for
M=2,75 - 6.8 tem.
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TABLE 3.14. Depth to Which Transition Support Poles are Set In

. BuicoTa onop o
Yncno nposoKos O6wan BLCOTA  |ngpomnmoro noaor- | FenuuHa sarayg-
1. omop, M Ha, M Aienus onop, M .
2 . 3 . '
Ho8 Up to 8 | .. 12.8 1 1,8
Ho ISUP_tO 16} - 13,5 11,6 1,9
Ho 24Up to 24 14,5 12,5 2,0
Ho 32UP to 32 15,0 R 13,0 2,0

Key: 1. Number of conductors; 2. Overall support pole height, mj
3. Support pole height from the road bed, m; 4. Depth to which
the support poles are set in, m.

TABLE 3.15. Dimensions of Wooden Support Poles (for a clearance of 3.0 m)

Obmas MHHHMaNBHBIE AUAMETD ONOP B BEpUIHHE, CM,
Uucno | Mpoduns s ono- BNsl THHHH THTIA .
TIPOBOAOB OnopH! PH, M .
1. 2. 3. oo HN|.Yuy|l % ou.
] 1 and 8 .
4 148 6.5 12 12 12 ‘13
118 7.5 12 14 14 - 15
12 .5 8,5 12 14 16 19
16 216 8,5 14 17 18 20
20 | 3u7 |7,5u8,5 15 18 19 - 21
24 4 6,5 16 18 19 22

Key: 1. Number of conductors; 2. Support pole configuration;
3. Overall length of the support pole, m; 4. Minimum support pole
diameter at the top, cm, for a line of the type:.

TABLE 3.16. Dimensions of Ferrocement Support Poles

Type of PacuerHnift u3- ’

I Tun onop ruGaomun Mo- | BHICOTA ONOpH ﬂonepequoeﬁ Macea, Kr .

Iy : MeHT, T-M M ceyeHue, CM _

| Support Roles | 5, 2. 3. 4.

{PO-1,7510-1,75 . 1,75 6.5 2414 843

PON-1,7500H-1,75 7.5 390

P0-2,75M0-2,75 2,75 6.5 2414 :;:

; OH-2,75 7,5

ON-2.73" :

PO-4,4 T10-4.4 4,4 75 30X18 735
PON-4.4 TOH-4.4 8.5 810
PQ-6.8 Tmo-6,8 6,8 7.5 30x18 725

PON—6 . 8 TIOH-6,8 8,5 . 810

. . ‘ e e

Key: 1. Design bending moment, t-m; 2. Height of the support pole, m;
3. Cross section, cmz; 4. Weight, Kg.
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TABLE 3.17. The Height and Design Bending Moments of Ferrocement Support
Poles (for a clearance of 3.0 m)
1. Hnusa nponera, M
"50
YHes0 IIPOBOAOE i | 62,8 | 833
Number of Wires 2, RN R mRna
; 00| H y| vy 050U] ool HNI o
. Bo 8 (ekan.) 5.75 8.5 6,5
Up to 8 (inclusive] .75 - LT5 1,78
To 16 (xa.) 5.5 8.5 16516565 -
~ Up to 16 (inc.) 1,75 2,75 | 4,4 | 1,75 | 2,75 .
16 24 (sn.) 5.5 1 6.5 | 6,5} 7,5 | 7.5 78|
Up to 24 (dinc.)| 178|275 4.4 | 6.8 | 2,75 | 4.4
Footnote: The length is given in the numerator; and in the denominator, the

design bending moment of the support pole.

Key: 1. Span length, m; 2. For the following types of lines.
TABLE 3.18. Types and Dimensions of Ferrocement Extensions
PacuetHuifl uaruGaromut mo-
MEHT, T+M, IIPHCTABOK TMorepeu- Hansa  Macea
Tunn IpHCTaBOK HOe ceve- | MPHCTABKH | NPHCTABKH
l BFIOHEPEK .'IHHHHF.BAOJH’: JIRHRY Hue, cu? M Kr :
ORHOK BYX | onHON . . '
g ¢ !él_y oguoft | peyx | 7 8. 9.
PR-0.6 nr-0,6 0,65 | 1,76 | 0,42 0,84 | 14x15 | 2,813 Ji?ssn&fsglsg
PR-0.8 np-0,38 0,80 [ 2,75 0,57 | 1,14 | 14x17 | 3u3,2 | 1791 190
PR-1.2 mP-1,2 1,2 | 4,4 | 0,61 1,22 14x20 | 3u3,2 | 210u 224
PR~-2.0 TP-2,0 2,0 16,8 [1,0 | 2,0 14%x20 13,213,5{165u 175
Key: 1. Type of extension; 2. Design bending moment, in t-m, of the ex-
tension; 3. Perpendicular to the line; 4. Along the line; 5. Of one;
6. Of two; 7. Cross section, cmz; 8. Length of the extension, m;

9. Weight of the extension, Kg.

The height of ferrocement or wooden extensions for wooden support poles is
determined as a function of the depth to which these support poles are dug
in, and amounts to 2.8 m for a hole depth of 1.1 - 1.3 m, 3 m for a hole
depth of 1.4 - 1.5 m, and 3.2 m for a hole depth of 1.6 - 1.7 m.

The support poles are secured in the extensions by means of two clamps of
steel wire with a diameter of 4 mm. The distance between the clamps is

100 cm, and the overall length of the coupling of the extension to the sup-
port pole is 135 cm. The support pole should be set off from the surface of
the ground by 30 - 35 em. The number of turns in the clamp is specified in
Table 3.19.
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TABLE 3.19., The Number of Turns of Steel, 4 mm Wire in Collar Clamps for
Securing Support Poles to Extensions

: ]LIHCJIO BHTKOB IHDOBOJIOKH IPH 4YHC/JIE TOABEWIeHHbIX HDQBOAOB
Tun NHHEH
Type of Line noG(mmJZ} -1z | 13—16 17—24
O & NOuH 4 4 4 i—6
Yy u- 4 T -6 8 . 8
oY og 4 6 10 10

Key: 1. Number of turns of wire for the following number of suspended lines:
2. Up to 6 (inclusive).

Complex ferrocement support poles, for example, twin and anchored types, are
made up of two intermediate support poles and are secured by guy wires with
stay blocks.

To protect against damage to the concrete and the reinforcement fittings, the
lower part of ferrocement poles, which are set up in salt marsh and peaty soils,
in cities, and along electrified railroad lines, are coated with asphalt.

The Electrical Characteristics of Open Wire Circuits

The transmission parameters are broken down into primary and secondary ones,
and the electrical characteristics of open wire communications line circuits
are given in the appendix.

The primary transmission parameters are the active resistance, R, the
inductance L, the capacitance C, and the conductivity of the insulation, G.
The DC resistance of two wire circuits of open wire communications lines, R,
at a temperature of +20° C is determined by the expression

R =

, = 0222 oms/kn (3.3)

ds

where p is the specific resistivity of the conductor metal, Ohm - mmz/m, at
t = 20° C (Table 3.20); d, is the diameter of the conductor, mm.

TABLE 3.20. The Specific Resistivity and Resistive Temperature Coefficient

Specific Resistivity at

Conductor Material + 20° C, Ohm « mm2/m Resistive Temperature Coefficient
Copper 0.01785 +0.0039
Standard Steel 0.139 +0.0046
Copper Steel 0.146 +0.0046
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At a temperature t, other than +20° C, Ry is determined from the formula:

Rt=R0[1+aRo (t—20%) (3.4)

where AR, is the temperature coefficient of resistance (Table 3.20).

The active AC resistive component for two wire circuits is determined from
the expression:

R_=Re[1 +F(x)], (3.5)

where R, is the DC resistance of the circuit at the temperature t;
FEX) is a function which takes into account the increase in resistance
due to the skin effect, determined from Table 3.21.

TABLE 3.21. The Functions F, G, H and Q for Various Values of x

x F (%) ‘ G (x) H (%) Q (%)
0 o . X 0,0417 1,0
, 64 o
0,5 0,000326 | -0,000975 0,042 0,9998
1,0 0,00519 | 0,01519 0,053 0,997
1,5 0,0258 0,0691 0,092 0,987
2,0 0,0782 9,1724 0,169 0,961
2,5 0,1756 0,295 0,263 0,913
3,0 0,318 0,405 0,348 0,845
3,5 0,492 0,499 0.416 0,766
4,0 0,678 0,584 0,466 - | 0,686
4,5 0,862 0,669 | 0,503 10,616
5.0 1,042 0,755 0,530 | 0,556
7,0 1,743 1,109 0,596 0,400
10,0 ‘ 2,799 | 1,641 0,643 0,282
>10,0 1/‘2?4:—3 ”’;‘l 0,750 | 2 1/7

The quantity x for different conductors is determined from the formulas:

MénswxX x = 0,0105 dy V'F

Copper 3
Aluminum amomunmessix x = 0,0082 di VT (3.6)
Steel cramunx x = 0,0375dy VT )

where d is the diameter of the conductor in mm; £ is the frequency in Hz.
Depending on the meteorological conditions, the AC resistance of a circuit

is computed for the most severe conditions at the following temperatures:
+20° C, dry and damp; -20° C, dry; +2° C, ice crust; -10° C, rime.

- 64 -



The resistance of bimetal conductors is defined as the parallel resistance
of conductors of the different metals:

R01R02
R = T,
® R+ Rue (3.7)

The active resistance of a bimetal conductor at any frequency is determined
from the formula
R"= ’ 2 ”

- Re=Rog (3.8)
where R! is the DC resistance of the solid copper or aluminum conductor, the
diameter of which is equal to the diameter of the bimetal conductor, in
Ohms /Xm; do

q = =—
d1
where dj is the diameter of the steel core, mm;
d2 is the outside diameter of the bimetal conductor, mm;
k' is the factor taking the surface effect into account, which depends
on q and the auxiliary quantity y
y=2,124'§- o5

f 1is the frequency in Hz.

When carrying out the calculation for a steel-aluminum conductor, 1.672 is
to be substituted for y 1in the formula, instead of the factor 2,124,

The inductance of a two wire open air line communications circuit is defined
by the expression:

L — [ 41n%+LLQ(x)] 10—,
0

(3.9)
where a is the spacing between the conductors of the circuit in cm;
dy is the diameter of the conductor, mm;
Q(x) is the function determined from Table 3.21.
The inductance of bimetal conductors is equal to:
‘L,—~—-[4In f— + rc"]- 1074, (3.10)
. 0

where a is the spacing between the conductors, cm;
d, is the diameter of the bimetal conductor, mm;
k" is the factor which takes into account the influence of the
surface effect (determined from the table found in ITSE, the issue
on "Kabel'nyye i vozdushnyye linii svyazi" ["Cable and Open Wire
Communications Lines'"], Moscow, ""Svyaz'" publishers, 1966 (page 331,
as a function of the quantities y and q).

The inductance of the circuits does not depend on the presence of hoarfrost
and ice build up on the conductors.
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The capacitance of a two conductor circuit for open wire communications lines
is determined from the formula:

1,05a 10-5
- 3In— (3.11)

The insulation conductivity of open wire circuits depends on the frequency,
weather, and condition of the line insulators, and is determined from the
formula:
G = Go + nf (3.12)
where Gy is the DC insulation conductivity;
n 1is the factor taking into account the losses in the dielectric
for alternating current;
f is the frequency in Hz.

During dry weather, Go is taken as G, = 0.01 - 10—6 mho/Km, and n = 0.05,
while for summertime dry weather, G, = 0.5 - 10-6 mho/Km, and n = 0.25.

Included among the secondary transmission parameters for communications cir-
cuits are the characteristic impedance Zp, and the wave propagation factor vy.

The characteristic wave impedance for open wire communications circuits is
determined by the expression:

Z_l R4iol

BTV GtieC (3.13)

For circuits of nonferrous metal at frequencies above 10 KHz, the characteris-
tic is determined from the simplified formula:

T 3.14
Zp= . ( )

The wave propagation factor for all frequencies which can be transmitted is
determined by the expression:

y=a+iﬁ=V(R+imL)(G+i_m€), (3.15)
where o is the attenuation is the attenuation coefficient, dB/Km (Nep/Km);
B is the phase coefficient, radians/Km.

The attenuation factor for an open wire line communications circuit in the
case of ice build~up is determined from the formula:

r=o+ Aoy, (3.16)

where o is the attenuation factor of the circuit in the absence of ice,
dB/Km (Nep/Km) ;
Aup is the increment for the circuit attenuation factor occasioned by
electromagnetic energy losses during icing, dB/Km (Nep/Km).
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The quantity Aap is determined from the approximate formula:

I'p
” In —

1 e r
Ady = —
e e rer e (3.17)

,,,.’

where B is the phase coefficient in the absence of ice build-up;

8ll

(€2 + (e")?
-3

frequency of 0.8 KHz, it is 2.1 - 10_3, at 10 KHz, 2,5 + 10 7, and at
30 KHz, 73 - 1073);

is the dielectric permeability factor of the ice (at a

rp is the equivalent radius of the ice build-up formation, cm;
r is the radius of the conductors, mm;
o 1is the spacing between the conductors, cm.

The phase factor and the characteristic impedance of the circuit for ice
formations is determined from the approximate formulas:

. r r .
r=p 1+2 — | Z,=Z; 1._l_
a 2 a
In— In —-
. r Sy

The equivalent radius of the ice formation is defined in terms of the mass
of the ice or hoar frost build-up, P,, i.e. the weight of the water in grams
per running meter of conductor:

P,
=} 308" (3.19)

The thickness of the ice build-up layer as a function of the weight of the
water per one running meter amounts to 3 mm for a water weight of 50 g, and
up to 12 mm for a water weight of 500 g, while for hoar frost, it is 5 and
20 mm respectively.

The parameters for the coupling between open wire line communications circuits
are the crosstalk attenuation and the isolation.

The crosstalk attenuation is expressed as the logarithm to the base ten or
1/2 the natural log of the ratio of the power of the generator Py driving the
exciting circuit to the power of the interference P in the circuit subject
to the influence, and is measured in dB or Nep respectively:

1

Py
, JIB; A=-—§-]n

Py

A=101g

;}1,_Hn.Nep; (3.20)
b

For the case of identical matched loads on the mutually influencing circuits,
it can also be represented as the ratio of voltages or currents in the
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driving (uj, I7) and in the driven (up, Iy) circuits:

A =20lg %
R 2

1
=20
2Ig|1

iB mm R, or
' (3.21)

=In Hn Nep

In considering the coupling between communications circuits, two forms of
energy transfer are distinguished: at the near end, and at the far end. The
influence manifest at the end of the circuit where the generator is located
is defined as the crosstalk attenuation at the near end,

Py
Ap=101g |2 us M Ao LI T Hn, (3,22)
dB o 2| P

 Nep.

where Pjg is the power at the near end of the driving circuit,
P9g 1s the interference power at the near end of the circuit which is
driven.

In the case of identical circuits (Zgy = Zpy), the magnitude of the crosstalk
attenuation at the near end can be expressed in terms of the corresponding
voltages and currents:

Uy

Ay = 201g

I
=201gl—19-1115 mm dB, or
Uso | 190 )

Ao =In|— u].O

® Hn.Nep. 3.23
‘ ]20 Nep ' ( )

237

The influence manifesting itself at the opposite end, remote from the generator,
is defined as the crosstalk at the far end:

P10 <
B nan A;=-E-ln P , Hun, (3.24)

dB, or Nep.

Py
Ap= 10
1 gl 5 P

where Pjp is the power of the generator connected into the driving circuit
(at the near end);

| ' Pg1 is the power of the interference in the circuit, subject to the

| influence at the far end.

For identical circuits, the crosstalk attenuation at the far end is defined
as:

Al—-20lg| l—-201gl——|)15mn dB _or

I

u10
—i=1In

uay

Ar=1n

ol

Ho. Nep (3.25)

Most frequently employed in communications engineering is the parameter for
the coupling, the circuit isolation, Aj, which takes the form of the differ-
ence between the useful signal power and the noise power, A = Pg - P,. For
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circuits with identical parameters, the isolation Aj; is numerically equal to
the difference between the crosstalk attenuation of the cable at the far end
and its inherent attenuation al:

Ay = A7 - al (3.26)

The isolation between circuits at the far end can be defined by the expression:

Py

2

P 1
A= IOIgIP—ll'nB Wi Az =-~—1n
P
..~ T"dBor "

Hn. Nep (3.27)
P2l S — -

For the case of audio frequency communications, the magnitude of the cross—
talk attenuation is normalized at the near end, A,, and for high frequency
multiplexing, the magnitude of the crosstalk attenuation at the near end, Ao,
and the isolation at the far end, AiZ, are normalized. Under the existing
norms, these quantities are specified in nepers, so that the resulting cross-
talk attenuation at the near end, A,, between any pair of circuits at a fre-
quency of 800 Hz should not be less than 75.5 dB (8.7 Nep). This norm is de-
fined for a useful signal reception level of 28.6 dB (3.3 Nep). If the level
is higher, then the crosstalk attenuation norm can be decreased. Thus, for
example, if the useful signal level is 1.0, then Aop = 54.7 dB (6.3 Nep).

For multiplexed, the magnitude of the crosstalk attenuation is normalized for
the purpose of eliminating the influence at the far end due to reflection from
the near end. The resulting crosstalk attenuation at the near end of the line
between multiplexed circuits of identical material, over the amplified section
throughout the frequency range of the multiplexing, should not be less than
the quantity:

1 —_
Awp=As+ — 10N +1ny2p+0,4,
e (3.28)

where Az [Aj] is the norm for the isolation of the useful signal from the
interference. The magnitude of the isolation from the audible crosstalk con-
versation on a steel circuit is 46.9 dB (5.4 Nep), and for a copper or bimetal
(TsM) circuit, is 50.3 dB (5.8 Nep); N is the number of amplifier stages
between the repeater stations. The magnitude of N is determined from Table
3.22; p is the reflection factor. For the case of matched devices, it is
assumed equal to 0.2 for frequencies up to 30 KHz, and 0.1 for frequencies
above 30 KHz.

The norms for the resulting crosstalk attenuation at the near end of the line
at frequencies up to 30 KHz, between steel circuits, are given in Table 3.23.

The norms for the resulting crosstalk attenuation at the near end of the line
between a nonferrous metal circuit and a steel one can be determined from the
following expressions.

For frequencies transmitted via a nonferrous metal circuit from the far end:

Aop = Ai + Inp + 0.4 + Ocstzst + Pnfm ~ Pst ~ O‘nfmznfm (3.29)
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For the frequencies transmitted via a nonferrous metal circuit from the near
end:

Aop = Aj + Inp + 0.4 + agt + Ppfy — Pst — Onem2lnfm - Zst) (3.30)
P

In these expressions, Aj = 46.9 dB (5.4 Nep); p is the reflection factor (0.2);
Pnfm and pgt are the transmission levels at the beginning of the nonferrous
metal circuit and the steel circuit respectively; opfp and age are the attenu-
ation coefficients for the nonferrous metal circuit and the steel one respec-
tively; l,¢p and lg. are the lengths of the amplified section of the nonferrous
metal and steel circuits respectively.

The norm for the isolation between the circuits at the far end is determined
from the formula:

o
fampaty (3.31)

where N is the number of amplifier sections between the repeater stations.

The Transposition of Telephone Circuits

In order to decrease the mutual influence between open wire communications
line circuits, the telephone circuits are transposed, which consists in the
systematic mutual alternation of the positions of the circuit conductors.

To carry out the transposition, the lines are broken down into sections. The
section of a line, over the extent of which a complete transposition cycle is
made, is called a tramsposition section. The section is subdivided into short
sections of equal length (usually two spans) termed elements. The lines of
rural telephone networks with span lengths of 83.3 and 100 m have average ele-
ment lengths of 83.3, 100, 166.6 and 200 m.

There are main sections, which consist of 128 or 256 elements, and abbreviated
sections, consisting of 64, 32, 16 and 8 elements. For each circuit, a set
order for the transposition ordering is established over the extent of the
section, called the tramsposition configuration, and which is designated by
simple indices (1/2, 1, 2, 4, 8, 16, 32, 64 and 128), or by combinations of
indices (1-2-16-643; 8-16-32). The index 1/2 indicates that the transposition
of the circuit conductors is accomplished uniformly over half of an element,
i.e. at each support pole; 1 indicates that this is done for each second sup-
port pole; the index 2 indicates that it is done for each fourth support pole,
etc. A combination of indices, for example, 1-2-16-64, indicates that the
transposition is carried out nonuniformly, i.e. on the 1, 3, 5, 7, 9. 11, 13
15, 16, 17th, etc. elements.

Standard transposition circuits have been worked out for all open wire com-
munications line configurations. Shown in Figure 3.8 are typical configura-
tions for certain of the most frequently encountered configurations on rural
telephone networks.

The placement of steel circuits, which are multiplexed up to 30 KHz, on the
support poles, where typical transposition configurations are used, is shown
in Table 3.24.
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Figure 3.8. Standard transposition configurations for the most
frequently encountered support pole configurations:

a) No. 1; b) No. lag
Key: 1. 128 element [section].
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Figure 3.8.
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Standard transposition configurations for the most
frequently encountered support pole configurations:

c) No. 2 and 2a;
Key: 2. 256 element [section].

d) No. 6 and 6a.
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Figure 3.8.
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Standard transposition configurations for the most
frequently encountered support pole configurations:

e) No. 7 and 7a3 f) No. 8.
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TABLE 3.24. The Positioning of Steel Circuits on Support Poles
l- Ne . Homepa MeCT Ha ONope AN CTANABHBIX YIUJOTHEHHBIX .
npoduns . 2 ueneft :
1 1, 3, 5
&
la 1,2, 3, 4us5
2 1, 2,73, 4,5 70R1,23, 4,688
2a 1, 2,3, 4,5,6,7, 8
6 1, 2, 4, 6
. 6a 1, 25,3, 4, 5, 6
7 1, 2, 3, 4, 5, 6, 8
7a 1, 2,3,¢,5,6, 7,8 v
8 1, 2,3,4,5,6,7,8, 8, 10
Key: 1. Configuration No.; 2. Number of locations on the support

pole for steel multiplexed circuits.

- ]

PEXGUU Sections

128-anem, E4-gned. JZ-3NEM. 32 Element
3'7517’!'!5‘525'?8-75'5/; 16-64| |81832|16-3218-18 IET 4-~1612-8 18-i5| 15
16 | 8 [5-52(352)| 16 | 8 |r6-dz\gisaz|| 15 & | 4 (248
; 18-16115-54|8-32 1652641 | 8~16 | 16 |8-32|15-32| |8-151 18 2-4-8] 2-8
o242 18 | 8 |\w-sz|gwiz] 5 | 6 || 4 |o44] 15 | 2
§-JL |163264) 8-16 | 16-54 | 1832 |16-52\8-16 | 15 ||z-4-6]2-9 | 476 | 1%
16-anem. 8-aneM. 8 Element
2-4 [2-5 |4-4 |12 o1 T2 [z}
46 | 8 | 4 |2-8 1-2 1124 4 |2-4
8 |4-8l2-4] 4 2-4 {1-2 {2-4 | &
4 |2-6 (4-8 ] g 4 12-4 112 12y
24 4 {8 l4-8 -4 1y gy |-z

The transposition configurations for subscriber telephone
circuits.

Figure 3.9.

The following circuit positioning is provided on open wire communications
line support poles for rural telephone networks. For one and two stage net-
work configurations, circuits are positioned on the first and second cross-
arms, which are intended for multiplexing and have conductors of the same
material and diameter. The subscriber lines are positioned below the multi-
plexed circuits.

The transposition configurations for subscriber telephone circuits are shown
in Figure 3.9.

- 75 -~

Where there are cable mounting installations at the crossovers



or feed-ins into the exchange building, the transposition configuration is
realized without taking into account the cable mounting imstallation. When
conductors are connected to the cable cores, care must be taken that the cir-
cuit is not artificially transposed. One does not have to transpose subscri-
ber circuits with lengths up to two kilometers.

Subscriber circuits can be branched from any support pole. One can branch
high frequency steel circuits:

—— For a 128 element section, at the end of the 32nd, 64th, 96th and 128th
element;

-- For a 64 element section, at the end of the 16th, 32nd, 48th and 64th ele-
ment;

— For a 32 element section, at the end of the 8th, 16th, 24th and 32nd element;
— For a 16 element section, at the end of the 8th and 16th element;

—— For an 8 element section, at the end of the 8th element.

The branching off of steel, nonmultiplexed circuits of junction lines, where
multiplex circuits are present over the same line, should be accomplished
from the 8th, 16th, 32nd, 48th or 64th element. On lines where there are no
multiplexed circuits, the branching device is permitted at any point on the
section.

The transposition of telephone circuits and radio repeater circuits, colocated
on common support poles, is accomplished in accordance with the "Instruktsiya
po podveske fidernykh radiotranslyatsionnykh tsepey i tsepey sel'skoy tele-
fonnoy svyazi" ["Instructions for Stringing Feeder Radio Repeater Circuits

and Rural Telephone Communications Circuits"], (Moscow, Svyaz' Publishers,
1964).

The Construction of Open Wire Lines

The construction of open air lines is realized in accordance with project
plans, and includes: laying out the lines over the terrain; cutting out a
cleared strip, branches and undergrowth; digging out the holes and delivering
the materials to several places; rigging, installing and securing the support
poles; unwinding and stringing the wires; numbering the support poles and the
wires.

When laying out the line over the terrain, the locations for setting up each
support pole are marked by wooden stakes, the line is run straight between
its turning points, and the set spacings between the support poles and the
line turning angles are observed. Outside of populated points, the normal
departure angle should not exceed 15 m, i.e. the internal turning angle should
not be less than 145°, while the outer one, not greater than 35°. Given in
Table 3.25 are the angular departures corresponding to the normal departure
for span lengths of 60 and 40 m.
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TABLE 3.25. Angular Departures Corresponding to the Standard One for
Span Lengths of 60 and 40 Meters

Buyrpennuii yroa HopManphmit 3EuneT Y308, Tpap, mpi rposere, M
l_. noropora, ° 2-. - BHJIET, M © 60 I 40
173 -3 3.6 2,_4
168,5 . 5 6 4
163 7.5 9 6
157 10 12 8 ..
145 15 18 i2

Key: 1. Internal turning angle, in °

3 2, Normal departure, in m;
3. Departure of the angles, in °

, for a span length, in m, of:.

The holes are dug out mechanically using BKGM-AN-63, BUS-6 or D-453 crane
drilling rigs. When done manually, the holes are dug out in a stepped trape-
zoidal shape. A hole for the pole brace is dug at the same as the hole for
the corner or feed-in support pole. The spacing between the hole for the
pole and the hole for the pole brace is 4 m for a pole length of 6.5 m.

Rigging the support poles consists in cleaning the support pole, dressing
its upper part, rought hewing the top to a double slope, drilling the holes,
screwing in the hooks or securing the crossbar, mounting the hooks or ex-
tension fishplates for transposition, and screwing on the insulators. The
spacing between the hooks and the crossarms is chosen in accordance with
Figure 3.1. Two hooks are mounted on corner support poles when the departure
of the angle is greater than 7.5 meters for type O and N lines, and 5 meters
for type U and OU lines; and for the crossarm configuration of the line, the
crossarms are mounted in a plane dividing the angle in half. Dual crossarms
are set up. When the departure of the angle is greater than 7.5 meters on
the support poles, which are adjacent to the corner pole, the crossarms are
placed on the side of the corner support pole. Lightning rods and grounds
are rigged on support poles, where a provision is made for this in the plan.

The support poles are set up using a crane drilling rig, or manually by means
of a lever and cant hooks. After being set up, the support pole is tilted,
lined up and tamped in.

When constructing a line in rugged terrain, and using a crossing unit, the
line is gradually raised and lowered in a vertical plane so that the suspen-
sion points of the conductors on two adjacent support poles do not differ by
more than 2 m,

Before stringing a steel wire, it is stretched out by means of tackle blocks,
and the magnitude of the force, which is monitored by a dynamometer, should
not exceed 230 Kg for a 4 mm diameter wire, and 130 Kg for a 3 mm diameter
wire. The wire is inspected after being stretched. On copper and bimetal
line wires, rough places and bends which are detected are smoothed out with
a wooden hammer on a flat piece of wood.
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The ends of steel conductors are joined together using type 1-3.2 thermite
muffle cartridges for 3 mm diameter conductors, and 2-4.2 types for 4 mm dia-
meter conductors. A steel conductor is joined to a bimetal one by the same
method. In the absence of thermite muffle cartridges, the steel wires are
joined together by soldering. The cleaned and tinned ends of the conductors
are placed against each other, wound with soft steel, galvanized wire having
a diameter of 1 mm, are soldered over a length of 40 - 50 mm, the ends of the
line wire are bent back, and the winding with the tie wire is continued for
10 - 15 mm.

The ends of copper and bimetal conductors are joined together by copper tubes
using a special screw stock and wrench. For 2.5 mm diameter conductors, tubes
with a hole diameter of 2.8 mm and a length of 100 mm are used, and for 3.0 mm
conductors, a 3.3 % 120 mm tube, and for a diameter of 4 mm, a 4.4 x 150 mm
tube. Small diameter (1.5 - 2 mm) steel and bimetal conductors are connected
together by double twisting.

The conductors are unwound from cable drums which are moved along the line on
a motor vehicle or wagon.

After splicing, the steel conductors are stretched out by tackle blocks, while
copper and bimetal ones are lined up without tensioning.

The stringing and tying of the conductors is accomplished simultaneously on
several ( four to five) adjacent support poles. The wires which are positioned
on the insulators and secured at the end pole are tensioned by tackle blocks
until achieving the specified suspension sag (Table 3.10) and are secured with
binding wire. On the intermediate support poles (in a straight line), the con-
ductor is secured in the recess of the insulator head, and at corner poles, on
the neck of the insulator.

The support poles on rural communications lines are numbered with sequential
numbers, where the digits are positioned horizontally, and above the digits,
the two last digits indicate the year the pole is set up. If there are more
than a thousand support poles on a line, then the digits designated the thous-
ands are written only on each tenth support pole. The support poles are num-
bered beginning with the feed-in one standing close to the terminal or ampli-
fier point, and which has the number zero. The count is conducted from the
regional center (or central exchange), while in the case of points of equal
value, from the north to the south, and from west to east.

3.2. RURAL COMMUNICATIONS CABLE LINES

Structure of the Cables
The following cables (conductors) belong to single pair rural communications
cables (Figure 3.10): PRVPM (a polyvinylchloride pair with copper cores);

PRPPM (a line with polyethylene insulation and jacketing, and copper cores);
PTPZh and PTVZh (telephone line, polyvinylchloride or polyethylene with steel
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TRV, TRP (telephone, distribution, polyvinylchlor-
ide or polyethylene); ATRV, ATRP (telephone, dis-

1P 8IM
;H%JMMI?FYPM tribution, polyvinylchloride or polyethylene with
() aluminum cores).
-’;:ﬁ Y |_::
T ST Type PRVPM and PRPPM cables are layed directly in
Irnny pRPPM the ground both mechanically and manually, and can

X operate at temperatures of from -40° up to +60°
Z with polyethylene insulation, and -30° up to +45°

with polyvinylchloride insulation. Cables of the

3 ‘ renuntsy IRR & PTVZh, PTPZh, TRV, ARTV, TRP and ATRP types, which
1 '_VZh are intended for subscriber feed-in devices and
i Q@ o wiring inside buildings, are run in the walls of
. — : buildings.
Figure 3.10. The con- The structural data for single pair cables are

struction of single pair given in Table 3.26.
cables for standard pro-

files: Single quadded cables (Figure 3.11) include cables
1. Current carrying cores; of the VISP and KSPP, as well as the KSPV types.
2, Insulation; These cables are intended for equipping communica-
3. Jacket. tions lines which are multiplexed using the high

frequency V-3-3s, KNK-6S, KNK-6T, KNK-12 and IKM-12
systems. In regions inhabited by rodents, single quadded cables with armor
and thin steel tape (VISPB and KSPPB) are used. KSPPK cable is recommended
for runs through water barriers (rivers and lakes).

The design of single quadded cables permits the mechanized and manual laying
of these cables directly in the ground, running them in a cable conduit, as
well as stringing them on open wire line support poles by means of special
support cables.

The laying and installation of single quadded cables is permitted at ambient
temperatures of no less than -10° C, and their operation is permitted within
a temperature range of -40 to +50° C.

The main structural data for single quadded cables for rural communications
are given in Table 3.27.

Multipair cables, used on city telephone networks (Figure 3.12), have found
application at the present time on rural telephone networks. These cables
include cables of the T and TZ types (telephone pair or quadded twist (spiral
quad) with paper insulation in a lead jacket), as well as TPP and TPV (tele-
phone type with polyethylene insulation in a polyethylene or polyvinylchloride
jacket). Nonarmored cables of the T (TG), TZ (TZG), TPV and TPP types are
intended for laying in cable conduits, in the walls of buildings and for strin-
ging on open wire line support poles by means of support cables. These non-.
armored cables in the armored variant (TB, TZB, TPVB and TPPB) are intended
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Figure 3.11. The structure of Flgure 3. 12 The structures of
single quadded cables. multipair (multiquadded) cables.
Key: 1. Current carrying cores; Key: 1. Current carrying cores;
2. Core insulation; 2. Core insulation; 3. Paper cord;
3. Strip insulation; 4, Twist elements; 5. Thread (cot-
4. Shield; ton paper or synthetic); 6. Strip
5. Lining; insulation; 7. Shield; 8. Jacket
6. Armor; (plastic); 9. Jacket (metal);
7. Jacket (plastic). 10. Jute cushion; 11. Armor;

12. Exterior jute cover; 13. TP
(pair); 14. TB, TZB, TP (quadded);
15. Twist elements.

for laying directly in the soil. Armored, circular galvanized wires (TK and
TZK) are used for running through water barriers.

Type T cables have current carrying cores of annealed copper wire (MM), insu-
lated with paper tape applied in an overlapping spiral (air - paper insulation)
or by a continuous layer of a paper mass (paper -~ mass insulation). The insu-
lated cores are twisted in pairs with a pitch of no more than 250 mm, and are
wound in a spiral with cotton-paper yarn. In each pair, one core has naturally
colored insulation, and the other is red or blue. The pairs are twisted in
concentric lays (layers), each of which is wound in a spiral with cotton paper
yarn. There is a counter pair in each layer, one core of which is distingui-
shed in color from all the other cores of the lay. The outside layer is cov-
ered by two overlapping paper tapes.

The main design data for low capacity type T cables having core diameters of
0.5 and 0.7 mm are given in Table 3.28.

Type TZ cables have current carrying cores of annealed copper wire (MM), insu-
lated by paper cord and paper tape. The insulated cores are twisted in quads
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TABLE 3.27. Basic Structural Data for Single Quadded Cables

Type l.)Kmlu < 6q Hsonsuus xun Hosichas
Mapka s ] ¥ ; g o
wabens | 8 g £ g% | Color &y -

a = 3. & [5 ] pacuBeTKa o= } ., 3
of Cable [2E | &5 |4€ | 4 : 75: |gbs [25E,
g | 28| % | 85 | Code S£ |95% |28£3(10.
5 12,
BTCIT | Mes | 1,2 | Hoan-| 0,8 | I napa’ Kpac- 15{)7—6 Mom-| 0,8
STH/EH Hag—HaTYp., | — STHJEH
VISP | Cu 11 11 napa:” ex-
. . HSi—HaTypanb- 1.
Has
BTCIB » > > > To xe » > »
VISPB '
The same
13 L]
KCIIB > 0,9 > 0,7 |1 napa: kpac- | 120— > >
KSPV ) nas maryp. | —160
II napa: cu-
Hasa (3eneHafg—
HaTypanbnas)
Kcnn » » > 0,7 |1 napa: kpac- | 120—1 » 0,8
Rasi Ha-ryp".r‘l.[| —150
KSPP - II napa: cm=
Has (3eneHas
. HaTypanbHas)
KCnB » » » » To xe Toxke| '» >
KSPPB 1 ' The same
KCIIK » » 1o > > » > »
KSPPK
. . - L. . 1 — L s,

Key: 1. Cores; 2, Material; 3. Diameter, mm; 4. Material; 5. Radial
thickness, mm; 6. Core insulation; 7. Pitch of the twist, mm;
8. Strip insulation; 9. Material; 10. Radial thickness; 11. Poly-
ethylene; 12. First pair: red--natural; second pair: blue--natural;
13. First pair: red--natural; second pair: blue (green--natural);
14. First pair: red--natural; second pair: blue (green——natural).

- 82 -




Table 3.27 [Continued] Basic Structural Data for Single Quadded Cables

1. 9xpanupyouHe MOKPOBKI 3 Q6osiouka ' = 2
. f6. £ |5
. " . fur
Material and . 5 3B -0 - e
KOJI-BO H# & [0S % 7-“,- =4 8.
martepHan H BHJ pasmep, M 4.2 5&3 Y g §
-4, & \
Shape g 25 | 28| £ | 5=
9.
A 1. Mennast Xuna d=0,3+0,5 | Ioaususuu-{ 1,5 13 160 700
*| o. Amowunnesas 1x0,1Xx25 ’,’,’f,’},‘i,’;‘;ﬁ;’;,"
neHTa
B 1. MenHasn xuna d=0,3<0,5 ToO xe > 15 255 500
°| 2. Amomunmenas 1X0,1%x25 The samge - ’
nentTa
3. TloMBHHEHAXIOPHA- 1%0,2
Has JeHTa
4. CranbHas neural 1Xx0,1X15
(6pous)
5. TlonHBHEMAXAODY R~ 1%0,2 .
HA A JIeHTa 10.
1. Mennas xdma d=0,3-+0,5 | Moxnau. » | 10,4 ) 127 | 750
C. . HHJIXJIODHA,
. 2. AnOMMHHWeBas 1x0,1x25
NeHTa .
N i1 .
1.™Mepaas ®una - | d=0,3+0,5 (llosisTuhen) > | 10,4 | 105 | 750
D.| 2."Amovaunesas T1X0,1%x25
neHTa
E 1. Menwas xuna d=0,3=0,5 | > > 1,4 | 181 500
1 2. Anomuunesas [X0,1x25
neHTa
3. TTONHBHHUIXIOPHA- 1x90,2
Hasg JicHTA
4. Cranenas  meuTtal 1X0,1x15
(Gpons)
5. TIonHBHHRAXJOPHA- 1x0,2
Hast “NleHTa
F 1. Menwast )una | d=0,3-20,5 > > 13,6 | 310 *
4 9. Amownsnesan 1X0, 125 ’
nenTa -
3. TToNMBHHHAXNODHS- 1x0,2
Has NieHTa
4. CrajbHas . npoBo- 24x1,2
10Ka (Gpons)
! .
PRI SRR S S S, By

Key: 1. Shield covers; 2. Number and dimensions, mm; 3. Jacket;
4. Material; 5. Radial thickness, mm; 6. Outside diameter, mm;
7. Weight, Kg/Km; 8. Structural length, m; 9. Polyvinylchnoride
or polyethylene; 10. Polyvinylchloride; 11. Polyethylene;
A.1, [VTSP] Copper core; A.2. Aluminum tape; B.l. [VISPB] Copper
core; B.2. Aluminum tape; B.3. Polyvinylchloride tape; B.4. Steel
tape (armor); B.5. Polyvinylchloride tape; C.1l. [KSPV] Copper core;
C.2. Aluminum tape; D.l. [KSPP] Copper core; D.2. Aluminum tape;
E.1. [KSPPB] Copper core; E.2. Aluminum tape; E.3. Polyvinylchloride
tape; E.4., Steel tape (armor); E.5. Polyvinylchloride tape; F.l. [KS-
PPK] Copper core; F.2. Aluminum tape; F.3. Polyvinylchloride tape;
F.4. Steel wire (armor).
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(a spiral quad formation) with a pitch of no more than 300 mm, and are wound
in a spiral with cotton paper yarn or paper tape. One working pair (the cores
on a diagonal) in each quad has red and yellow (or natural) insulation, and
the other blue and green. The quads are twisted in concentric lays (layers)
each of which is wound in a spiral with cotton paper yarn or paper tape. Two
adjacent quads (the control and the counter ones) in each layer have a color
distinguishing them from each other and from all remaining quads of the lay.
The outside lay is covered by two overlapping paper tapes.

The main structural data for TZ type cable having a capacity of up to 37 quads
with core diameters of 0.8 mm, 0.9 mm and 1.2 mm are given in Table 3.28.

Type TPV and TPP cables have current carrying cores of annealed copper wire
(MM) insulated with solid polyethylene. The insulated cores, which differ
markedly in their color, are twisted in pairs or quads with a pitch of no
more than 100 mm. The insulated pairs (quads) are twisted in the core of

the lay or bundle twist. In the case of the lay twist, the lays are wound
with a lavsan [synthetic fiber similar to dacronl, cotton or capron [Soviet
name for polycaprolactam resin and fiber] thread. In each lay there is one
counter pair or a quad with a sharply distinguishing color code. In the case
of a bundle twist, the elemental bundles (10 x 2, or 5 x 4) are wound with a
lavsan, capron or cotton paper thread of a specified color.

Applied to the twisted core is strip insulation of plastic tapes having a
thickness of 0.1 mm overlapping 20 - 25 percent. A shield of aluminum tape
with a thickness of 0.1 - 0.2 mm is applied on top of the strip insulation.
In the case of a spiral application with an overlap of 10 percent or a longi-
tudinal application with diameters up to 15 mm, smooth tape is used; with
diameters of more than 15 mm, corrugated tape is used. Run longitudinally
beneath the tape is a 0.5 mm copper wire.

The basic design data of type TPV and TPP low capacity cables with core dia-
meters of 0.5 and 0.7 mm are given in Table 3.29.

Cable Materials
Copper, aluminum and galvanized steel wires, the characteristics of which are

given in Table 3.30, while their weights are given in Table 3.31, are used for
the manufacture of cable cores.

Polyvinylchloride and polyethylene are used for the most part for the insula-
tion in rural communications cables.

Polyvinylchloride (PKhV) belongs to the group of thermoplastic resins. An
important property of PKhV is its nonflammability. PKhV is a plastic used
in cable technology as a low frequency dielectric.

The basic characteristics of polyvinylchloride plastic of different composi-

tions are shown in Table 3.32.
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TABLE 3.30. Basic Wire Characteristics

Copper Aluminum Galvanized Steel
Specific Specific Specific Specific Specific Specific
Weight Resistance Weight Resistance Weight Resistance
g/cm3  Ohmemm2/m g/cm3 Ohm+mm? /m g/cm3 Ohm+mmZ /m
8.89 0.01724 2.7 0.0280 7.8 0.18 - 0.22

TABLE 3.31. The Weight of 1 Km of Wire of different Diameters

A 0.5 0,6] 0,7 0,8 0,9) 1,0/ 1,11,15{ 1,2 | 1,4 |1,55
Diameter, mm l
Weight!| wems |1.75]2,52(3,43}4,48(5,67|7,00{8,47| — 10,08}13,70|" —
Macca er -_—
acca | Copper
Kg ano- 10,53 — |1,04| — [1.73(2,12|2,56|2,78 3,08] 4,16]5, 09
al
iiinum L —

Polyethylene (PET) belongs to the group of thermoplastic materials, and burns
slowly with a bluish flame without soot. It is used as a high frequency di-
electric and is produced in two variants: high pressure (VD) and low pressure
(ND) polyethylene. The basic characteristics of high pressure and low pres-
sure polyethylene are given in Table 3.33.

Porous polyethylene is a solid dielectric containing a large number of closed
pores. The degree of porosity fluctuates from 35 to 50 percent.

The basic characteristics of porous polyethylene are shown in Table 3.34.

Telephone paper is used as insulation for the cores in multipair cables with
lead jacketing. The paper type is designated by the letters KT (cable, tele-
phone) with the addition of a symbol for the color: KIK -~ red, KTS - blue,
KTZ - green, and KIN - natural. Telephone paper is manufactured without ad-
hesive, with a thickness of 0.05 mm and has a standard width of 500 +* 10 mm.

Cable paper is used for winding the cable core and is manufactured with thick-
nesses of 0.08, 0.12 and 0.17 mm, which corresponds to the types K-80, K-120
and K-170.

The basic characteristics of telephone and cable paper are given in Table
3.35.

Paper cording is paper yarn wound on a core and maintains a constant air gap
between the core and the paper winding. Insulating cord is used in the fol-
lowing diameters: 0.40 * 0.02, 0,50 * 0.03, 0.60 + 0.03, 0.76 £ 0.04, 0.85 %
* 0.04 mm. The cord should have a constant diameter over its entire length.
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TABLE 3.33. Basic Characteristics of High and Low Pressure Polyethylene

Characteristic Unit Of High Pressure Low Pressure
Measurement

Specific weight g/cm3 0.92 0.93 - 0.96
Moisture absorption capability 9 0.01 0.01
over 30 days
Moisture permeability factor g/cmehr mmHg 2 . 1079 2 . 107°
Softening temperature °cC 105 - 115 140 - 150
Freeze resistance °C -50 - =55 -50 - -60
Temperature coefficient of 1/° ¢ (2 - 8) + 104 1.3 - 1074
expansions
Resistance to rupture Kg/mm2 1.0 - 1.5 2.0 - 2.4
Relative elongation at g 150 - 500 200 - 700
rupture
Specific volumetric resistance Ohm-cm 1017 1017
Dielectric permeability at a _ 2.3 2.3
frequency of 100 Hz : '
Tangent of the dielectric
phase angle at a frequency of - 3~5) - 10~4 (3-5) - 1074
106 Hz
Electrical strength at a fre-

quency of 50 Hz for thicknesses Kv/mm 24 - 40 24 - 40
of 1 -~ 2 mm »

TABLE 3.34. Basic Characterics of Porous Polyethylene

Characteristic Unit of Magnitude
Measurement

Specific weight g/cm3 0.47
Resistance to rupture Kg/mm?2 0.25 - 0.50
Relative elongation at rupture yA 300
Dielectric constant at a frequency _ 1.48
of 100 Hz '
Tangent of the dielectric phase angle _ 0.0005
at a frequency of 100 uz ’
Electrical strength at a frequency of Ry /mm 8.7

50 Hz for a thickness of 3.2 mm
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TABLE 3.35. Basic Characteristics of Telephone and Cable Paper

Brand of Mapka Sywark papay

£
x
* XapakTtepHcTHKA S
T La% KT K-80 K-120 K-170
Property o= KT
Tonmuua MM 0,05 0,08 0,12 0,17
Thickness mm
Deviation in , '
OTKJIOBeHHe 10 TOJMUHHE MM +0,0025} 40,005 40,007 40,01
Thickness
YaenvHan Macca r/cMs nt% g:?e '
. A 3 0,82 He MeHee 0,70 .
Specific Weight .B/cmIthan 0J82 no less than 0.70

QOrHOCHTEILHO  YHAJNHHE-

2 HHe TIPH pasphbiBe, He Me-
#ee, B HallPaBJICHHHY

3 .nipononsHoM % 20

4} Jionepenom 4,0 6,0 . —_

KoaunecTso ABOAHBIX mIe- .
5. pernos, He MeHee — % 500 — 2000 -
BaakeOCTh % 7+1 _ 8. _
_Humidity
DesnexTpuueckas NPOHHA-
LaeMOCTb ~ NIPH  HacTOTe .
6« 1000 It — | norz200| —  |2,36%2,8 -

TanreHc yrJja gH3NeKTPH-
7 o UECKHX NOTEPH TIPH 4YAaCTOTe :
1000 I'm, - - — 5-10 -

Key: 1. Unit of measurement; 2. Relative elongation at rupture, no less
than:; 3. In a longitudinal direction; 4. In a transverse direction;
5. Number of double reverse bends, no less than; 6. Dielectric const-
ant at a frequency of 1,000 Hz; 7. Tangent of the dielectric phase
angle at a frequency of 1,000 Hz.

To increase the mechanical strength, a cord is used which is twisted from
two filaments with a twisting pitch of 3.5 - 7.0 mm. The resistance to
rupture of the cord should be no less tham 6.5 Kg/mmz.

Aluminum, steel and copper tapes are employed as shielding for cables, the
characteristics of which are given in Table 3.36.

Sometimes, steel braid with a wire diameter of 0.3 - 0.5 mm is used. The

density of the weave is 85 - 95 percent, and the angle at which the wires
are run is 40 - 50°.

The jackets of multipair cables can be metallic (lead and aluminum) and plas-
tic.
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TABLE 3.36. Basic Characteristics of Shielding Tapes

P];(o;)ert Ennunua | AnxMHEHHERas MenHas CraabHast
ApaKTepHCTHKA H3MEPEHUs neHTa nenta . JieHTa
L] Y A
Mapka - M—mMsarkasn MI'M—ronas
(oToXKeHHas), | MArkas (OTOX- 8. :
. T—TBepaas JKeHHas),
- Type (HeoroxeHnan)] MIT—ronasi’
TBEpAAs 9
. . : (HEOTOX)KeH - .
Thickness . Has)
Toamuna MM 0,10=0,15 0,14-0,25x | 0,05-+0,2 X
(+0,005) X(£0,01) X (£0,01)
Width —0.01 \ :
lIupuna MM 10=25 (40,25)} 1025 (0,13)]10<-15 (%0,5)
BpemeHHOE CONPOTHB- 3 for M 30 for MGT
5. JieHHe pasphIBY Kre/Mm? 3—nna M 30 ans. MIT 28
e ey -
F OTHOCHTENHLHOE YAMH- 10—gns T
6. nemme % 3—ana M - 20

7. VYaAeabnas macca r/cm? 2,7 8,9 7,8

Footnotes: 1) The relative elongation is not standardized for type T copper
and aluminum;

2) The resistance to rupture is not standardized for MGT copper.

Key: 1. Unit of measurement; 2. Aluminum tape; 3. Copper tape;
4. Steel tape; 5. Resistance to rupture in Kg/mm3; 6. Relative
elongation in percent; 7. Specific weight in g/cm?; 8. MGM: bare,
soft (annealed); 9. MGT: bare, hard (nonannealed).
M = soft (annealed); T = hard (nonannealed).

TABLE 3.37. Lead Jacket Thickness

92 TonuwuHa o60a0yKy Kabens, MM
Lo s Sotonon, | WEhguE |35t (® | 4o
armor npoponoutoif (IT)
Up to 9 :
Mo 9 1,2 1,1 -—
9+-13 1,3 1,15 1,9
1316 1,4 1,2 1,9
16==20 1,6 1,25 2,0
20223 1,6 1,3 2,0
23226 1,7 1,4 2,0
2629 1,8 1,5 2,1
2932 1,9 1,6 2,2

Key: 1. Diameter of the cable under the jacket, mm; 2. Thickness of the
cable jacket, mm; 3. Of the tape (B) and flat wire (T) type;
4, Of the circular wire (X) type.
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TABLE 3.38. Aluminum Jacket Thickness

) J.'[uaMe'rp Kabesns xR
1 06ONOUKOH, MM Ilo 13 {1316 |16-20 {2023 |23--26 (2630 | 30=-33
TonAHa . OGOJOUKH
AR 1,1 1,1 1,2 1,3 1,4 1.4 1.4

Key: 1. Cable diameter beneath the jacket, mm; 2. Jacket thickness, mm.

TABLE 3.39. Thickness of Polyvinylchloride and Polyethylene Jackets

. Iuamerp KaGem:u;wn 060a04KOM 426 628 | 811 11&_14 14217 | 1722
) -
TG;%!%}:S%&)JIMKH, MM 0,6 0,9 1,2 1,5 1,7 1,9
Thickness, in mm .

Key: 1. Cable diameter beneath the jacket, mm.

TABLE 3.40 The Main Characteristics of Cable Jackets
Characteristic Unit of Lead Aluminum Polyv1?yl~ Polyethyl-
Measurement chloride ene

Melting point °cC + 327 + 658 - + 120
Specific weight g/cm3 11.4 2.7 1.3 0.92
Resistance to Kg/cm2 2.0 - 2.5 4 -5 1.6-1.8 1.2-1.4
rupture
Relative elonga- % 25 - 35 20 - 35 280-380 150-600
tion at rupture
Specific electri- . . 2/ 0.221  0.028 (3-7) -1015 1.1021
cal resistance
TABLE 3.41. The Main Characteristics of Armor

Characteristic Unit of Armor Tape Armor Wire

Measurement

Thickness mm 0.3 -1 -
Width mm 15 - 60 -
Diameter mm - 1-38
Resistance to rupture Kg/mm2 30 35 - 50
Relative elongation % 20 8 - 12
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Used for lead jackets is lead of the $-3 type with a purity of 99.9%, having
antimony added in the amount of 0.4 - 0.8%Z, or tin in the amount of 1 - 37.

The thickness of the lead jacket depends on the diameter of the core and the
type of protective cover (Table 3.37).

The approximate thickness of an aluminum jacket is given in Table 3.38.

The thickness of plastic jackets depends on the diameter of the cable core,
and is given in Table 3.39.

The main characteristics of cables jackets of lead, aluminum, polyvinyl chlor-
ide and polyethylene are given in Table 3.40.

Protective covers, consisting of cushions, armor and an exterior cover, are
used for themechanical protection of the cable against external actions. De-
pending on the function of the cable, either steel armor tape, circular or
flat armor wire (Table 3.41) is used for armoring them.

Cable yarn (jute) is used a cushion, which is applied to the jacket underneath
and above the armor (the outer cover). The yarn consists of a mixture of
hemp fibers, linen fibers, etc.

Unrefined residual axle grease and bitumen are used for impregnating the pro-
tective covers (of cable yarn and paper). Unrefined residual axle grease is

a thick oily liquid with a specific gravity of 0.926 - 0.936 g/cm3. Bitumen
is a solid, relatively brittle black colored mass with a specific gravity of

1 g/cm3. The most widely used is No. 3 low melting point bitumen with a soft-
ening temperature of + 50° C, as well as No. 4 and No. 5 high melting point
bitumens with softening temperatures of + 70° C and + 90° C respectively.

The dimensions of the protective covers (of the armor, cushioning, and outer
covers) are given in Table 3.42.

TABLE 3.42. Dimensions of the Elements of Protective Covers

], PapManbHas ToaumEHa

T?e glameter 2. momymkw, ne wenes Ufthe
) or the Outside
JJ,HaMe'rp Kﬂdeﬁﬁ:ﬂo oA, CTANBHHIMH gggn:g:g:;o:ap};:gyﬂ
oosiouKe, MM ®  JleHTaMu 4 JIOKaMu HapyXKHOTO
. © Cabl o TIOKpoBa
: able at 5. 6. 5. 6 Cover
- the Jacket HOpMaJibHAs| YCHNeHHAaA |HOpManbHas, ycxme;maﬂ
" Up to 131013 1,5 2 - - 2
- 13—-37 « « 2 2,5 <
37—50 < < < <
More than Csuwe 50 « « « « «

Key: 1. Radial thickness; 2. Of the cushion, no less than; 3. Under the
steel tapes; 4. Under galvanized steel wires; 5. Standard; 6. Re-
inforced.
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| The Electrical Characteristics of Cable Circuits
The transmission parameters include primary and secondary parameters.

Included in the primary parameters of communications cables are the resistance,
inductance, capacitance and conductivity.

The active AC resistance of a cable circuit up to 5,000 Hz is determined from
the expression:

R = R + R + R + R (3.32)

where R, is the DC resistance;
RSe is the resistance due to the skin effect;
RPe is the resistance due to the proximity effect;
R] is the resistance due to losses in the metallic parts of the

cable structure (adjacent cable pairs, shield, and jacket).
The DC resistance is determined from formula (3.3) taking into account the
twist factor, «, which determines the increase in the resistance of the cir-

cuit due to the twisting of the wires.

The values of the twist factor are given in Table 3.43 as a function of the
diameter of the lay.

TABLE 3.43. The Twist Factor

IsaMeTp noBMBa, MM

ki . . ; Al
Koadduunent ykpyrasa '1.0!0 1,016{1,025}1,0371,050(1,070
~lulst_facton

Ho 30| 30-+40] 40--50[ 5060} 6070 70=-80

The twist factor for the cores of single quadded cables can be taken as 1.01,
and for single pair cables, 1.0. The values of the DC resistances of copper
two wire cable circuits, without taking the twist into account, at a temper-
ature of +20° C are given in Table 3.44.

TABLE 3.44. The DC resistance of a Copper Circuit

HaMeTp X .
1. A S 0,5 )06} 0,7} 0,8 0,9 ] 1,0} 1,21} 1,4

2 ConpoTHeaende ’ R
. Om/KM 175,61122,0| 89,6 | 68,6 | 54,2 |. 43,9 | 30,5 | 22,4

Key: 1. Diameter of the cores, mm; 2. Resistance, Ohm/Km.
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Cable circuits with aluminum cores having diameters of 0.65, 1.0, 1.2, 1.6
and 1.8 mm have active resistances practically equal to the resistances of
copper core circuits having diameters of 0.5, 0.8, 1.0, 1.2 and 1.4 mm res-
pectively.

The calculation of the resistance of cable cores at a temperature other than
+20° C (Rg), is calculated from formula (3.4).

The average value of the temperature coefficient of the DC resistance (o_ )
in a temperature range of from 0 to 100° C for copper and aluminum cable ©
cores can be taken as equal to 0.004/1°C. The temperature coefficient of
resistance for AC in the high frequency range, due to the skin effect, is
approximately equal to:

The ratio R¢/Ryg for copper and aluminum cable cores is given in Table 3.45.

TABLE 3.45. The Ratio Ry/Ryp for Copper and Aluminum Cores

t°C +50 [ 45 40 +35 1} 30} 425 | 420 415 | 410

Ry/Reo | 1,12 { 1,10 | 1,08 | 1,06 | 1,04 | 1,02 | 1,00 | 0,08 | 0,96

t°C +5 0 —5 —10{ —15{ —20} —25 | —30( -—35

Ry/Rz0 \ 0,94 \ 0,92 | 0,90 | 0,88 0,8 | 0,84 | 0,82 0,80 0,78

The active AC resistance of a cable circuit at frequencies above 5,000 Hz,
without considering the influence of a shielding element, is determined from
the expression

0

Ro=R | 14 F@)+
; d 2
=) (%)

(3.33)

In this formula, the first term takes into account the DC resistance, the
second one, the resistance due to the skin effect, and the third one, the
resistance due to the proximity effect.

(-]
R¢ is the DC resistance of the cable circuit at a temperature, t C, other
than 20° C;

a 1s the spacing between core centers, in mm;
'
do is the diameter of a core, mm;

p is a coefficient taking into account the form of the twist, the value
of which is given in Table 3.46.
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TABLE 3.46. The p Coefficient for Different Twist Configurations

Twist Type of Circuit Coefficient

Pair Main 1

Spiral quad Main 5
Artificial 1.6

F(x), G(x) and H(x) are functions which depend on the coefficient for the
eddy currents and the core diameter do (determined from Table 3.21).

At frequencies of 30 KHz and above, the losses in the metallic jacket and
adjacent elements of the cable, Ry, are taken into account. For a lead jac-
ket, these losses are determined from the expression:

Rm lead ~© (3.34)

where f is the frequency in Hz; Rﬁ is an additional resistance resulting
from the adjacent quads and the lead jacket of the cable, which is given in
Table 3.47 for a frequency of 200 Hz.

Table 3.47. Values of the Quantity Ri
l' Conporusienne, OM, BhI3HBaeMOe
' Number' 2, COCeAHHMH YeTBEDKAMH | 3, CBHHIOBOR 06oJTOUKOkK
e by nommun
- Qf Quadﬂ 1 2 3 4 1 2 3 4
1 0 - — - 2,2 — - —
1+6 8 7,5 - - 1.5 5,5 — —
146412 8 7,5 | 7,8 - 0 0 1,0 | —
146412317 8 7.5 | 7,5 | 0 0 0 1,0

Key: 1. Resistance in ohms, caused by:; 2. Adjacent quads; 3. The lead
jacket; 4. Lays.

The loss resistance (Rp) for a non-lead, as well as for any other metallic
jacket of a cable, is determined from the formula:

ry - - 3.35
Ry= Ry s VB%; z271?M cB VP , OM/kM, (3.35)

where Ry ¢p is the additional resistance with the presence of a lead jacket
computed from formula (3.34) in Ohms/Km; p is the specific electrical resis~
tance of the jacket metal, Ohmse.mm2/m.
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The inductance of a cable circuit, L, consists of the external interconductor
inductance, Ly, which depends on the diameter of the cores and the spacing
between their centers, and the internal inductance, Lp, determined by the
magnetic field arising within the conductor. The inductance of a two-wire
circuit is determined taking the twist factor into account:
T 2 —d, 104
L=L,t Ly=x)4ln ——
=buet s e (3.36)

where u is the magnetic permeability of the conductor metalj
Q(x) are the functions determined from Table 3.21.

The external inductance has the greatest value, since the internal inductance
is significantly smaller in absolute magnitude, and decreases substantially

with an increase in frequency.

The inductance of an artificial circuit formed from a spiral quad, is 1.4 times
less than the inductance of a main circuit.

The capacitance of a cable circuit, C, is:

ug 100
361n (—29- w) (3.37)
dy
where k is the twist factor;
€ is the equivalent dielectric constant for the combined insulationj
a is the spacing between the centers of the cores, mm;
dy is the core diameter, mm;

Y is the correction factor, characterizing the proximity of the cable
circuit to the grounded jacket and other cores, the wvalue of which
is given in Table 3.48 for various twist configurations;

d is the diameter of an insulated core, mm.

TABLE 3.48. The equivalent dielectric comstant
The Coefficient for Different depends on the type of insulation and
Twist Configurations the ratio of the dielectrics in the
cable insulation. For combined in-
e 1 apran | Znesnnan sulation (solid dielectric and air),
’ CKpyTKa | CcKpyTHa the equivalent dielectric factor is
determined by the expression:

1,6 0,608 0,588

1,8 0,627 0,611

22 | oess | oo A Y,‘:,e;',’z (3.38)

’ 1 2

2,4 0,665 0,647 — ——

Key: 1. Pair twist;
2, Spiral quad.

where €] and €9 are the dielectric
constants for the first and second
dielectrics respectively;
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V1 and V) are the volumes of the first and second dielectrics respectively.

Since communications cables, as a rule, have continuous insulation which is
the same over the length, it is possible to substitute the ratio of the cross
sectional areas for the ratio of the volumes in the given formulas:

e — 8181+ S,
Sy -+ Sq (3.39)

where 87 and S) are the cross sectional areas of the first and second dielec-
trics respectively.

For a radially combined (two layer) insulation, the equivalent dielectric con-
stant will be equal to: p
-2

1
2,8y nd0

e
slln%z—+s21n-—l- (3.40)
- 1 -

where dg is the diameter of a core, mm;
d] and d are the diameters of the insulated core through the first
and second insulation layers respectively, mm.

TABLE 3.49. The values for the equivalent dielectric
The Dielectric Constant for constant for different insulation types
Different Types of Insulation are given in Table 3.49.

Type of Insulation Dielectric

P Constant The capacitance of an artificial circuit

formed from a spiral quad is 2.7 times
Paper mass 1.6 - 1.7 greater than the capacitance of the main
Air - Paper 1.5 -~ 1.6 circuit.
Paper cord 1.4 - 1.6 The capacitance of single pair cables with
Polyethylene 1.9 - 2.1 two layer insulation is determined from
Porous polyethylene 1.4 - 1.5 formulas (3.40) and (3€43):
C g8 107

4y 4
36 <81 In a, _'+§2 In d.) (3.41)

The conductivity of the insulation of a cable circuit, G, is determined from
a formula similar to formula (3.12):

G = G, + Ge (3.42)

where Gg = 1/Rins is the insulation conductivity for direct current, mhos/Km;
Gg wC tané is the conductivity of the insulation caused by dielectric
losses with alternating current, mhos/Km;
Rins is the insulation resistance of the cable circuit, Ohms-Km; [sic]
w= 2rf is the angular frequency in radians;
f is the frequency in Hz;
C is the capacitance of the cable circuit, Fd/Km;
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tg § [tand] is the tangent of the dielectric loss angle.

The insulation resistance of cables is determined from the formula:
w0t 4
Ring = Rwm=p 5z 107 (3.43)

where p is the specific resistivity of the dielectric, Ohms-:cm;
do, is the diameter of a core, mm;
d1 is the diameter of an insulated core, mm.

The insulation resistance of a cable at a temperature other than + 20° C, is
determined from the formula

R
_ _ins 20
RinS £ = -——1-(-—— (3.44)
Where Rjpg t is the insulation resistance at a temperature t° C, Ohms-Km; :
Rins 20 is the insulation resistance at a temperature of + 20° C, Ohms-Km;
k is the conversion factor, the value of which is given in Table 3.50
for different insulations.

TABLE 3.50. The Conversion Factor k

Temperature _ Tewrepatyps, °C  °(

Tufx
l.. U307~
uan | —20 | —15 [—10| —5 0 | +5{+10|+415]420| 4-25|-+30] 435 +40

By-
2, Max- )
® nan 0,06 {0,10 {0,17)0,250,35|0,40{0,55/0,75/1,00(1,35|1,82/2,45|3,33

Tionu-
BHHHJI-
3 xJ0- )
. PHR- .
wast |0,001(0, 0030, 08{0,02{0,05l0,1 {0,2 {0,5 |1,0 |2,2 {4,6 |8,8 |16,7

Footnote: For polyethylene insulation, the factor k is practically equal
to 1.
Key: 1. Type of insulation; 2. Paper; 3. Polyvinylchloride

The quantity Go is significantly less than G¢ in cables, and for this reason
one can assume:
G=G=0Clgd (3.45)

where tg§ is the equivalent tangent of the dielectric loss angle for the
combined insulation.

The quantity tg § for cables with mixed combination insulation depends on the
ratio of the dielectrics and taking into account the uniformity of the insu-
lation over the communications cable length is equal to:

_eteb Sttt S
& S+ 8 S:

tgé




where €] and €9 are the dielectric constants of the first and second dielec-
trics respectively; tgdi and tng are the tangents of the dielectric loss an-
gles for the first and second dielectrics respectively; Sj and S) are the
cross sectional areas of the first and second dielectrics respectively.

The equivalent values of the tangent of the dielectric loss angles for cables
with different insulations are given in Table 3.51.

TABLE 3.51. The Value of tané + 104 for Different Types of Insulation

Frequency Yactora, xI'n KHz.
THR w3onAUWME
Type of Insulation . 100 250 550
1. KoppenbHo-6ymaxkaas 55 113 160 280
2° Crutoursas mosusTHIEHOBAS 2 6 8 14
3 « llopucTo-nonusTHACHOBas 4 8 12 20

Key: 1. Paper-cord; 2. Solid polyethylene; 3. Porous polyethylene.

In shielded cable circuits, it is necessary to take the reactive effect of
the shield into account in calculating Ry, L and C. The active resistance
of the shielded circuit is determined from the formula:

do \2
paoc)(;) s\
R=Ry} 14+F(x) + FRT (1—4 " 4) -+ Rs, (3.46)
, 1_Hmﬁi), . d,—a

where d. is the diameter of the shield in mm;
re are the losses in the shield, in Ohms/Km.

The inductance of a shielded circuit can be expressed in terms of the induc-
tance of the unshielded circuit, L,,, computed from formula (3.36), and the

additional inductance, L_, introduced by the shield: L = Ly, *t Lg:
€
a2 py?2  ad?
Ly=2x| 4ln— —16 >—1 104, (3.47)
Y e X di—gt (
where is the twist factor;

= Ywluao is the eddy current coefficient, 1/mm;

K

p is the magnetic permeability of the shield material;

K

o 1/p is the specific electrical conductivity of the shield material,

m/Ohms -mm?2

Ug = UoH is the absolute magnetic permeability of the shield material,
Hy/m3

Mo = 41 + 107 is the magnetic constant, Hy/m.
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The capacitance of a shielded circuit is determined from the formula:

c xg 10~
9q di-—a? (3.48)
36ln —- ————
dy d§ + a2

e is the equivalent dielectric constant of the insulation;
k is the twist factor;

a is the spacing between the centers of the cores, mm;

o 1s the diameter of a core, mm;

de is the diameter of the shield, mm.

The primary parameters of single pair, single quadded and multipair cables
are given in the appendix.

Included in the secondary transmission parameters are the attenuation and
phase factors, the working attenuation and the characteristic impedance.

The attenuation factor o and the phase factor B, as well as the propagation
constant (y = o + iB) and the wave (characteristic) impedance Zp in the general
form, depending on the primary transmission parameters, are determined from

the formulas given in section 3.1.

One can use simplified formulas in individual frequency ranges:

~— For direct current:

— Ro R, s
Rl £ el & i (3:49)
~— In the audio frequency range (f = 800 Hz)
a.-;;a:]/y;—c, z,,="/aR—ce—‘45° (3.50)
. wlL wC .
—— In the high frequency range, where 7 5, and < (f > 30 + 40 KHz) [sic]

B(=€0-VE - (3.51)

The attenuation factor for a cable circuit at a temperature t° C other than
+ 20° C is determined from the formula:

g = an[l + oy (£ —20)], (3.52)

where 092 is the attenuation factor at +20° C, dB/Km (Nep/Km);
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t is the temperature at which the attenuation factor is specified, °C;
Oy is the temperature coefficient of the attenuation, equal to the
relative increase in attenuation per ° C.

The working attenuation of a cable circuit, a,, is the attenuation under ac-
tual conditions, i.e. for any loads at the ends of the circuit:

]/ZIZB

e

+In [ 1 — popy e“‘2WJ (3.53)

where the first term is the inherent attenuation of the circuit, dB (Nep);

the second term is the mismatch attenuation at the start of the circuit,
dB (Nep);
the third term is the mismatch attenuation at the end of the circuit,
dB (Nep);
the fourth term is the mismatch interaction, dB (Nep);
Zo and Zj are the loads at the beginning and end of the circuit res-
pectively, Ohms;
Po and pj are the reflection factors at the beginning and end of the
circuit, respectively, equal to: Zg - Z and Z1 -7 ,

Zo t+ 2 Z1+2°

Y is the circuit propagation constant}
1 is the length of the circuit, Km.

The input impedance of a cable circuit, Zgx, is the impedance at the input
of the circuit for any load at the end (Z1 # Zp):

Zx=2Zstn(vi+n) (3.54)

where Zp is the characteristic impedance of the circuit, Ohms;

n is equal to l-ln 1

2 'py t

With a change in the circuit length or the frequency of the signals being
transmitted, Zgy varies in accordance with an oscillatory law about the mag-
nitude Z,. For an electrically long line (o7 > 13.0 dB [1.5 Nep]), the input
impedance is always equal to the characteristic impedance (Zpy = Zp).

The secondary transmission parameters of single pair, single quadded and multi-
pair cables are given in the appendix.

The interfering influences between communications circuits are caused by the
action of the electromagnetic field of the influencing circuits on the cir-
cuits subject to the influence, and are defined as the influence parameters.

The crosstalk attenuation and isolation of a short section between cable cir-

cuits, of an approximately equal structural length, are determined from for-
mulas, which are given in nepers in accordance with the existing norms:
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A0=h'l

KoZp

A(\)[ == ]H\ l
xiZs (3.55)
Ast=Au

from the formulas:

21/4(215
Ay=1In —
° Koy l/l—e fonl g
» 9 (3.56)
Aol In ’CIZB“Vn +an s
Ag = In| ——e
,mfit WJﬂZinﬁ,

The following symbols are introduced in formulas (3.55) and (3.56):

ko =C +-§% is the coefficient of electromagnetic coupling at the near end;
B

k1 =C - %% is the coefficient of electromagnetic coupling at the far end;
B

C =g+ iwc is the coefficient of electrical coupling;

M=r + iwm is the coefficient of magnetic coupling;

g is the active component of the electrical coupling, Mhos;

¢ is the capacitive coupling, Fd;

r is the active component of the magnetic coupling, Ohms;

m is the inductive coupling;

w = 27f is the angular frequency;

f is the frequency, Hz;

a is the attenuation factor of the circuit, dB/Km (Nep/Km);

15 is the structural length of the cable, Kmj
n is the number of structural lengths.

In all balanced cable circuits, the crosstalk attenuation and isolation decrease
approximately logarithmically with an increase in frequency.

The transmission levels for power, voltage and current are the relative quanti-
ties, with which the absolute magnitudes of the corresponding parameters are
replaced in various calculations, and are defined as the logarithm of the ra-
tio of the magnitude of the corresponding parameter at the point of the cir-
cuit being comnsidered to the magnitude adopted as the comparison one. The
levels are expressed in Bels (decibels) when using base 10 logarithms, and in
Nepers when using natural logarithms. The levels are:

With respect to power: p = -% 1n (%f),
With respect to voltage: p = 1In (%f);
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With respect to current: p = 1n (%?).

The absolute level of the power, voltage or current is defined as the logarithm
of the ratio of these magnitudes at any point on the circuit to the magnitudes
of 1 milliwatt, 0.775 volts and 1.29 milliamperes respectively.

The measurement level is an absolute level obtained at any point on the cir-
cuit, if a voltage at a level of 0 dB (Nep) is applied to its beginning.

The difference in the levels at the circuit points under consideration is equal
to the attenuation of the section of the circuit joining these points:

pr—py==0aly,

where Pl is the level at the start of the sectiong;
P, is the level at the end of the section;
a~ is the attenuation factor of the circuit, dB/Km (Nep/Km);
1 is the length of the circuit section, Km.

The parameters for the interaction of single quadded cables are given in Table
3.52.

One of the basic means of protecting cable circuits against noise is shielding
them, which is accomplished by both shields and other metal elements of the
cable structure, in particular, jacketing, armor, etc. The shielding elements
of a cable simultaneously stabilize the electrical parameters of shielded ca-
ble circuits.

The shielding efficiency is defined as the coefficient of shielding, sometimes
in the audio frequency range termed the coefficient of shield action or the
coefficient of protective action (kzd):

= He _ Ee
S = m B (3.57)
where Hg and H are the magnetic field intensities inside the shielded space
with the shield present and without it respectively;
Ee and E are the electric field intensities inside the shielded space
with the shield present and without it respectively.

At low frequencies, the influencing electromagnetic field is primarily compen-
sated by the electromagnetic field produced by the longitudinal current induced
in the metallic elements of the cable structure (in the jacket, armor, etc.).
Ideal or complete shielding can be achieved with a resistance to ground for

the shielding element of zero, and in this case, the ideal shielding coeffic-
ient in the low frequency range will be:

Sy =T (3.58)
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TABLE 3.52. The Interaction Parameters for Single Quadded Cables
(For Structural Lengths)

Diameter Frequenéy .| TMepexonmoe
Type of Huamerp YacToTa TOKa 31;1:;')@(0,11-10(2 Saptiten.
Thn kabens ) T yXaHue Ha (samuuen-
KU, MM. ‘ Ky . GJIH)KEGMHI;O)HMG al;c;in) BHa
cable © [of the | gmg | 0| Mg
Cores, mm 1. 3 2,
BTCI - 1,2 : 0.8 100(11,5) 101(11,6)
VTSP , 10 L sai08) o(112)
- 30 85(0,8) - 93(10,7) -
60 80(9,2) 89(10,2)
‘76 78(9,0) 87(10,0)
120 | 738.4) . 83(9,6)
250 73(8,4) . 80(9,2)
550 . 71(8.2) ) 73(8.4)
600 70(8,1) L T18,2)
700 70(8.1) 63(3,0)
Kcnn 0,9 ' 0.8 105(12,1) 106(12,2)
KSEP 6.0 101(11,6) 105(11,5)
10 ©06(11.0) 95(11,0).
30 86(9.9) 89(10,2) -
60 85(9,8) 86(9,9)
76 85(9,8) .83(9,6)
120 85(9,8) " 85(9.8)
250 84(9,7) - 82(9,4)
300 T 82(9,4) 81(9,3)
400 79(9,1) 80(9,2)
550 79(9,1) 77(8,9) .
- 600 73(9,1) 76(8,7)
700 76(8,8) 72(8,3)
1000 73(8,4) L. T3(8.4)
1500 - 70(8,1) U es(7.8)
2000 68(7,8) 64(7,4)

Key: 1. Crosstalk attenuation at the near end, dB (Nep);
2. Crosstalk attenuation (isolation) at the far end, dB (Nep).

Where Ry is the resulting DC resistance of the shielding elements, Ohms /Km;
L. is the inductance of the shielding element, Hy/Km.

For the case of a high frequency influencing electromagnetic field, the com—
pensating electromagnetic field is created by eddy currents in the shielding
elements. In this case, the shielding coefficient is determined from the

formula:
S = 545, (3.59)
where Sy is the coefficient of shield absorption, equal to:
S — n (3.60)
" chat
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So is the coefficient of shielding reflection, equal to:

' 1
Sp = (3.61)
- (2 | 2
(2

Vwueo 1is the eddy current coefficient, 1/mm;

| In these formulas: k =
| t is the shielding element thickness, mm;

i ..
Zgq = _fiEEEE_ is the characteristic impedance of the
2 dielectric, Ohms;
ova
Zm = 229H8 45 the characteristic impedance of the
o

metal, Ohms;

o = 1/p is the specific conductivity of the material of
the shielding element, Ohms-mmzlm;

p is the specific resistance of the material of the shiel-
ding element, m/Ohms-mmZ;

Ug = UoH is the absolute magnetic permeability, Hy /m;

u is the magnetic permeability;

Ho = 4m 10-7 is the magnetic constant, Hy/m;

d. is the diameter of the shielding element, mm;

w = 2rf is the angular frequency;

f is the frequency, Hz.

The greatest shielding effect is achieved by using multiple layer shields,
for example, copper-steel-copper.

The shielding coefficient for multilayer shields is determined from the
formulas:
For a two layer shield:
S$,Ss

o2 .62
. S1.3 1 —pip2 (3.62)

For a three layer shield:
518555 - (3.63)

Sl. 2,3 =
: - (1= p1p2) (1 — pops) — pypsS2

In these formulas: S3, Sy and S3 are the shielding coefficients of the
first, second and third layers respectively;
P1, P2 and pj are the coefficients for the reactive effect
of the shields of the first, second and third layers
respectively

3.3. CABLE LAYING AND INSTALLATION

The Organization of Construction Work
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Single pair and single quadded rural telephone communications cables and
multipair city type cables, primarily with plastic insulation and jacketing,
are layed in rural terrain.

The following work operations are performed in the process of constructing
cable lines:

—— Preparation of the cable areas, the cable and the equipment;

-- The preparation and surveying of the route;

—— The construction of piping conduits for crossing roads;

—— The transportation of structural materials for the route;

—- The mechanized laying of the cablesj

—— Digging trenches and excavation pits;

—- Manual cable laying;

-— Filling in trenches and excavation pits;

—— Setting up small gauging posts;

-- Running cables through water barriers;

-- Stringing cables on open wire line support poles;

—— Trucking the empty reels away from the line;

-~ Structuring the feed-ins at amplifier and terminal points;

—— Establishing the route on working drawings;

-— Making electrical measurements of the layed out structural lengths;
—— Installing splicing and junction boxes;

-- Making check measurements of installed sections;

—- Drawing up and completing the technical performance documentation.

The following production subdivisions should be organized for carrying out
the operations enumerated above:

—— Mechanized columns;

-~- Brigades for manually digging trenches and laying cable;

~— Brigades for stringing cables on open wire line support poles;
-— Installation brigades;

-~ A measurement group.

The number and composition of the production subdivisions enumerated above
are determined by local conditions, the construction volumes and the deadlines
for completing the work.

A mechanized column performs the following complex of operations:

—- The preparation and clearing of the route;

—— Supplying cable to the cable layer and trucking out the empty reels;

—- Laying cable in the ground and through shallow waters with the cable layer;
—— Establishing the terminal points of the structural lengths on the schematic;
—— Setting up small marker posts.

The installation brigade does the following:
—- Digs out excavations;

——~ Checks cables prior to installation;
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-— Installs junctions and coupling sleeves;

—- Checks the quality of installation work;

—— Fills in the excavation pits;

Establishes the location points for the junctions on the route schematic.

The depth at which cables are buried on rural telephone communications lines
should be no less than 0.8 m. The laying and installation of cables is per-
mitted at an ambient air temperature of no less than ~10° C.

Single quadded and multipair cables are installed after being layed, while sin-
gle pair ones are rigged both before and after laying. Before they are layed,
single pair cables are rigged in sections at a permanent shop, where their
length is determined by the amount of cable on the coils of the cable layers.

Single quadded cables are installed after laying the structural lengths over
the entire amplifier section. The receiving and issuance of cable is documen-
ted for the installation work.

Preparation of the Route

The routes of cable lines are planmned by working from the conditions of pro-
viding for the minimum lengths and maximum preservation of the cable. The
routes are chosen along roads (between the road and the edge of a field).

They should have a minimum number of intersections with railroads and highways,
underground installations and electrical power transmission lines. On the
routes, there should be no sections which have sewage waters, marsh gases,
landslips, cave-ins, gullies, regions with intense swelling and cracking soil,
or with massive rodent infestation.

The line routes should pass by other installations at a specified distance.

The norms for the proximity of cables to other installations are given in
Table 3.53.

The joint laying of several single pair cables on subscriber telephone lines
with a length of up to five kilometers is possible.

Subscriber telephone lines and radio repeater lines using single pair cables
in one direction are run no closer together than at the following spacings

-- For a radio network line voltage of up to 240 volts, 0.25 m;
-- For a radio network line voltage greater than 240 volts, 1.0 m;

Cable line routes should be in accord with all of the organizations concerned
(sovkhozes, kolkhozes, the administrations of railroads, highways and electri-
cal power transmission lines), as well as with operating and engineering ad-
ministration standards, RUS [expansion unknown], trunk cable line areas, and
RKRM [expansion unknown].

The preparation of the route and marking it out over the terrain are carried
out in strict accordance with the project plan documentation.
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TABLE 3.53.

Cables to Other Installations

Norms for the Proximity of Single Pair and Single Quadded

Designation of the Other Installation

Permissible Spacing from Cables, m

Running Parallel Intersecting

Power cables 0.5 in pipes @ore t@an 0.25

in a pipe
Rural communications and radio network 0.5 The same
cables with a voltage up to 360 volts
Radio network cables with a voltage 1.0 The same
greater than 360 volts
Trunk line communications cables Determined by the The same

Water line of the water distribution
network, gas line with a pressure of up
to 3 Kg/cmZ2 or a water drain

Main line network water piping
Gas line with a pressure of 3 to 10 Kg/cm2

The grounds of open air communications
lines

The Support poles of open air communica-
tions lines

Electrical power transmission lines support
poles

Streetcar and railroad tracks

Highways

project plan

1.0

2.0
10.0

Determined by
Determined by
Determined by
Determined by

project plan

Determined by
project plan

More than 0.5
in pipes

The same

The same

the project plan

the project plan

the project plan

the

the

1.0 from the
rail bed

0.8 below
the bottom
of the side
drain

The Preparation of the Cable for Laying

Prior to laying, the structural lengths of the cables are checked.

The cables

are approved for laying only if they are not damaged and their electrical char-

acteristics meet the norms.

The structural lengths of single quadded cables run over one amplified section

are grouped together.

The grouping is accomplished with respect to the cable

structure, the length, the magnitude of the working capacitance of the circuits
and the magnitude of the crosstalk attenuation at the near end, indicated in

the data sheet for the structural lengths.
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Grouping with respect to crosstalk attenuation is performed so that four to
five structural lengths, which are run to the ends of an amplified section,
have the greatest attenuation. Based on the results of the cable grouping,
a laying report is drawn up, in which are recorded the numbers of the cable
drums in the laying order. A number corresponding to the sequential number
for the laying from the laying report is written on the end of each drum.

Mechanized Cable Laying
Single pair and single quadded cables on rural telephone communications lines

are layed with light LKU-61 or LKU-61M cable layers. When laying two single
quadded cables in one direction, LKU-61M or KU-120 cable layers are used.

TABLE 3.54. The Technical Characteristics of Cable Layers

Characteristic Unit of LKU-61 LKU-61M KU-120
Measurement

Number of tractors:

S$-100; S-80 Number 1-2 1 -2 3 -4

DT-54 Number 2 -3 2 -3 -
Nature of the ground Classifica- No greater No greater No greater
in which laying is tion than IIT than IIT than IV
permitted
Maximum cable diameter mm 16.0 26.0 50.0
Maximum laying depth m 0.8 1.2 1.2
Number of single Number 1 1~2 2

quadded cables which
can be layed simultaneously

Weight Tons 2 2.5 3.5
Cable laying speed Km/hr 3-5 2.27 - 3.6 2.2
Towing speed behind Km/hr 30 30 30

a motor vehicle, no
more than

Maximum traction force Touns 10 10 60
on the hook

Minimum turning radius m 10 - 8
Number of service Persons 2 2 3
personnel

Multipair city type cables with an outside diameter of up to 50 mm are layed
with the KU-120 cable layer. The technical characteristics of the cable layers
are given in Table 3.54.
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A drawing of the LKU-61M cable layer is shown in Figure 3.13.

Cable layers operate as towed devices behind S-100, S~80 or DT-54 tractors.
The number of tractors is determined by the character and condition of the
ground. When several tractors are used, the cable layer is hitched to the
most powerful one.

Manual Cable Laying

A provision is made for laying cables manually in cases where it is impossible
to use cable layers, for example, in difficultly passable regions, in cons-
trained sections, at a branch network for underground installations, or when
the use of cable layers is inexpedient due to the small volume of work.

TABLE 3.55. Trench Dimensions Where possible when manually laying cables,
Trench Width, m the trenches and excavation pits should be
Trench X
Depth In Top In Bottom dug out by machines (excavators, trenchers).
>  Part Part The dimensions of trenches for laying sin-
m . . .
gle quadded or multipair cables are given
0.8 0.4 0.3 in Table 3.55.
1.0 0.45 0.35 A 10 cm thick layer ("bed") of loose earth
1.2 0.5 0.4 or sand is layed on the bottom of trenches
in rocky soils. Single pair cables are
Note: When machines are used, layed from a cable drum carriage mounted
the trench width is determined on the motor vehicle, or carried manually,
by the width of the working while single quadded and multipair cables
element of the digging machine. are run from a cable carriage (for example,

the KT-2), towed by a motor vehicle or trac-
tor. In the absence or a cable carriage, the drum with the cable is set up
alongside the trench on sawhorses with lifting jacks, and the cable is unreeled
and carried manually. In this case, one cannot permit the cable to be dragged
along the ground. The cable is layed along the edge of the trench, inspected
and then placed on the bottom. The cable is covered with loose soil without
clods and stones, and is then covered over either manually or with a bulldozer.
The filling-in is alternated with the tamping of the earth.

The position of the structural lengths is specified more precisely during the
laying, and the positioning of their ends are marked on the drawings and on
the terrain.

Where the routes cross railroads and highways, the ground is worked up in a
concealed fashion, for example, using the BG-1 hydraulic drill, the DM~1 mech-
anism, or by other means. Concealed working of the ground, as well as digging
out trenches at intersections with other underground installations, is carried
out in the presence of the representatives of the organizations to which these
installations belong, and concerning which they are notified well in advance.

Enough is left over at the beginning and terminating points of the structural
lengths of the cables for their connection. The left over length is taken as
1.2 - 1.8 m for single pair and single quadded cables.
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Figure 3.14, Dimensions of excavations.

a) The excavations for one conduit coupling;
b) The excavation for two conduit couplings;

Key: 1. Conduit coupling; 2. Field side; 3. Road side;
4. Trench.

Excavations are dug out for the connection of the structural lengths of the
cables. The dimensions and shapes of the excavations for single quadded ca-
bles are shown in Figure 3.14.

Laying Cables in Telephone Conduit

Rural telephone network communications cables are run in telephone conduit
(in an individual or already occupied conduit) in urban areas. In free con-
duits, the cables are pulled in by a 5 mm diameter steel wire or a steel ca
ble, while in already occupied channels using hemp twine or rope. When lay-
ing multipair cables, the cable or rope is fastened to the steel cable grip
attached to the cable. Single pair and single quadded cables are, as a rule,
pulled in the conduit manually, while multipair ones are pulled in using win-
ches, When laying cables with plastic jackets, the use of lubricants (tech-
nical vaseline) is not permitted.

The cable left over at inspection points should amount to 1.25 - 2.5 m.

Placed on the cable in each cable access manhole is a numeration ring, on
which the number of the cable, its type, capacity and diameter of the cores
is indicated.

Cable Stringing

Single quadded and multipair cables with a capacity, as a rule, of not more
than 100 pairs are strung on open wire communications line support poles.

The cables are secured to a 4.5 - 6.6 mm diameter galvanized steel cable by
means of suspension hangers. The cable is' fastened at angle brackets instal-
led on the poles at a distance of 35 cm from the lower crossarm or hook. The
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suspension hangers are spaced 35 cm apart. The distance from the support
pole to the nearest suspension hanger should be no more than 17 cm. Below
the angle brackets on the support poles, the cable is bent in an arc. No
more than two cables are strung on one line, where they are positioned on
opposite sides of the poles,

A provision is made for stringing cables at intersections only in the fol-
lowing cases:

——- At intersections with water reservoirs up to 40 m wide;

—— Over temporary bridges;

——- Across railroad branches which are not electrified and are of secondary
importance, where the number of tracks is no .greater than two.

In the remaining cases, the cable crossings are made underground.

The Installation of Single Pair Cables

Prior to installing layed out cables, the continuity of the current carrying
cores is checked and the insulation resistance is measured. Installation is
permitted only in the case where the cables exhibit no damage and their in-

sulation resistance is not below the norms.

TABLE 3.56. List of Tools and Accessories Used when Installing Single Pair
Cables with Copper Cores

Number
With Heating Without Heating

Tools and Accessories

Installation workbench 1
Electric soldering iromn 1

Soldering iron, heated with a thermite
muffle cartridge

Installer's knife
Sidecutters
Pliers

Tape measure
Small soft brush

Wooden spatula

T N I = T TR U R

Soldering torch

Tank for heating the junctions

e N = = = I = I

Rubber gloves 1

Canvas gauntlets 1 -

Note: When installing cables with aluminum cores, used instead of a soldering
iron is a holder for thermite muffle cartridges, with which the cores are
welded underneath flux (wearing dark glasses)
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Restoring the insulation covers of single pair cables when constructing rural
telephone communications lines is accomplished using plastic tapes and chemical
compounds, which require heating of the junctions at a temperature of + 105 -
107° C. Under operational conditions, the repair of the insulation covers

of single pair cables is permitted using plastic tapes and adhesive compounds,
which do not require the heating of the junctions (the cold working method).
The list of tools and accessories required by one installation brigade for the
installation of single pair cables is given in Table 3.56. Given in Table

3.57 is the list and consumption of installation materials required for making
10 direct junctions.

TABLE 3.57. Listing for and Consumption of Installation Materials
(Figured for 10 Direct Connection Junctions of Single Pair Cables)

B;i'a: 1121'1'31)‘;(13“7%31( MPIEM 3 %I}Ir)lx?
MarepHanu NHLIR _P.RHM__
. m;»;e; & mpo- Ges 14 npo- Ges ¢ npo- Ges
Mq.terlals pe rpegzu npc;l;p;- rplfson HDOBI;:E- rpezou np::pe'

6. TIpunoft TTOC-40 4 4 4 4 4 4

.7 . Kaandom r 2 2 2 2 2 2

8. Jlenra noausrunexoBas r — — 25 26 25 25
9, Jlenra noJMBHHHAXAODHA-

Hagl r 100 100 100 100 100 100
10. Cwmeco nnactuduxaton r 10 - 10 - | 10 —-
11. IepxnopemnunoBuft kied| p - 100 — 100 - -
12 ., NonuusoGyrunenonasn Mac- ’ » :

*ca r -y — 40 40 40 40
13. JleBTa T NONHE3THJAEHOBAA

AUITKAS r - — — —_ —_— 60
14 'nenuigiﬂ;(l}??xg?ra'?poﬁa. r 5 — 5 — 5 L]
15. IInarat®) r 3 — 3 — 3 -
16. Com NoBapeHHan”) Kr 0,6 — 0,6 —_— 0,6 —

17 .Bona®) an 1,5 — 1,6 — 1,8 —
18, DBensmu o 2,0 0,1 2,0 0,1 2,0 | 0,1
19. Beroms “p 20 | 20 | 20 | 20 20 | 20
20 ey pomny oty emne wr | 1| o1 | | || n
21. Tepmocnumuxs mr 12 12 12 12 12 12
22 . Muno xossficTseruoe r 50 | 100 | 60 | 100 [ 50 | &0

Footnote: The materials marked with an asterisk are used repeatedly.

Key: 1. Unit of measurement; 2. PRVPM, PTVZh, TRVK; 3. PRPPM, PTPZh;
4. With heating; 5. Without heating; 6. POS-40 solder, in grams;
7. Rosin, in grams; 8. Polyethylene tape, in grams; 9. Polyvinyl-
chloride tape, in grams; 10. Plastics mixture; 1l. Perchlorovinyl
glue, in grams; 12. Polyisobutylene paste, in grams; 13. Adhesive
polyethylene tape, in grams; 14. Rubberized cotton insulation tape¥,
in grams; 15. String*, in grams; 16, Table salt*, in Kg; 17. Water*,
in liters; 18. Gasoline, in liters; 19. Rags, in grams; 20. Thermite
muffle cartridges, number; 21. Thermite starter matches, number;
22, Household soap, in grams.
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The ends of the cables which are cleaned of dirt have the insulation and jac-
keting removed (are stripped). The dimensions of the stripped sections should
correspond to the sizes indicated in Table 3.58. Stripping single pair cables
is accomplished using type KIVP-1 pliers or an installer's knife. The cleaned
cores are positioned so that the long core is located opposite the short one.
The cores are twisted with a minimum pitch. The cores which are twisted over
a length of 25 mm are bent back perpendicular to the cable. The twists of
copper and steel cores are soldered, while aluminum ones are welded or sold-
ered, as shown in Table 3.59. The connection of current conducting cores with
a simple twist (without soldering or welding) is not permitted. When working

TABLE 3.58. The Dimensions of Stripped Wire Sections
' un . - ' fud 3. PaﬁMepﬂ,’MM
1. Crena coedine- : , :
 radein Conficuration | s o[A (6 (s rfals]s]e

4, Aparoe [ 110 130 | —
- pwoe 61110 | 30| — | 40 [0 30 [30 | 60
JP0M ¢ NPNEM Toodwux_ (M0 | 30| _ |40 | 200 30 | 30 | 0
740 || T w0 |we|a | =
/?p%ﬁ% o Tpamoe ¢ [15 (25| = [w|w 25| |%
¢ IPEIH
Toodnur, |12 30| 40 |w0| 20 [ 30| 50
PRVPM P04y Yoo |50 | ~ | |0 | 76 | = |0 |
PRPVM Moawoe ¢ | 120 | 50 | 30 | 40 |10 | 80 | 60 | 90
[IPEM » TIPTBM 3, :
" e | o, 22| 80| 20| 0 [0 [ a0 | 50| 30
PREVM | 5 760 {50| 30| 30|80 |50 | 30 | 30
-4
| mesom ¢ nesr 8.}
BPANM ¢ NPRIM s Imbod |92 |10 |~ |30|80)20 | — |30
NPAEM ¢ TPEIM :—;,g—g_-,_ ,
. ? AIBICIDlalblcld.
Iﬂ’frEg(Zh to _ z ~ | Mpamoe g 110 | 30\ — | 40 L 10030 | 30 | 60
BN ¢ TBK e ‘ T 1,
' : L Tnod 10130 |40 1100\ 3030 |60
PTVZh | oy POLG Viig |30 | ™ |40 10| 20 | = |
g 7 | 5| = 40|70 |25 | = | 4
PTPZh il - _
menme] 2

00\30) |20 |70\ 30— |40

PTPZh

7,221712//11/(7 a0 40|10} 30} 30 |60
4

Footnote: For three way connections, the dimensions of the line cable are
indicated in the numerator, and indicated in the denominator are the dimen-
sions for the branch cable.
Key: 1. Type of cable; 2. Type of conmnection; 3. Dimensions, mm;
4. PRPPM to PRPPM, PRPPM to PRPVM; 5. PRVPM to PRVPM, PRPPM to PRPPM,
PRPVM to PRVPM; 6. Direct; 7. Three way; 8. Branch-off.

in a permanent shop, the cores are soldered with an electric soldering iron,
or a soldering iron heated with a soldering torch. Aluminum cores are welded
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in the flame of a soldering torch. Under field conditions, it is convenient
to solder copper cores using a cup type soldering iron, the design of which
is shown in Figure 3.15. The soldering iron is heated with a thermite muffle
cartridge (for welding 5 mm steel wires). Aluminum cores are welded with the
same cartridge, which is inserted in a special holder. The core twists are
bent down against the cable after soldering or welding., The sequence for ma-
king the connection of current carrying cores of single pair cables is shown
in Figure 3.16. The configurations for replacing the insulation covers of
single pair cables are shown in Table 3,60. The dimensions of the polyvinyl-
chloride and polyethylene tapes used in the installation are given in Table
3.61.
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Figure 3.15. Cup type soldering iron

Key: 1. Collar ring; 2. Rod; 3. Cover cap; 4. Bar; 5. Knob;
6. Bushing; 7. Blade; 8. Ring; 9. Spring; 10. Insert piece;
11. Handle; 12. Hinge; 13. Rivet; 14. Disc; 15. Screw;
16. Pin; 17. Thermite muffle cartridge.

TABLE 3.59. The Connection of Current Carrying Cable Cores
Core Method of

Material Connection Solder Flux

Copper Soldering P0OS~-40 Rosin

Steel Soldering P0OS-40 A solution of zinc chloride ([or] o

hydrochloric acid, zinc etched)

Aluminum Welding - Flux compositions:
Potassium chloride - 43%
Sodium chloride - 22%
Barium chloride - 20%
Sodium chloride - 15% [sic]

or

Sodium chloride - 25%
Potassium chloride - 58%

Sodium chloride 17% [sic].
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TABLE 3.59. [Continued] The Connection of Current Carrying Cable Cores

Core Method of
Material Connection

Solder Flux

Aluminum Soldering Solder of the fol-  Flux F-59-A, consisting of:

lowing composition: Trichloramine - 82%
Cadmium ~ 20% Cadmium fluoroborate =~ 10%
Tin - 72% Ammonia fluoroborate -~ 5%
Zinc - 8% Zinc fluoroborate - 3%

(the soldering location is
covered with PVKh-26 [PVC]
moisture repellent varnish).

Notes: 1. When connecting copper cores to aluminum and steel ones, the cores
are tinned by the method indicated in the table, after which they
are twisted and soldered with P0S-40.

2, The flux residues are cleaned off after welding.

3. In making branching connections, the cores are soldered with a
standard soldering iron.

4. Aluminum cores are soldered with cadmium solder using F-59-A flux
and a cup type soldering iron.

To restore polyvinylchloride insulation and jacketing, a mixture of plastici-
zers or perchlorovinyl glue is used as the adhesive compound. To restore
polyethylene coatings, a polyisobutylene mass is employed. The use of a mix-
ture of plasticizers requires heating the junctions in a saturated solution

of table salt (450 g per 1 ltr of water). Perchlorovinyl glue does not re-
quire heating the junctions. The compositions of the adhesive compounds are
given in Table 3.62. For convenience in winding the tapes, the cable with the
junction is placed on a work stand. Prior to winding on the tape, the sections
of insulation and jacketing adjacent to the junction are stripped off with an
installer's knife. The tapes are wound with a 50% overlap, in layers. Each
layer should extend over the insulation (or the jacketing) by 5 - 6 mm. In
making three way connections, the tapes are wound on the cable of the line and
the cable of the branch lead. The tapes are wound with moderate tension. The
first five to six layers of polyethylene tapes are wound on the twist of the
cores without polyisobutylene when installing PRPPM, PRPVM and PTVZh cables.

The adhesive compounds are applied to the tape with a soft brush, while the
polyisobutylene is applied with a wooden spatula.

When using the plasticizer mixture, the wound on tapes are secured with cotton
insulating or calico tapes. The securing tape is wound on each core of the
single pair cable in one layer with a 50% overlap. The wound on tape is bound
with cord. The secured junction is heated in a special tank or metal vessel.
The junction is immersed in the cold solution at a temperature of no more than
+ 30° C. The tank is heated with a soldering torch so that the solution boils
in no less than 30 minutes. The junctions of single pair cables are held in
the adhesive solution for eight to ten minutes. Thereafter, they are taken out
of the solution and cooled under natural conditions for three to five minutes.
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Figure 3.16. The connection sequence for the current carrying cores
of single pair cables.

a) Wire prepared for joining; b) Twisted and cut off wires;

c) Soldered wire twist; d) Twist bent down against the cable core.

TABLE 3.61. The Dimensions of Tapes Used in the Installation of Single
Pair Cables

Type of "Quantity and Dimensions of the Tapes for:
Cable The Cores The Jacketing
Straight Junction Three Way Straight Junction Three Way
PRVPM, Two PVC tapes, Two PVC tapes,
PTVZh each 1 m long, each 1 m long,
0.15~0.25 m thick, 0.15-0.25 mm
15 mm wide. thick, 15 mm
wide
PRPVM Two PE tapes, each Two PE tapes, Two PVC tapes, each Two PVC tapes,
0.7 m long, 0.1 - each 1.5 m 1 m long, 0.15-0.25 each 1.5 m long,
- 0.15 mm thick, long, 0.1-015 mm thick, 15 mm 0.15-0.25 mm
15 mm wide. mm thick, 15 wide. thick, 15 mm
mm wide. wide.
PRPPM Two PE tapes, each Two PE tapes,
PTPZh 0.7 m long, 0.15- each 1.5 m long,
-0.25 mm thick, 15 0.1-0.15 mm
mm wide, and two thick, 15 mm wide,
PVC tapes, each and two PVC tapes,
1 m long, 0.15~0.25 each 1.5 m long,
mm thick, 15 mm 0.15-0.25 mm thick,
wide. 15 mm wide.

Footnote: PE = Polyethylene; PVC = Polyvinylchloride.

Following cooling, the securing cord and tape is removed from the junctionms.
The junctions are flushed with clean water and inspected. There should be no
cracks or breaking away of the tape layers at their surface.

When making junctions using perchlorovinyl glue, the work is done wearing rub-

ber gloves in the open air, or in a well ventilated room. After working with
the glue, it is necessary to wash the hands carefully (soap and water).
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TABLE 3.62. The Compositions of Adhesive Compounds

Designation Composition ggng* Method of Preparation
Mixture of Dimethylphthalate, GOST The plasticizers are measured out,
plasticizers 85%; dibutylphtha-  8728-58 poured together and mixed. To
late, 15%; polyvi-  GOST dissolve the tape, the mixture is
nylchloride plastic 5960-51 Theated at a temperature of +70 ~
finely cut up (2.5 - 80° C.
g of plastic per
100 g of mixture).
Perchloro- Methylene chloride, TU MKhP The methylene chloride and the
vinyl glue 857; perchlorovinyl 3105-52 resin are measured out and mixed.
resin, 15% (adhe- TU MKhP Methylene chloride is injurious to
sive); 4274-54  human health. The glue is prepared
in the open or in a fume cabinet.
After working with the glue, it is
necessary to wash the hands care-
fully with soap.
Polyiso- P-20 polyisobuty- TU MKhP The polyisobutylene is measured
butylene lene, 69 g; P-85 1761-54  out, pulverized down to a size of

polyisobutylene, 6 TU MKhP 1 - 3 cm3, mixed, and the benzene
g; B-70 benzene, 25 1665-54 is poured over it. The mass is

g per 100 g of GOST kept in a closed container, being
[polyiscbutylenel] 443-56 mixed daily. It is ready for use
mass. after five to six days.

% GOST = State Standard; TU = Technical Specifications.

Note: The mixture of plasticizers is poured into polyethylene or glass bottles
with a capacity of 0.1 - 0.25 1ltrs. Polyethylene and glass containers with
hermetically sealing stoppers are used for perchlorovinyl glue. Applied to
them are labels with the inscription, "Caution! Perchlorovinyl glue".

The polyisobutylene mass is poured into a glass container with a capacity
of 0,1 - 0.25 liters and having a wide mouth.

When installing single pair cables under fixed shop conditions, the finished
cables are wound on the reel of a cable layer. However, if the mounting is
performed under field conditions, then the cable reserve and the junction are
layed on the bottom of the excavation and sprinkled with loose earth. After
finishing each junction, electrical measurements of the insulation resistance
are made. The measurements are made from the nearest end of the finished sec-
tion of the line.

During the operational acceptance of newly built or major overhauled lines,
consisting of single pair cables, their insulation resistance, figured per 1
Km; should be no less than 757 of the magnitude established for the insulation
resistance of the cable.
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The insulation resistance of single pair cable lines in operation should be
no less than 3 MOhm.Km. After the electrical measurements, the positions of
the junctions are noted on the line route schematic (indicating the distance
from the junction to the nearest terrain orientation points) and the excava-
tions are filled in.

The procedure for installing single pair cables is set forth in detail in the
"Vremennoye rukovodstvo po prokladke i montazhu odnoparnykh kabeley s plast-
massovoy izolyatsiey dlya radiofikatskii i sel'skoy telefonnoy svyazi' ["Pro-
visional instructions for the laying and installation of single pair cables
with plastic insulation for radio repeater and rural telephone communications"],
Moscow, Svyaz'izdat, 1963.

The Installation of Single Quadded Cables

Single quadded cables with polyethylene jacketing are installed on rural tele-
phone communications lines in the following manner:

-— By restoring the polyethylene insulation using polyethylene tapes with
polyisobutylene when joining the polyethylene jacket with polyethylene
coupling sleeves, which are fused to the jacket under fiberglass tape with
an open flame;

~— By restoring the polyethylene insulation through pressure molding of the
core insulation and the strip insulation of the cable using molten poly-
ethylene and by restoring the polyethylene jacket with a polyethylene coup-
ling sleeve, fused to the jacket with an open flame under a fiberglass tape.

Single quadded cables with polyvinylchloride jackets may be installed using the
following methods:

-- By restoring the polyethylene insulation using polyethylene tapes with poly-
isobutylene when joining the polyvinylchloride jacketing with polyvinyl-
chloride tubes, fused to the jacket with copper bushings heated by a solder-
ing torch;

—- By restoring the polyethylene insulation using polyethylene tapes with poly-
isobutylene when joining a polyvinylchloride jacket using polyvinylchloride
tapes with a plasticizer misture and heating the junctions in boiling salt
water;

-~ By restoring the polyethylene insulation through press molding of the core
insulation and the strip insulation of the cable with molten polyethylene
and by restoring the polyvinylchloride jacket using a polyvinylchloride
tube fused to the jacket by means of a welding rod in a hot stream of air.

A listing of the tools, accessories and equipment required by one installation
brigade for the installation of a single quadded cable is given in Table 3.63.

Given in Table 3.64 is a list and the amount used of the installation materials
required for making 10 direct junctions of a single quadded cable.
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Figure 3.17. The dimensions for stripping KSPP-1x4x1.2 cable:

a) When restoring the insulation with polyethylene tapes;
b) When press molding the junction.

The ends of the cables to be worked are cleaned of dirt. The jacketing and
insulation is removed from the end of the cable. The dimensions of the strip-
ped sections should correspond to the quantities indicated in Figure 3.17.

The dimensions of the tapes, tubing, four-way unions, and so forth, of the
materials which are used in the installation of single quadded cables, are
indicated in Table 3.65. The compositions of the adhesive compounds are given
in Table 3.62,

Single quadded cables are stripped with an installer's knife. The cores are
twisted over a length of 25 mm with a minimum pitch. The twisted cores are
soldered or welded according to the data of Table 3.57. Copper cores are sol-
dered with a soldering gun, heated by thermite muffle cartridges. The twists
are bent down against the cable cores.

The cable with the junction is positioned in the installation work stand., Each
core is wrapped with polyethylene tape with polyisobutylene. The tapes are
wrapped with a 50% overlap. The first five to six layers are wrapped on the
twisted cores without the polyisobutylene.

After restoring the core insulation, the strip insulation is restored. The
restoration is accomplished using polyethylene tape with polyisobutylene. The
tape which is wound on is bound with a narrow polyethylene strip to protect
against its unwinding by itself. The shield wire is wound on the junction and
connected with a simple twist. Aluminum shield wires are wound with a 15 -

- 20% overlap and joined together with a roofing seam.

The polyethylene jackets of single quadded cables are restored with polyethyl-
ene coupling sleeves, Prior to connecting the cores, the polyethylene half-
sleeves are placed on both ends of the cable. After restoring the core insu
lation, the strip insulation and the shield, the half-sleeves are moved up over
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TABLE 3.63. List of Tools, Accessories and Equipment for the Installation
of Single Quadded Cables

PE Jacket PVC Jacket

Tools, Accessories and Equipment

restoring the jac-
ket with a weld-

When press molding
ing rod

jacket with a PE
fused under fiber—
glass tape

When restoring the
jacket with cop-
per inserts

When restoring the
jacket with PVC
tapes with a plas+
cizer mixture

the junction and

When restoring
the insulation
with tapes, the
coupling sleeve

Mobile electrical generator

S$-511 compressor (or vacuum
cleaner)

Monitor and distribution panel - - -
Step~down transformer - - -

Welding gun - - -

Press former - -

Extruder - -

Installation work bench
Soldering iromn
Installer's knife
Sidecutters

Pliers

e T = I I I R O SR S R SR

T e
[ N T

Tape measure

' Soft brush

Wooden spatula

Copper imserts

A
=

Soldering torch

Tank for heating the junctions - -

i
|

R I = T = = T I =TI
1

Canvas gauntlets - 1 1

Note: 1. When installing single quadded cables with aluminum cores, a holder
for thermite muffle cartridges, with which the cores are welded under
flux, is used instead of a soldering iron.

2, Here and in the following, PE = Polyethylene; PVC = Polyvinylchloride.
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TABLE 3.64. Listing and Consumption of Installation Materials

(Figured for 10 Straight Junctions for a Single Quadded Cable)

PE
Jacket PVC Jacket
1
1 § 0 I
E omoSua an gw o0 f 29
d S 00@ 20 R T g 1o
g $omogs ba $ o %'E'ﬁ a
M ial H oYW omEaw o w> o 289w
ateria 7 SES5™~, 8 8 A" 8e BagT8
G N =B R - Hoo Hoy o o
d ogdUBWH W 0R cB XU vdgd
= Logdod Ld Beeded N OB
oA 8200 0B nEEHd 00U =
(TR TR H0 ¢ o 0 O &g e
0 H® sab)OH HPP HPALA D dd
= wg Y TR e
& g8 o-d o gEM 0 oMo O o b
P 225fdy 292 f9ds secl
S !§-H & Mo Ig-rvﬂ é-rus fah é QL0 3
POS-40 solder g 10 10 10 10
Rosin g 4 4 4 4
Polyethylene tape g 350 75 75 -
Polyvinylchloride tape g - - 380 250
Mixture of plasticizers g - - 30 -
Polyisobutylene g 120 120 120 -
Insulating cotton tape g - - 10 -
Cording g - - 5 -
Table salt Kg - - 1 -
Water ltr - - 2.5 -
Gasoline ltr 1.5 1.0 2.0 1.25
Rags g 50 50 50 50
Thermite muffle cartridges No. 11 11 i1 i1
Thermite starter matches No. 12 12 12 12
Polyethylene coupling sleeves No. 10 - - -
PVC tubing (Foupling sleeve) No. - 10 - 10
PVC rod stock - g - - - 200
Polyethylene four~way union g - - - 20
Granular polyethylene g - - - 400

Slotted steel coupling sleeve
with two rings (for restoring No. - - - 10
the shield)

Rubberized tape No. - 1 - -
Fiberglass tape ‘ g 200 - - -
Household soap g 50 50 50 50
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the junction and coupled together. The coupling sleeves are fused to both
jackets using an open flame underneath fiberglass tape. Polyethylene tapes
are wrapped on the junction of the half-coupling sleeves, on the cable jac-
ket and on the cones of the coupling sleeves so that the thickness of the
wrapped on layer matches the thickness of the jacket. Then the polyethylene
tapes are wrapped on with two layers of fiberglass tapes. The ends of the
tapes are secured with soft wire. The fiberglass tape is heated uniformly
with the flame of a soldering torch.

After cooling the melted joint down to 50° C, the fiberglass tape is removed.
If defects are detected when inspecting the point of the weld (incomplete
fusions, holes, bubbles), then polyethylene tape and fiberglass tape are wrap-
ped on again, and an additional fusing is carried out.

When restoring a polyvinylchloride jacket by means of fusion with copper in-
serts, prior to connecting the cores, a polyvinylchloride tube is placed on
one end of the cable., After the shield is restored, the tube is moved up

over the junction and positioned so that it covers the contiguous parts of the
jacket over the same length. Two copper inserts are inserted under the tube
from one end of the junction. The end of the tube with the inserts is wrapped
with rubber tape 10 to 15 mm wide. The tail portions of the inserts are heat-
ed in turns with a soldering torch. After heating the sections of the inserts
introduced into the coupling sleeve up to a temperature of + 180 - 200° C,

they squeeze out spontaneously by themselves and fall out. The coupling sleeve
is cooled for two to three minutes, being held statiomary, after which the
rubber tape is unwound and removed. The point of the weld is inspected. There
should be no deep creases, incomplete fusions or burns in it. The polyvinyl-
chloride residues are removed from the cooled inserts, The other end of the
coupling sleeve is fused to the jacket in a similar fashion.

When restoring the polyvinylchloride jacket of single quadded cables using
polyvinylchloride tapes with a mixture of plasticizers, they are wrapped on
the junction after the shield is restored (as indicated for single pair cables).
The polyvinylchloride tape which is wrapped on is secured by rubber impreg-
nated cotton insulating or calico tape and is bound with cord. The secured
junction is immersed in a bath with cold salt water. The bath is heated to
boiling for 30-35 minutes. The junctions of single quadded cables are kept
in the boiling solution for 10 - 12 minutes. Then the junctions are removed
from the solution and cooled off. The cording and the securing tape is re-
moved from them. The junctions are flushed with water and inspected. There
should be no cracks or emissions of the polyisobutylene in them.

When installing single quadded cables using the press forming method, the
current carrying cores are soldered in the usual fashion, after which a poly=
ethylene four-way crosspiece is inserted between. them. The junction is placed
in the press former, which is fastened to the installation work stand. After
heating the press former and the injection molder with the polyethylene, they
are joined together. The molten polyethylene is injected into the press for-
mer. The shield is restored at the press molded junction with two steel fish-
plates, after which polyvinylchloride tape is wrapped on it. Then, a
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polyvinylchloride tube is slipped over it, which was placed on one of the
cable ends beforehand. The tubing is fused to the jacket with the inserts or
by means of a welding rod heated by a jet of hot air obtained from a welding
gun.

Cable jackets of different materials (polyvinylchloride and polyethylene) are
joined together by means of special transition sleeves.

The quality of the junctions is checked by electrical measurements which are
conducted from the near end of the finished section of the line. The junctions
are considered to be of good quality if the resistance of the insulation of the
line section figured for each 1 Km is no less than the values indicated in sec-
tion 3.2. At the points where the junctions of single quadded cables are lo-
cated, gauging posts are set up.

The positions of the junctions of single pair cables are marked on the schema-
_tic of the line route.

The procedure for the installation of single quadded cables is set forth in
detail in "Vremennaya instruktsiya po prokladke i montazhu odnochetverochnykh
kabeley tipa KSPP" ["Provisional Instructions for the Laying and Installation
of Single Quadded Type KSPP Cables"], Moscow, Svyaz' Publishers, 1970.

The Installation of Multipair Cables with Plastic Insulation and Jacketing

Cables with polyethylene insulation of the TPP and TPPB types find application
on rural telephone network lines. On suspension lines, and when the lines are
run through the walls of buildings and inside rooms, cables with polyvinylchlor-
ide jacketing having a capacity of up to 100 pairs of the TPV type can be used.

The cable cores having the same diameter are connected together with a simple
twist. In this case, to speed the process of connecting the cores of the
cables, the use of a paired method of joining them together is recommended. The
core twists are insulated with polyethylene liners. Insulating two core twists
with one common liner is permitted.

The position of the finished cores in pairs or quads is established by grouping
rings or lacing with gray twine,

The installation of the polyethylene jackets of multipair cables is accomplished
by:

—— Fusing the polyethylene coupling sleeves to the cable jackets and the parts
- of the coupling sleeve to each other with polyethylene tapes, which are heated
under a fiberglass tape with the open flame of a soldering torch or gas
burner;

-- Fusing the polyethylene coupling sleeves to the cable jackets and the parts
of the coupling sleeves to each other with copper inserts, which are heated
by a soldering torch or a gas burner (for a cables with a capacity of more
than 100 pairs);
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-- Fusing the polyethylene coupling sleeves to the cable jackets and the parts
of the coupling sleeves to each other by electrically heating them;

—— Fusing the polyethylene coupling sleeves to the cable jackets, and the parts
of the coupling sleeves to each other with a polyethylene rod, heated by a
flow of hot nitrogen.

Inside dry buildings the installation of distribution cables with a capacity of
up to 100 pairs is permitted using polyethylene coupling sleeves and adhesive
polyethylene tapes, and for those with a capacity of up to 20 pairs, using only
one adhesive polyethylene tape.

The installation of the polyvinylchloride jackets of multipair cables is ac-
complished by:

—-— Fusing the polyvinylchloride coupling sleeves to the jackets of the cables
and the parts of the coupling sleeves to each other by means of copper in-
serts;

—- Fusing the polyvinylchloride coupling sleeves to the cable jackets and the
parts of the coupling sleeves to each other using a polyvinylchloride rod,
heated with hot air.

In dry rooms, the installation of distribution cables with a capacity of up to
100 pairs inclusive is permitted using polyvinylchloride coupling sleeves, which
are connected to each other and to the cable using polyvinylchloride adhesive
tape. For cables with a capacity of up to 20 pairs, the wrapping of the junc-
tion with six to eight layers of polyvinylchloride adhesive tape is permitted,
without the use of coupling sleeves.

Armored cables of the TPPB and TPPBP types are installed using plastic and
cast iron couplings. Cast iron coupling sleeves are filled with MKB cable
compound, heated up to a temperature of no more than +95° C.

TABLE 3.66. Transition Sleeves and Coupling Sleeves

Type of Cables Type of Transitiomn Coupling Sleeve to be Used

Being Installed Sleeve

TPP and TG MPK-PS A lead or polyethylene coupling sleeve
TPV and TG MPK~VS A lead or polyethylene coupling sleeve
TPP and TPV MPK-PV : A polyethylene or polyvinylchloride

coupling sleeve.

The installation of multipair cables having different jacket materials is ac-
complished by means of transition sleeves. The type of transition sleeves and
the material of the coupling sleeves are shown in Table 3.66.

The installation of cables having different jackets with a capacity of up to

30 pairs may be carried out using only transition sleeves (without the use of
coupling sleeves).
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The procedure for installing multipair cables is set forth in detail in "Vrem-
enn a instruktsiya po prokladke i montazhu kabeley GIS s plastmassovoy izol-
yatsiey i obolochkoy" ["Provisional Instructions for the Laying and Installation
of City Telephone Exchange Cables with Plastic Insulation and Jacketing'], Mos-
cow, Svyaz' Publishers, 1972.

The quality of the installation work on the line sections after installing three
to five coupling sleeves, and then over the entire line, is determined by chec-
king:

~— The continuity of the cores;

—— Shield continuity;

—- The absence of shorts between the cores;

—— The absence of open pairs;

—-— The hermetic seal of the jacket (on cables with a capacity greater than

100 x 2).

The electrical measurements enumerated in Table 3.67 are performed on the in-
stalled and checked line.

TABLE 3.67. List of Electrical Measurements to be Performed on Multipair
Cable Lines

MEASUREMENTS

Using Direct Current Using Altermating Current
Loop resistance of the working pair Crosstalk attenuation
cores
Ohmic resistance balance in the Working attenuation

working pairs

Insulation resistance between each
pair and all the remaining ones, con-
nected to the shield and ground

Working capacitance

On subscriber lines using multipair cables of the TPP and TPV types, the insu~-
lation resistance should be 5,000 MOhms per Km for lines without terminals and
1,000 MOhms per Km for lines with terminal devices.

The subscriber line should have an insulation resistance of no less than 100
MOhms over the entire length.

The difference in the resistances (ohmic imbalance) of the cores over the entire
length of the line should be no greater than 1% of the loop resistance.
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3.4. ELECTRICAL MEASUREMENTS OF OPEN WIRE AND CABLE COMMUNICATIONS LINES

The Purpose of the Electrical Measurements

Electrical measurements of open wire and cable communications lines are con-
ducted for the purpose of determining:

~— Whether the electrical characteristics of the installations being placed
in service meet the set norms;

—— Whether the existing lines, grounds and protective devices meet the norms
for warning of and preventing damage;

~- The nature and location of damage;
—— The quality of the materials and spare parts supplied by industry, as well
as of a repair which has been made.

Errors in the electrical measurements are permitted which do not exceed the
magnitudes given in Table 3.68.

TABLE 3,68. Permissible Measurement Errors
Unit of Permissible
Type of Measurements Measurement Measurement
Error, 7%

Insulation resistance:

Up to 1,000 MOhms 5

Greater than 1,000 MOhms +10
Circuit resistance Ohms
Difference in the resistances of the Ohms 0.3
conductors (cores)
Working capacitance of the circuit:

From 0.005 to 0.4 ufd +3

From 0.4 to 5 ufd +2
Absolute value of the characteristic Ohms +0.5
or input impedance of the circuit
Line interference (noise) of the circuit dB (Nep) +0.9 (0.1)
Inherent or working attenuation of the dB (Nep) +0.43 (0.05)
circuit
Crosstalk attenuation and isolation dB (Nep) +0.9 (0.1)
between the circuits, and the attenua-
tion imbalance over the length of the
circuit
Resistance of line grounds Ohms £3.0
Firing voltage of the dischargers \'s +10
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[Key to Table 3.69 Continued on pages 140 and 141]:

[Columns] 1. Characteristic being measured; 2. Nonmultiplexed and remote
subscribers; 3. Multiplexed; 4. With terminal amplifiers;
5. Local subscribers; 6. Nonmultiplexed and remote subscribers;
7. Multiplexed; 8. Local subscribers; 10. Nonmultiplexed and re-
mote subscribers; 11. Multiplexed; 12. With terminal amplifiers;
13. Local subscribers; 14. Check measurements.

[Entries]:

15. Level of line interference (noise) on physical circuits; 16. Once annually
and as required in a frequency range of 0.3-0.4 KHz, 100%Z; 17. As required

in a frequency range of 0.3-3.4 KHz; 18, In a frequency range of 0.3-3.4 KHz,
100%; 19. Level of line interference (noise) on phantom circuits when organiz-
ing a hard wire broadcast channel; 20. Once annually and as required in a fre-
quency range of 0.1-6.0 KHz, 100%; 21. Imbalance attenuation over the length
of physical circuits at the near end of a line; 22. As required in a frequency
of 0.8-3.4 KHz; 23, In a frequency range of 0.8-120 KHz, 100%; 24. The resis-
tance of grounds at input-switching units, cable boxes, unmanned amplifier
stations of multiplex equipment, suspension strands for suspension cables,
lightning arresters, etc.; 25. Firing voltage of dischargers at input-switching
units, cable boxes and cable blocks of multiplex equipment NUP's [unattended
amplifier stations], etc.; 26. In a frequency range of 0.3-120 KHz, 100%;

27. As required in a frequency range of 0.3-3.4 KHz, 100%Z; 28. In a frequency
range of 0.8-120 KHz, 1007%.

The scope and frequency of the electrical measurements are indicated in Table
3.69.

All of the work related to the performance of electrical measurements on line
and cable installations should be carried out with the obligatory observance
and implementation of engineering safety regulations.

The Classification of Measurements

The electrical measurements of communications lines, grounds and protective
devices are subdivided into:

—— Scheduled omnes, performed periodically during operation;

-- Unscheduled ones, performed to determine the location of a fault point
(or section);

—-— Inspection ones, performed on the line after completing any installation
or construction work, including work related to opening up a cable during
routine repairs;

—— Acceptance ones, performed for the operational acceptance testing of newly
built, retrofitted or overhauled lines and grounding devices.

The results of planned and check measurements serve as the initial data for
the determination of the condition of the lines, grounds and protective
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devices, and as a basis for working out plans for routine and major repairs
or the project planning for rebuilding communications facilities.

Direct Current Electrical Measurement Methods for Communications Lines

The insulation resistance between the conductors (cores) of a circuit, of each
conductor with respect to ground (the shield), as well as for the shield of
the cable with respect to ground, is measured using a voltmeter-milliammeter
or a bridge. Insulation resistancesup to 1,000 MOhms are measured by the

i i measured
a) o Lagskm A L%ﬁ%w&ﬁ%ﬁ y]
- K w1 nposod Mywem Point
INT Jia & {mun; | b .
' ¥ Ry o 1 R.
110 volts?t 108 . I 3.  w|® Rig
R”Rn Ry Tol)b RooBod (xeusa) by
P | uau 3KpaH (semag) |
. |
f) ‘ L .
b) — \E _ Npofod 1
‘ - 4
M la (¥cung) halﬁ R
5 | ol Tins
4 b _Npobod (xung) b
= | 4T 3KPOH (3EMI8) |
118 | 3. .|
| |
| {-

Figure 3.18. Measuring the insulation resistance between the conductors
(cores) and between the conductor (core) of a circuit and
the cable shield (ground).

Key: 1. Point A; 2. Conductor (core); 3. Conductor (core) or shield
(ground) .

voltmeter-milliammeter method (Figure 3.18a) using type PKP-2M (PKP-50),

KM-61S, or PKP-3 instruments, the scales of which are graduated in Ohms (MOhms).
In measuring an insulation resistance greater than 1,000 MOhms, PKP-2M, MEG-9
(MEG-8), or MOM-4 (MOM-3) instruments, where they are connected in a bridge
circuit with vacuum tubes, are employed.

In measuring Ripg, the conductors at point B are isolated. The requisite meas-
urement circuits for Rjng < 1,000 MOhms are created by means of the switches
on the switch panel of the measurement instrument. If Rj,g > 1,000 MOhms (for
example, the insulation resistance of cable cores), the cores are connected to
the other terminals of a PKP-2M instrument or a MOM-4 (MOM-3), or a MEG-9 (MEG-
-8) dinstrument. After voltage has been applied to the conductor for 1 minute,
the magnitude of the insulation resistance is read from the galvanometer scale.
However, the actual magnitude of the insulation resistance over the length of

the line will be equal to the instrument reading multiplied by the galvanometer
scale factor.
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The working capacitance of a circuit or the electrical capacitance of a core
with respect to the shield is measured using type PKP-2M (PKP-50), KM-61S or
PKP-3 instruments (Figure 3.19).

Prior to making measurements at the opposite end of the section being measured
(point B), the cores are isolated. The requisite measurement circuits are
created by using the switches on the switch panel of the measuring instrument.

Point A fynkm A 2°MJME,M€M119 3
- 1.k Li A Ausug [Jyikm Point B
- F Eam | E

J [o——

‘Rn 'Rg c HIB.MWM 1 i
B 110 voltd s ”" ‘T'I

i U ¢ D B/ .l J/cuzzz(aemﬂ) :b

T - L2 Jo(3)

Figure 3.19. Measuring the working capacitance of a circuit.
Key: 1. Pushbutton; 2. Line being measured; 3. Core; 4. Core
(ground); G = Galvanometer; Ly = Line one terminal;

When using the PKP-2M instrument, the measurement circuits are obtained by
switching the circuit cores at the instrument terminals. After applying vol~
tage to the circuit being measured for two minutes, the capacitance over the
length of the line being measured (the section) is read at the maximum deflec-
tion of the galvanometer needle. The circuit capacitance will be equal to the
galvanometer reading (graduated in microfarads), multiplied by the scale fac-
tor of the instrument.

The circuilt resistance is measured in the

L. ngmmn 3dauepsenss Mypm2 . bridge method using the PKP-2M (PKP-50)

g or KM-61S instrument (Figure 3.20). Prior
to making the measurement, the conductors
at the opposite end of the line are con-
nected together. The bridge is balanced
by means of variable resistor R,. When
R1 = R2, the magnitude of the circuit re-
sistance is read directly from the varia-
ble resistor, and when Ry # R2, it is de-
termined from the formula:

Figure 3.20. Measuring circuit
resistance.
Key: 1. Point A; 2. Point B;
3. Line being measured;
4. 4.5 volt battery;
= Galvanometer.,

If the measurements are made at a temper-
ature other than +20° C, the magnitude of
the resistance will be referenced to +20° C.

The difference in the resistances of the circuit conductors is determined
using the PKP-2M (PKP-50M) instruments by means of a bridge with constant ra-
tio arms. The conductors are connected together and grounded at the opposite
end. When the bridge is balanced (R] = Ry), the value of Rp is obtained.
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If the bridge cannot be balanced, it is necessary to reverse the positions of
the conductors at the terminals L] and Lo and repeat the measurement. The
magnitude of the difference in the circuit conductor resistances is read di-
rectly from the variable resistor Ry, Rimp, = Rp-

) Lo ppukm A 2 Jlamepsemas ,nygm

L 3. Figure 3.21. Measuring the difference
in the resistance (imbalance) of the
conductors (cores) of a circuit.

Key: 1. Point Aj;

' 2, Line being measured;
3. Point B;
4. Auxiliary conductor;
5. Grounding switch.

Ry 1 2 proomozamens-
— s _npolod

When transient currents are present, an auxiliary conductor of any length,
diameter and material (Figure 3.21) is used as a return conductor (ground).

The magnitudes of the difference in the resistances of the circuit conductors
should not exceed the norms given in the appendices.

Alternating Current Methods for the Electrical Measurements of Lines and
Protective Devices

Instruments with balanced or unbalanced inputs with respect to ground, which
are connected to the line being measured through shielded balancing transfor-
mers, are sued for the measurement of the electrical characteristics of lines
by means of altermating current. The input impedance of the measurement ins~
truments should be high, or equal to the characteristic or input impedance of
the line being measured. The type of instruments to be used is determined by
the amount of line noise. 1If the noise level is 13.0 - 17.3 dB (1.5 - 2.0 Nep)
below the expected attenuation, then the application of wideband voltmeters is
recommended, and in the converse case, the use of selective level (voltage)
meters is recommended. The meausrements are made from both ends of the line
(the amplified section).

The absolute value of the characteristic impedance of the structural lengths

of open air and cable lines with an attenuation of up to 13.0 dB (1.5 Nep) is
determined by measuring the input impedances of the circuit under no load (iso-
lated) and when its conductors are short circuited at the far end. In deter-
mining the magnitude of the short circuit impedance, Ry,, of the circuit con-
ductors, the switch II [P] is thrown to position 2-4, and the magnitude of the
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voltage is read from the level meter, UU. Then the switch is thrown to po-
sition 1-3, and by varying the amount of the resistance of the resistor de-

cade, Ryg, the same readings are achieved on the level meter, UU, as when the
switch was thrown to position 2-4,

The magnitude of the resistance of the unloaded circuit is determined just as
when measuring Rkz [short circuit resistance], but the circuit conductors are
set in the "insulation'" position at the far end. The absolute value of the
characteristic impedance of the circuit for each measurement frequency is com~
puted from the formula:

|2inl = /R ireuith = %=V RysRex

short circuit mno load

a) Point.A 1. Point B
0  fygskmA Hamepaemad  Nyukm

]
mq;fy iz JUKES 1 M 1st measurement
G
'I lp b %ZU«?M 2nd measurement

-
N

o)
[
=

p

Z-Myy@

— i

Figure 3.22. Measuring the characteristic and input impedances of
a circuit.
Key: 1. Line being measured; 2. Level meters;

MS = Attenuator decade; CTp = Balancing transformer;
G = Signal generator.

The absolute value of the input impedance of the circuit is measured in ac-
cordance with Figure 3.22 under operational conditions for the circuits of
mutliplexed lines with an attenuation of greater than 13.0 dB (1.5 Nep).

The line being measured is loaded into a resistance at the far end (Figure

3.22) equal in magnitude to the absolute value of the input impedance of the
multiplex equipment. By means of the resistor decade, the smae readings are
obtained on the level meter when switch P is thrown to positions 2-4 and 1-3.

The absolute value of the circuit input impedance will be equal to the reading

of the resistor decade, Rpg, i.e. lzinl = Znse
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The following instruments are used for the measurements: the UUP-600 (300),
12xN036, IUU-600, IG-300, G-33, STr-300, etc.

The circuit attenuation is measured by means of a generator having any input
impedance and two level meters.

An inherent circuit attenuation of up to 13.0 dB (15. Nep) is measured using
the circuit shown in Figure 3.23a. The measurement process consists in setting

a) Point A
g} NyrkmA
g Rue

10:—;‘ .INJiIIt B
HamepIEMIS fywxm b

_ i T M”y
A .

Mf”’ b El@
3

13)) {Tp '

\Rue 172

L'Tp Hyy 2,

i
1 1
|
1
i

a}ia

Figure 3.23.
attenuation.

Key: 1. Line

v lg}@

Measuring circuit

being measured;

2. Electronic level meter;
3. Lével meter;

Rye = Variable resistor decade

Ry = Load resistance.

the load resistances, RMc [Rpgl (at points
A and B, simultaneously for each measure-
ment frequency) equal to the characteris-
tic impedance of the circuit, and reading
the levels pj at the transmit and pp at the
receive ends of the line. 1In this case,
the inherent attenuation of the circuit
(for each measurement frequency) will be
equal to the difference in the transmit
and receive levels:

= p1 - p2 - 0.69,

where 0.69 is the attenuation introduced
into the circuit being measured by the
resistance of Ry (Point A).

An inherent circuit attenuation of greater
than 13.0 dB (1.5 Nep) is measured using
the circuit of Figure 3.23b. In this case,
the circuit is loaded into a constant re-
sistance Ry [Ryl at point B, equal to the
absolute value of the characteristic im-
pedance of the circuit or the absolute

value of the input impedance of the multiplex equipment.

a)®  1JymmA
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Figure 3.24. Measuring the crosstalk
attenuation between physical circuits
at the near end of a line.

Key: 1. Point Aj
2., Line being measured;

Ru l
.y 1B dJiens, .
1} 27 u : .
6@| K k”[j "Uﬁﬁt’ﬁwfﬂ/{ﬂﬂl ﬁﬁ” 3. Point B;
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4, Interfering circuit;
5. Circuit being interfered with;
6. Electronic level meter.
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fnugnuse ‘
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The following units are employed in measuring the inherent and working at-

tenuation of a circuit: the IG-300, G-33 (LIG~60), UUP-600 (300), 12xN036,
UU-110, IUU-600, MZ-600, 12xN024, Str-300, etc.

The crosstalk attenuation between physical circuits at the near end and the
isolation at the far end of a line are measured using the comparison method
or the level difference method (Figure 3.24b and 3.25b). The quantities A,
and Aj are measured by comparing the level obtained at the output of an at-
tenuator decade with the level at the output of the circuit being interfered
with. The attenuator decade is adjusted for identical readings of the level
meter at positions 1-3 and 2-4 of switch P. The readings of the attenuator

Point A 1, -Point B~ . .
a) 0) NywkmA HaMepaemas “Mynxm b Figure 3.25. Measuring the cross-
L1 be—ﬂﬂﬁi——aj O - talk attenuation between physical
1516 O pausmyan @y MI ] circuits at the far end of a line.
|§ 0t |, [[R# Ry
b2, yent N A
X ' -~ 17} 4

A N Key: 1. Line being measured;

H 7 ' . . .
Rﬁﬂglummgmmmwwwiﬂ Ry -f_Efijﬁ 2. Interfering circuit;

ras Druanin 3, = - 3. Circuit being interfered
b) § ! with;

| .

| =
3 ui TP ER P M3 = Attenuator decade.
~ 12, uens b LA

+ + 726 J 1)1
7 Hl'z/em;, nodbepen-10 0. ’%3 ;
#il b g Bougwum 31p 7Y 77

decade are taken at each measurement frequency.

Measuring the quantities Ay and Aj using the level difference method consists

in reading the level pj in the interfering circuit, and p, in the circuit sub-
ject to the interference on the level indicator, the IUU (UU). The quantities
Ay and Aj are computed from formulas at each measurement frequency.

1. The comparison method:

- Ao (As) = ay, (upHt Ryp == Rnn)i_

) 1 R
Ay (As) = ayq — — In R‘“’ (npu Ryp %= Rim).
e o - oS - |+ S

[oy3 = Attenuation of the attenuator decade; Ryp = Characteristic impedance

of the interfering circuit; Ryp = Characteristic impedance of the circuit
subject to the interference; Az = A{]

2. The level difference method:
[Ag (As) = py — p3 (npr Ryg == Ryq);

1 Ry
Ao (Ag) =py—pa— D) 1T1 Rum

(mp# Ryp + Run).




The crosstalk attenuation between the phantom and physical circuits at the
near end, and the isolation at the far end of a line are measured by the com-
parison method (Figures 3.26a and 3.27a) or the level difference method (Fig-
ures 3.26b and 3.27b) at frequencies of 0.8 and 6.0 KHz. The methods of mea-
suring the quantities A, and Aj for the circuits subject to interference are
similar to the measurement methods for the physical circuits, while the cal-
culation is carried out for each circuit using the following formulas:

a) U Point A MymmA 1, Ma%?méuaﬂ nyekmb Point B
' Dxr 45 Rq H———————H Ry A8

uenb nodfepncey- 0
MZ I [”HIM Gnugpum 2 4 (; l

T,

. 2. L Redp
1zp 456 i | Yens, nodbepaten- T
T ] b1H09 ‘frugnur g |
I /Zﬂ Ry | i
rﬂﬂ RH - -] Ry ﬂﬁ

w r%n NI
; 2.
Iuu @I{ﬁ”ﬂﬂa %l - { 1ZRy
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aqurb TIBEpAR AT
I i = 3' yliag. Byusnum 1/1 I
- Drdr RH 2..

Figure 3.26. Measuring the crosstalk attenuation between a
physical circuit and a phantom circuit at the
near end of a line.

Key: 1. Line being measured; 2., Circuit subject to interference;
= Choke; MZ = M3 = Attenuator decade; IUU = Electronic
level meter.

Rus

1. The comparison method: Ay (Ag) =a
M3
Ran

— In

2. The level difference method: Ao (As) = po— py (pa) — ; HE_'
Hl'.l

Ryp and Ryp are the load impedances equal to the characteristic impedances of
the circuits being measured.

The norms for:the crosstalk attenuation and the 1solat10n are given in the ap~-
pendices.

Used for measuring the crosstalk attenuation and isolation on lines are the
following instruments: the KIPZ-300, G-33 (LIG-60), IG-300, UUP-600 (300),
1UU-600, MZ-600, MZU-60, 12xN024, a differential audio frequency choke coil,
STr-300, STr-IPZ-300, etc.
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Figure 3.27. Measuring the isolation between phantom and
physical circuits at the far end of a line.

Key: 1. Line being measured; 2. Circuit subject to the inter-
ference; Dr = Choke coil; IUU = Electronic level meter;

Ry = Rypaq-

Line noises with a duration of 200 * 50 msec are measured at both ends of both
the physical and phantom circuits for wire communications. The magnitude of
the noise is normalized for the length of one amplified section, for multi-
plexed circuits, and between terminal points for ummultiplexed circuits within
the frequency spectrum of one channel.

Those noises which vary their amplitude level within a wide frequency range

by a magnitude of no more than * 2.7 dB (0.3 Nep) during a measurement period
of 0.5 - 1 minute are called smooth noises. Overshoots are characterized by a
sharp change in the noise level of 2.7 dB (0.3 Nep) and more within a narrow
frequency passband. Overshoots are broken down into regular (which repeat dur-
ing the greater part of the observation period) and random types. Selective
noise has a relatlvely constant level (roughly * 2.7 dB (0.3 Nep) in a frequen-
cy range of * 5 KHz) during a measurement period of 0.5 - 1 minute. As a rule,
s..‘ective noise exceeds the noise level in the surrounding frequency range by
more than 4.3 -~ 8,5 dB (0.5 - 1 Nep).

The magnitude of a noise voltage is measured as follows: for smooth noises,
in a frequency range of 0.1 - 3.4 KHz and 0.1 - 6.0 KHz using instruments of
the 12xN031, UNP-60 (UNP-2) types with a psophometric circuit; in a spectrum
of from 0.1 - 20 KHz, using the same instruments without psophometric circuits;
for selective, smooth and overshoot noise, in a frequency spectrum of 12 - 160
KHz, using the PCh-1 (IT-13) type microvoltmeter, and others.
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The circuit for the measurement of line noise of a physical circuit using a

12xN031 or UPN-60 (UPN-2) instrument is shown in Figure 3.28a. The line being
measured is loaded at both ends into resis-—
tances, Ry, the magnitudes of which are equal
to the magnitude of the absolute value of the

ali Point A 1. ' input impedance of the multiplex equipment

Nyim A M”ﬁﬁﬁfa”'”%m” Point B. (for example, 120 ohms for the KNK-6S). Line
l "

o 7 7 noises in the phantom circuit are measured
S GRHO pl Ry g using the same circuit configuration, but
[UNP_ ] T = . two cores are taken for one circuit core, i.e.

_ . - N : :
'b)® Bx ;}l?CTp.= CPupling;Xfmr' 22; EEZitgzl circuit is the wire for the phan
I .

o T,
*ni-13) N g 6! “_ " Prior to starting the measurements, it is

.. mnecessary to make a survey of the entire fre-
quency spectrum from 12 to 160 KHz by means
of a selective meter, for example, the PCh-1

Figure 3.28. Measuring line

noise. (IP-13), and establish the presence of selec-
Key: 1. Line being measured; tive noise or overshoots. The magnitude of
2, PCh-1 (IP-13) the noise voltage is read at the maximum de-

UNP = Noise voltage meter flection of the needle on the galvanometer
scale of the instrument, taking into account
the position of the switch lever for the "scale switch":
Un = Up peter A
where U, is the magnitude of the noise voltage acting within the frequency
spectrum being measured;
Up meter is the magnitude of the noise voltage read on the scale of
the instrument galvanometer;
A 1is the magnitude of the factor determined from the position of the
"scale switch" lever.

Line noise is measured within the selectivity passband of the instrument,
which is equal to 1.5 * 0.1 KHz in the line  spectrum of the channel, using
the PCh-1 (IP-13) instrument and others, based on the circuit configuration

of 3.28b., Since the input impedance of the instrument is 150 ohms, it is
simultaneously a load on the line. As a rule, line noise in the frequency
spectrum for high frequency multiplexing is measured at frequencies corres-
ponding to the conversion of the communications channel to frequencies of 800 -
- 1,000 Hz.

The magnitude of the noise voltage over the width of the line spectrum of one
channel is determined from the formula:
Un ¢ = Un meter’Afgu,
where U, . is the noise voltage in the frequency spectrum of one channel
having a width of 3.0, 4.0 or 7.33 KHz;

Un meter is the measured noise voltage in a part of the channel
frequency spectrum 1.5 KHz wide;
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Afgy, is the passband of the line spectrum of the channel frequency,
not taken in by the measurement, equal to 1.5, 2.5 or 5.83 KHz.

The magnitudes of the line noise voltage are referenced to units of power in-
to an impedance of 600 ohms for convenience in making comparisons with the
set norms.

The power of the noise measurements is computed from the formula:

= _Up_
P = 575
where U, is the magnitude of the voltage measured by the instrument into a
load other than 600 ohms;
0.775 is the magnitude of the voltage measured into an impedance of 600
ohms, taken as the zero level, or a power of 1 milliwatt.

If the magnitude of the noise is measured by a selective instrument, graduated
in nepers, then the magnitude of the noise over the spectral width of one chan-
nel is determined from the formula:
1
Pnc T Pn meter + 5ln Af
where ppc is the noise level in the frequency passband of one channel, for
example, 4.0 KHz wide, into a circuit load of 120 ohms;
Pn meter is the noise level measured by the instrument having a selec-
tivity passband of 1.5 KHz, into a circuit load of 120 ohms;
Af[KHz] is the difference in the frequency spectrum over the width of
one channel which is not taken in by the measurement.

If it is necessary to determine the magnitude of the noise level in a narrow
channel passband, for example, over 1.5 KHz, for a known noise level over the
width of the channel, for example 7.33 KHz, then the magnitude of the noise
level in the 1.5 KHz passband is determined from the formula:

1 7,33
. Pn],s[xrn] = Pnx — -'2— ln—l':'g

where pgj.5 [KHz] is the noise level in the 1.5 KHz wide passband;
Py k 1is the norm for the noise level in the 7.33 KHz wide passband;
1.5 KHz is width of the frequency spectrum in which the noise level
is determined.

If it is necessary to reference the noise level measured into an impedance
other than 600 ohms to a value for the power into a 600 ohm load, the calcu-
lation is performed using the following formula:

- 1. Ry
Pn = PL - 3lngy

where pp, is the noise voltage measured in the passband of the chanmel into
an impedance other than 600 ohms; R; is the load impedance of the circuit
which is different than 600 ohms.
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The magnitudes of the line noise should not exceed the norms given in the ap-
pendices.

The attenuation imbalance over the length of a physical circuit at the near
end of a line is measured by either the comparison method or the level dif-
ference method.

In the case of comparison method measurements (Figure 3.29a), the level of
the circuit subject to the interference is compared to the level at the out-
put of the attenuator decade. By varying the attenuation of the attenuator
decade, identical readings are obtained from indicator UU in positions 1-3
and 2-4 of switch II. The magnitude of the circuit imbalance attenuation A,

(for each measurement frequency) is equal to the quantity obtained on the
attenuator decade, ay3.

a) 0 . Point A 1MJMepymug :
cpop g TYHRMA > JuHUg MYHKME  Point B

: - NI
IUU@I@;'——j 7}' lj”'nnﬁﬂe;zmewng Iy [jl "Dr
’ Rl 4P B Gruanum | Ry
: e [u3 ’ !
[ ~] s 1
I{L l

Faugwas '3@@ kadeng_ L 2Ry
bYW o1 4 uem f —————— F
Uy a
1TUU I 10 I [:]RH'D a| [;“ 48Dr
o | ;
o T rqﬂDr ' Ry
N __ s
l ——————— ] 1/ Rlad

Figure 3.29. Measuring the lengthwise imbalance attenuation at
the near end of a physical circuit.

Key: 1. Line being measured; 2. Circuit subject to the interference;
3. Cable shield; 4. Influencing circuit; Dr = Choke coil;
IUU = Level meter; II = Switch; M3 = Variable attenuator decade.

The measurement circuit for-the level difference method is shown in Figure
3.28b. In this case, the level pj] at the input of the driving (phantom) cir-
cuit, and the level ps is the circuit being driven are measured. The amount
of imbalance for each measurement frequency is determined from the formula:

1 Rys

Aa=P1"‘P2"—"2‘1ﬂ Ry '
H

where Ryp and Rpgy are the load impedances equal to the characteristic imped-
ances of the circuits being measured.

The imbalance is measured using the following instruments: the KIPZ-300,

L1G-60, G-33, ZG-36, 1G-300, UU-110, IUU-600, 12xN036, STr-300, STr-IPZ-300,
differential audio frequency and high frequency chokes, etc.
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The norms for the imbalance attenuation over
the circuit length are given in the appendices.

a) ) The firing (flashover) voltage of gas filled,

B ;59 carbon, and other dischargers, used as a means

‘ ﬂyﬂmal of protecting line and exchange installations,

4 @N is measured using the IR-3 or IR-2 instruments
6WB1MM

502, (Figure 3.30a,b).

The IR-3 instrument makes it possible to con-
vert the low DC voltage to a high voltage, as
well as smoothly adjust and monitor it on a

voltmeter within limits of 250 - 1,100 volts.

The proper operation of the discharger is de-
termined in the following fashion. A standard
voltage is fed to its electrodes from a current

Figure 3.30. Measuring the
firing voltage of dischargers.

Key: 1. UR-500; 2. RV-500; source. The moment of ignition is established
3. 600 volts; by the monitor voltmeter visually as a sharp
4, Magneto; decrease in the magnitude of the voltage set
5. Autotransformer. initially. Following a sharp decrease in the

voltage down to the lower limit, it is auto-
matically increased up to the firing level, and the process indicated here is
repeated. The presence of sharp fluctuations in the voltage permits the con-
clusion that the discharger is in good order.

The IR-2 instrument makes it possible to obtain a voltage of from 220 to 560
volts. The voltages fed from the generator to the autotransformer, ATr, de-
pending on the position of switch P, have the values given in Table 3.70.

TABLE 3.70. The Voltage at the Electrodes of a Discharger

Tlonoxenue nepeksmo- 1 2
garens 17

2 HanmeeHne 1138 3JIeK -

o TpOpax pasppmuka, B 220 280 340 390 450 500 560

Key: 1. Position of the switch P; 2. Voltage at the discharger electrodes,
volts.

A manually cranked generator serves at the alternating current source for the
instrument.

The monitor indicator for the checking the insulation resistance of the ins-
trument hook-up, the proper operation of the current generator and the dis-
charger under test is an MN-3 neon lamp. The firing (flashover) of the dis-
charger at a reduced or normal voltage of the current source is established
visually from the lighting of the monitor lamp. The absence of lighting of
the neon lamp at a specified or increased voltage at the discharge electrode
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TABLE 3,71. Firing (Flashover) indicates it is not working properly. The
Voltages of Dischargers firing voltages of various types of dischar-
gers are given in Table 3.71.

Type of Firing (Flashover)
Discharger Voltage, volts.

The measurement of grounding resistance us-
R-350 350 £ 40 ing the ISZ-2 instrument is shown in Figure
UR=500 500 + 100 3.31b. T@e voltage source in the ISZ-2 in-

strument is an alternating current generator
RV-500 500 = 100 at a frequency of 1,000 Hz. The magnitude

of the measured resistance of the ground is
read on the scale of the galvanometer in a manner similar to that for the
MS-08 (07) instrument.

) i ey 08K, X X .
o a) 1€mﬁﬂ£mw Figure 3.31. Measuring the resistance of grounds.

NlepeRnyamesns
hpedenol

Key: 1. Measurement adjustment;
2 wmepenus

2. Measurement scale switch;
3, Rheostat;

s 4. Rprobe;

5. Rsupplys

6. The ISZ-2;

7. BR_ .
aux

lz?l[m‘

The voltage source in the MS-08 (07) instrument is a manually cranked AC gen-
erator. The magnitude of the measured grounding resistance is read from the
instrument galvanometer, the scale of which is graduated in ohms, taking the
position of the scale switch into account.

The measured grounding resistances should correspond to the quantities given
in GOST [State Standard] 464-68.

The resistances of grounding devices are measured using MS-08 (07) (Figure
3.31a) and ISZ-2 (Figure 3.31b) instruments. For the measurement of any ground,
two auxiliary grounds are rigged, Rprobe and Rsupply, in the form of steel rods
0.7 - 0.8 m long with a diameter of 1 cm at a distance of 20 - 30 m from the
ground being measured, Ry. All external connections between the measurement
instrument and the grounds are made with insulated wire.

Processing the Measurement Results of the Electrical Characteristics of Lines
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The electrical condition of open wire and cable line communications circuits
are evaluated based on the measurement results of their characteristics, re-
ferenced to a temperature of +20° C., At an ambient temperature, t°, when
making AC and DC measurements on lines, the following are employed:

—— For open wire lines, the temperature of the air, humidity, nature of pre-
cipitation (ice, crust, rime ice);

—— For cable lines run in the ground, the ground temperature at the depth
of cable laying;

~~ For cable lines run in conduit, the air temperature in the draw~in box
at a level of 0.5 m from its bottom;

—— For cables run through the outer walls of buildings, as well as for those
strung on pillar or post lines, the ambient air temperature.

The measured resistance of a uniform circuit is referenced to a temperature
of +20° C using the formula:

where R¢° is the measured magnitude of the circuit resistance at a temperature
other than +20° C; ky is a factor which depends on the temperature difference
determined from the formula, 1 + ag(t® - 20°); ap is the temperature coefficient
of the metal of the conductors (cores) of the circuit, equal to 0.004 for cop-
per and aluminum, and 0.00455 for steel.

The values of the coefficient for copper and aluminum cores are given in Table
3.72, and for steel conductors, in Table 3.73.

TABLE 3.72. Values of the Coefficient ky for Computing the DC Resistance of
Copper and Aluminum Conductors (Cores)

t° Ks t° Ky t° K 2 Ky
40 1,080 19 0,996 6 | 0,944 —7 | 0,892
35 1,060 18 | 0,902 3 0.940 {| —8 | 0,888
30 1,040 17 0,988 4 0,936 | —9 | 0,884
29 1,036 16 | 0,984 3 { 0,032 || —10] 0,880
28 1,032 16 0,980 2 | 0,928 || —11] o,876
27 1,028 14 0,976 1 0,924 || —t2| 0,872
26 1,024 13 0,972 0 0.920 || —15| 0,860
o 1,020 12 0,968 —~1 | 0,916 || —20] 0,840
24 1,016 1 0,964 —2 0,012 || —25| 0,820
93 1,012 || 10 0,960 || —3 0,908 || —30 | 0,800
22 1,080 || o | 0,086 || —4 | 0,904 —35| 0,780
21 1,040 8 | o,952 || —8 0,900 || —s0| 0,760
‘20 .| 1,000 7 0,948 —6 0,896 :
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TABLE 3.73. Values of the Coefficient kp for Computing the DC Resistance of
Steel Conductors

t° Ky t° Ky te C Ky fod Ky
50 1,137 16 | 0,982 -2 0,900 —20| 0,818
45 1,114 15 | 0,977 —3 0,895 —21| o.813
40 1,091 14 | 0,973 4 0,891 _sa | 0,809
35 1,068 13 | 0,968 -5 0,886 .
30 1,046 12 | 0,964 || —6 | o0.ssz | 23| 0.80¢
29 1,041 11 0,959 -7 0,877 —24 | 0,798
28 1,036 10 | 0,955 —8 0,873 —25 | 0,795
27 1,032 9 0,950 —9 0,868 —26 0,791
26 1,027 8 | 0,945 —10 | 0,864 —s7 | 0,708
25 1,023 7 | 0,941 —11 | 0,859
24 1,018 6| 0,96 || —i2| o,854 || —28| 0,782
23 | 1,014 5 | 0,932 —13 | 0,850 —29 | 0,778
22 1,009 4 | 0,927 —14 | 0,845 —30| 0,773
21 1,005 3 | 0,923 || —15| 0,841 —35 | 0,750
20 | 1,000 2 | 0,918 —16 | 0,836 —40 | o797
19 0,996 1 0,914 —17 | 0,832 :
18 0,991 o | o900 || —18| o,827 || gt%| ©0-7%
17 0,986 -1 0,904 —19 ] 0,823 ~—b60.} 0,681

The circuit resistance per 1 Km of length is determined from the formula

Ryp°c
Ro - IA

where R2(° is the measured magnitude of the circuit resistance referenced to
a temperature of +20° C; 7 is the length of the circuit known from the data
sheet for the line or the scheduled measurements.

If the circuit is electrically nonuniform, then prior to processing the meas-
urement results, it is necessary to reduce the entire circuit to one value

of a circuit length with respect to resistance or diameter (for example, with
respect to the resistance (diameter) of the first section from the point of
measurement).

Two cases are encountered:

1. The circuit (conductor, core) is electrically nonuniform as regards material.
Computing the referenced length of the circuit is carried out using the for-

mula: , 2 z
I =ll+12'—l+ .. -+ln"i’.
4 4

where L' is the referenced length of the circuit;
71 is the length of the first section of the circuit, to which the length
of all remaining sections (inserts) are referenced;
lgs o.« 5 ly are the lengths of the remaining circuit sections;
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z1 is the resistance of 1 Km of conductor of the first circuit section;

Z2s .+ 5 Zp 1s the resistance of 1 Km of conductor of the circuit sections
being normalized.

2. The circuit is electrically nonuniform with respect to the diameter, but
uniform as regards the material. The calculation of the normalized circuit
length is performed using either the preceding formula:

Us=ly4logy+ . o o bk,

ky is the factor determined from the formula:

d, \2
5= (o)
et ( 3

dy is the conductor diameter of the first circuit section
d2, «.. , dy is the conductor diameter of the normalized circuit sectiomns.

The resistance of the normalized circuit per 1 Km of length is determined from

the formula: R
_020°

o — ll N

The resistance of the polyethylene insulation of cable cores between each other

over a length of 1 Km and for each core with respect to the other cores, con-

nected the shield and ground, is computed from the formula:

. R
ins meas.

where Bpegs, 1s the measured resistance of the core insulation at any tempera-
ture of the ambient medium; 7 is the length of the circuit, known from the
line data sheet.

The resistance of the polyvinylchloride insulation of single pair cables is
found from the formula:

Rins 20° R'meas.Zk3
where k3 is the coefficient for calculating the resistance of the polyvinyl-
chloride jacketing (insulation) given in Table 3,74.

TABLE 3.74. Values of the Coefficient k3 for Calculating the Resistance of
the polyvinylchloride Insulation of Single Pair Cables.

X3 0,1 0,2 T 0,5 1,0 2,2 4,6
. »

The resistance or paper, air - paper and cotton insulation for cable cores is
computed from the formula:

Rins 20° Rmeas.k4
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where k4 is the coefficient for calculating the resistance of the cable core
insulation. The values of the coefficient are given in Table 3.75.

TABLE 3.75. Values of the Coefficient k, for Calculating the Insulation
Resistance of the Cores of Multipair Type T Cables.

l.K‘ ]lllﬂ H30NAUNT 1'K‘ A H3IONAUUK

4 & ¥ Elc) 5% =% % 3 %
252 1387 lfd 2% 3] |at

B3<) O E a0 ®O O = S\Q

45250 46,0 | 28,85| 10,45 59 0,17 | 0,37 | 0,51
41245 28,0 | 15,90 6,12 04 0,10 { 0,24 | 0,35
3640 16,0 8,20 4,04 —1+—5 0,074} 0,17 | 0,25
31-:35 8,40 5,200 2,79] —6+—10 | 0,057] 0,13 | 0,17
95=30° | :4,50] 3,12] 1,94 ‘—11+—15 | 0,047 0,094] 0,10
21425 2,28 1,68 1,37 ~16+—20 | 0,041| 0.074] 0,068
20 1,000 1,90 1,000t —214—25 | 0,037] 0,056 0,050
15219 0,80 0,91 m941 —26+—30 | 0,031f 0,042 0,036
10-=14 0,38/ 0,67 o0,72)! —31+—a5 | 0,027 0)032] 0,024
‘Bef&z’?—as 0,023] 0,025| 0,018

Key: 1. k4, for insulation of: 2. Cotton; 3. Paper mass; 4. Air-paper.

The resistance of paper cording insulation for cable cores is computed from
the formula:

Rins 20° Rmeas. t° Zk5

where k5 is the coefficient for calculating the insulation resistance of the
cable cores., The values of the coefficient are given in Table 3,76.

The resistance of the insulation of the conductors of open air communications
lines is determined from the formula:

= R [A

ins meas. t°

The data obtained are compared with the norms given in the appendices.

The results of measuring the internal attenuation of a cable line circuit
are referenced to a temperature of +20° C using the formula:

a‘o .

200 = T a (° — 20°)

9

where . o is the attenuation of the circuit measured at a temperature other
than +20° C;
@, is the temperature coefficient of the attenuation of the measured
circuit, given in the appendix.

The attenuation factor for the circuit per 1 Km of length is determined from

the formula: = aypll,
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where %y is the measured magnitude of the circuit attenuation referenced to
a temperature of +20° C.

TABLE 3.76., Values of the Coefficient k5 for Computing the Resistance of.
the Core Insulation for Type TZ Cable with Paper-Cording Insulation

t° Ky t° K r Ky t° Kg

35 10,000 15 0,769 — 1 0,443 —17 | 0,311
30 2,500 14 |o,735] — 2 0,431] —18 0,306
29 2,174 13 0,704f — 3 0,420 —19 0,299
28 1,923 12 0,676] — 4 0,410f —20 0,294
27 1,572 11 0,649 — 5 0, 4001 —21 0,289
26 1,563 10 0,625 — 6 0,391 —22 0,284
25 1,429 9" 0,603 — 7 0,382 —23 0,279
24 1,316 8 0,581 — 8 0,373 —24 0,275
23 1,220 7 0,562 — 9 0,365f —25 0,270
22 1,136 6 0,544 —10 0,357) —26 0,266
21 1,064 5 0,526 —11 0,350 .27 0,262
20 1,000 4 0,510] —i2 0,343 —28 0,258
19 0,943 3 0,495 —13 0,336] —29 0,254
18 0,894 2 0,481 —14 | 0.3200 —30 0,250
17 0,847 1 0,467 —15 0,323 —3s 0,233
16 0,807 0 0,466 —16 0,317

The attenuation factor for an open wire circuit per 1 Km of length is deter-
mined from the formula:

a‘o
“aw} <L

Determining the Distance to the Location of a Circuit Insulation Fault

The following faults are the ones most frequently encountered in operating
open wire and cable lines:

—~ A reduction in the insulation resistance between the conductors (cores) of
one circuit, a "short";

-— A reduction in the insulation resistance of a conductor (core) with respect
to ground (the shield), a "'ground";

—~ A reduction in the insulation resistance between the conductors (cores) of
different circuits, a "cross connection';

—~ A difference in the resistance of the conductors (cores) of a circuit,
an "imbalance";

—- A break in one or both conductors (cores), or a break in several conductors
(cores) of a line;
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~~ Open conductors (cores) between different circuits on a line.

The location of an insulation fault is determined using a DC bridge with con-
stant ratio arms when one conductor is good and if the diameter and material
of the damaged conductor is known, and the lengths of the faulty and good con-
ductors (of any diameter and material) are also known; if the insulation re-
sistance of the good conductor is 100 times greater than the insulation resis-
tance of the faulty one, and the magnitude of the contact resistance, Ry, at
the point of the fault is no more than 40 MOhms.

. P . i .
1. fyukmA  2.Usmepaemas [ynKm O:/ifﬁli(:mﬂA ﬂauengﬁuaupﬁy]ﬁﬁ} B

Figure 3.32. Determining the Figure 3.33. Determining the location
location of an insulation of an insulation fault in the conduc-
fault in the conductors (cores) tors (cores) of a circuit, a "short"
of a circuit using a bridge or "cross connection", using a bridge
with constant ratio arms. with constant ratio arms.
Key: 1. Point Aj; Key: 2. Line being measured;

2, Line being measured; ' = Galvanometer;

Switch;

R.p = Contact resistance, I
3 z = Ground.

Il

The location of an insulation fault in a conductor of the "ground" type is
determined using the circuit configuration of Figure 3.32, while for a '"short"
or "cross connection" type, using the circuit configuration of 3.33. 1In both
cases, when switch II is in position 1, the resistance of the circuit Ry is
measured, while measured in position 2 is the difference in the resistances
(imbalance) of the conductors of the circuit R{!. The voltage of the measure-
ment battery is set from 4.5 to 10 volts for the first measurement and in the
second, depending on the magnitude of the contact resistance at the fault
point, from 4.5 to 500 volts.

The distance from the measurement point to the point of the fault, 1, is
determined from the formula: ' "
Ro - Ro
1 = ==
X 2r

where r is the resistance of 1 Km of the faulty conductor, known from the
line data sheet or the scheduled measurement documents, referenced
to the temperature of the ambient medium.

If the bridge cannot be balanced during the second measurement, then it is
necessary to interchange the lines (cores) of the circuit being measured at
the terminals Lj and L, of the instrument, and repeat the measurement.
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In this case, it is necessary to correspondingly change the sign from minus
to plus in the formula for the calculation.

A bridge with variable ratio arms is used when one good conductor is available,
where the length, material and diameter of the good and faulty conductors are
known; the insulation resistance of the good conductor is 100 times greater
than the resistance of the insulation of the faulty one; the contact resistance
at the fault location is no greater than 40 MOhms. The measurement circuit

for the determination of the-location of a "ground" type fault in the circuit
insulation is shown in Figure 3.34, while for a "short" or "cross connection"
type, in Figure 3.35. One measurement is made in each case. The value of Rj
is obtained when the bridge is balanced.

The distance from the measurement point to the fault location is determined
from the following formulas:

lO ' 2'
. Point A 1. 2,
Point A MyikmA  HWELRCHUD RURKM = "Zpuikms  Hawipsewas Nyikh
, , 5

1

Figure 3.34. Determining Figure 3.35., Determining the location

the location of an insula-~ of an insulation fault in the conduc-
tion fault in the conduc-— tors (cores) of a circuit, a "short"
tors (pairs) of a circuit, or “cross connection", using a bridge
a "ground" by means of a with variable ratio arms:
bridge with variable ratio Key: 1. Line being measured;
arms: 2. Point B;
Key: 1. Line being measured; = Ry = Contact resistance;
2. Point B; II' = Switch;
L = Line 1 terminalj G = Galvanometer.

Ry = Contact resistance.

~— For the case of identical lengths, materials and diameters of the good and
faulty conductors of the circuit:

lX = lk
where 1 is the length of the faulty conductor;
k i ffici 1 2Ro
is a coetficient equal to 990 + R .

—-— For different lengths of the circuit conductors (the faulty conductor
being shorter), but identical diameters and materials:
11 + 12

= S R
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where 1; and 1) are the lengths of the good and the faulty conductors;

-~ For different lengths and diameters of the conductors of the measured cir-
cuit (the faulty conductor is shorter and has a greater diameter):

L4t
9

Where 1! is the normalized length of the good conductor, which is determined
from the formula:

oy =

v d2 3
l =l(—~) =t’€‘,
N VY

d
kj is a factor equal to (a%)z;

dq and d, are the diameters of the good and faulty conductors of the circuit
respectively.

The location of a "short" type fault or "cross connection" type, in the absence
of good conductors, is determined using a bridge with constant ratio arms in
the case where the diameter and material of the conductors are known, but the
length of the circuit is unknown; where the magnitude of the contact resistance
at the fault point does not exceed 1,000 ohms; and the insulation resistance of
the faulty conductors of the circuit with respect to ground (of a core with re-
spect to the cable shield) exceeds the contact resistance at the point of the
fault by 50 times.

During the first measurement (Figure 3.36a), the circuit conductors at point B
are isolated. The switch II is thrown to position 1. The measurement result is
D L. gakma 2 Hawepsewas g 3. the value of the resistance Ré. During the

. N s ‘ second measurement (Figure 3.36b), one of the
a circuit conductors is grounded at point B, while
b the other is insulated. Switch II is thrown to
‘ position 2, and a ground is connected to terminal
3. The conductors being measured are connected
to the terminals of the instrument so that the
conductor grounded at point B is connected to
terminal Ly of the instrument. When the bridge
is balanced, the magnitude of the resistance R
is obtained. The voltage of the instrument bat-
tery should be no greater than 10 volts during
the measurements.

‘‘‘‘ The distance from the measurement point to
fault point is determined from the formula:
Figure 3.36. Determining the RL - R"
. R . 0 0
location of a fault in the in- 1y = ™
sulation between conductors

(cores), a "short" or 'cross- The location of a "short" or "cross connection"

connection", using a bridge type insulation fault in the conductors can also
with constant ratio arms. be determined using the method of no circuit load
Key: 1. Point A; 2. Line (isolation) with two-way measurements using a

being measured; 3. Point B. bridge with constant ratio arms according to the
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circuit configuration of 3.37, where the resistance of the circuit and its
length are known, the contact resistance at the fault point is no greater
than 0.1 MOhms, the circuit conductors are uniform and the insulation resis-
tance of each conductor with respect to ground (core to cable shield) exceeds
the contact resistance at the insulation fault point by no less than 50 times.

Figure 3.37. Determining the location
of a circuit insulation fault between
the conductors (cores) and ground,
using the no load method with a bridge
having constant ratio arms.

Key: 1. Line being measured.

The first measurement is made from point A. The circuit conductors are insu-
lated at point B. When the bridge is balanced, the value of the resistance .
Ry is obtained. The second measurement is made from point B with the circuit
conductors insulated at point A. The value of the resistance R} is obtained.

The voltage of the measurement battery should be no more than 100 volts during
the measurements,

The distance from the measurement point (A or B) to the point of the fault is
determined from the following formulas respectively:

Ry -+ Ry— Ry
x= T; .
1= Ry+Ry— Ry
v 2Ry )

The location of a "short" or "cross connection" type insulation fault is de-
termined by means of a short circuit method for the circuit at the far end

of the line with two-way measurements using a bridge with constant ratio arms
in accordance with Figure 3.38, given the conditions that the length of the
circuit being measured is known, the circuit conductors are uniform; the re-
sistance Ryy is 3 to 10 times greater than the resistance Rp2s and the magni-
tude of the contact resistance at the location of the insulation fault is no
more than 40 MOhms.

The first measurement is made from point A with the conductors connected to~
gether at point B, and the value of the resistance RY is obtained, while the
second measurement is made from point B with the circuit conductors connected
together at point A, and the value of the resistance Ry is obtained.
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The distance to the location of the fault is determined from the following
formulas respectively:

Point Apyusm g Letomepsemad  NywkmE Point B.
JUHUF: ‘ .

o F
. 100+5008
B. 100-500 volth Yy

$ ﬁ 0 :
- ' P = switch/ i|H .
S L 7 oessops 100 = 500 v

Figure 3.38. Determining the location of an insulation fault in

the conductors (cores) of a circuit using a bridge
with constant ratio arms.

Key: 1. Line being measured.

The location of a "short" or "cross comnection" type insulation fault in the
conductors of a circuit is determined using the short circuit and no load

methods at the far end of the line, with one-way measurements using a bridge
with variable ratio arms in accordance with the circuit of Figure 3.39, given

1. hyskm A 2. Hamepsesad, ysim

3. Figure 3.39., Determining the location of an

| gy insulation fault between conduc-

7] tors (cores) and ground, using a
Rp bridge with variable ratio arms.
Rgﬁ Key: 1. Point Aj
1 2. Line being measured;
1005008 ‘ - 3. Point B.
B. 100-500 volts L KZ = Short circuit;

2XX = [Position] 2, no load.

the conditions that the damaged conductors of the circuit have identical char-
acteristics (length, diameter and material); the length of the circuit being
measured is known; the resistance Ry is 20 times greater than the resistance
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Rg2; and the magnitude of the contact resistamce at the fault point is no more
than 40 MOhms,

During the first measurement, the conductors of the circuit at point B are
connected together, and, having balanced the bridge, the value of the resis-
tance R} is obtained, and during the second measurement, the circuit conduc-
tors are insulated at point B, and the value of Rg is obtained.

The distance to the location of the insulation fault in the circuit is deter-
mined from the formula:
K —K
b=l
where k' is the coefficient obtained as a result of the circuit measurement
when short circuited (R}) at point B;

k' - _._236_ .
990 + R, ° SR
k" is the same, with the circuit open (Ry) at point B; k" = —Eajlgiw;
9 )

1 is the length of the circuit known from the data sheet for the line.

The locations of insulation faults of the "short to ground" or "cross connection
to ground'" types in circuit conductors are determined using the short circuit
method at the far end of the line with two-way measurement using a bridge with
variable ratio arms based on the circuit configuration of Figure 3.40, in those
cases where the length of the circuit being measured is known; where the faulty
circuit conductors have identical characteristics (diameter, material, length);
the magnitude of the contact resistance at the fault point is no greater than
40 MOhms; and the insulation resistance of each conductor with respect to ground
(the cores with respect to the cable shield) differ from each other by no less
than 307,

Point A. 1. Point B
Rgukm A HaMEpIEMOS  OykKmE

Figure 3.40. Determining the location of an
insulation fault with respect to
ground for the conductors (cores)
of a circuit using a bridge with
variable ratio arms.

Key: 1. Line being measured,

=

L
100+5008 ] 5

P = Switch+ g ﬁ
g1 mwo=s00¢

In the first measurement (from point A), the wires of the circuit are connected
together at point B, and having balanced the bridge, the value of the resis-
tance R} is obtained; in the second measurement (from point B), the wires are
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shorted at point A and the magnitude of the resistance Rg is obtained. The
voltage of the bridge battery for both measurements should be from 100 to 500
volts.

The distance from the measurement point (A or B) to the location of the fault
is determined from the following formulas respectively:

PR T
b=l T a—r)
1—x'

W=l T T

where k' is the coefficient obtained from the results of measuring the circuit
from point A; k" is the same, taken from point B.

Determining the Distance to the Point of a Break in the Conductors (Cores)
of a Circuit

The distance to the point of a break in the conductors of cable lines is de-
termined by two methods, the ballistic and the bridge methods, using a fre~
quency of 3 to 4 Hz, pulsed or induced currents, while on open wire lines,
using only the bridge method with a frequency of 800 Hz for the pulsating or
pulsed currents.

The ballistic method (Figure 3.41) is employed if there is a good core with
the same characteristics (length, diameter, capacitance) as the damaged one,
if the insulation resistance of the damaged core with respect to the cable
shield is no less than 10 MOhms, and if the length of the damaged core is
known. Prior to making the measurement, the cores of the circuit are insu-
lated at point B. During the first measurement, the capacitance of the good
core, Cap is determined, and during the second, the capacitance of the damaged
core, C,, is determined with respect to the cable shield. To obtain more pre-
cise results, the lines at the ends are connected to the shield along with the
positioned cable cores.

The distance from the measurement point to the point of the break in the cir-
cuit core is determined from the formulas:

-- With a one-way measurement from point A:

c
1, o= 12

x Cap ’

—— With a two-way measurement from points A and B respectively:
Iy = ,____l_______ H
Co Cap—Cs
T+ Cp Cap—Cy
’ -
Q—L Cap—Cq
T+ Cs Cop—Cq
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where Cp is the capacitance of the faulty circuit core measured from point B;
l is the circuit length known from the line data sheet.

3 HaMepsemas AUk 1 ywkm A _Hamepsemas Nywkm

L enyukma 4. |<-—.__.__.| 6 gynxm b - 7,l ”Tm  ©6.
of Cab 7 ! rn b 14
Ny usm n 12. , ! |

I

1

-t

..._._

h

z,muw.\\mb——————74//wuma ¥
_ ”_j:_?uaMchg/l e lJum_f iy fo ﬁ”-’ I L:__[_:Uab ,b
i HMA A i dnaemm—
Figure 3.41. Determining the Figure 3.42. Determining the point
point of a break in circuit con~ of a break in a circuit conductor
ductors using the ballistic (core) using an AC bridge with vari-
method. able ratio arms.
Key: 1. Point Aj Key: 1. Point Aj
2, Measurement instrument; 6. Point B;
3. Line being measured; 7. Line being measured

4. First measurement;
5. Second measurement;
6. Point B;

8. Third measurement.

A bridge with variable ratio arms (Figure 3.42) is used for determining the
location of a break in the core of a circuit no more than 3 Km long, or in

the conductor of an open wire circuit, using 800 Hz alternating current. The
conditions for the application of this method are the same as for the ballis-
tic method. Maximum precision using this measurement method is assured by
inserting an additional variable resistor r (no greater than 200 ohms) in
series with the faulty core; by making two-way measurements; and by connecting
all cores running along with the faulty one to the shield of the cable at both
ends of the line.

1. 0ywkm A zﬂmmpnwaq fiyHKm The measurement procedure consists in
AL UL setting the values of Ry, and r for
U minimum sound in the telephone or

reading on the level meter, inserted
in the bridge circuit in place of the
galvanometer.

”—|||
—_to=3008 B = 100 - 300 v. The distance from the measurement

point to the location of the fault
Figure 3.43. Determining the location is determined from the formula:
of a conductor (core) break in a cir-

cuit using a bridge with variable ra- Ix = 1k
tio arms and pulsating current. When the cable length is greater
Key: 1. Point A; 2. Line'being than 3 Km, the point of the break is

measured; 3. Point B.
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determined using a bridge with variable ratio arms by means of a pulsating
current (Figure 3.43). The conditions for the measurements are analogous to
the conditions for the first two methods. During the measurement process,
the battery is switched in and out by throwing switch I from the first posi-
tion to the second and monitoring the galvanometer readings. The bridge is
balanced by resistors Ry and r (up to 1,000 ohms). When a balance of the
bridge is achieved, the value of the resistance R, is obtained.

The distance to the fault point is determined from the preceding formula.

Determining the Distance to the Point of a Difference in the Resistances
(Imbalance) of Circuit Conductors.

The location of a difference in the resistances of circuit conductors is de-
termined by two methods: short circuiting the circuit to ground or using a
bridge with constant ratio arms and a pulsating current generator; short cir-
cuiting and opening the circuit using a bridge with constant ratio arms and
an AC generator at 800 Hz.

1 yikmA 2 mMe/u/emay 3 Jynkm &
MRUY

= Figure 3.44. Determining the difference
in the resistances (imbalance) of the
conductors (cores) of a circuit using a
pulsating current bridge with constant
ratio arms.

Key: 1. Point A; 2. Line being measured;
3. Point B; 4. Second measurement;
5. First measurement.

The bridge method using a pulsating current generator (Figure 3.44) is em-
ployed if the length of the cable line is no less than 3 Km, if the circuit
length is known, if the insulation resistance of the circuit conductors with
respect to ground (cores with respect to the cable shield) is no less than

2 MOhms/Km, and if the circuit conductors are uniform.

The voltage of the battery should be 4.5 ~ 10 volts for the first measurement,
and 100 - 300 volts for the second.

The distance from the measurement point to the point of the fault is determined

from the formula: =~ . R
]

lx=‘l( '_)r

Ry
where 7 is the circuit length known from the line data sheet.

The location of an imbalance in the circuit conductors is determined using a
bridge with constant ratio arms and an 800 Hz generator (Figure 3.45a). This
measurement is made when the length of the faulty cable line is no more than

3 Km; there is a current generator and a high impedance telephone or selective
level meter available. The other conditions are analgous to the conditions
when measuring with a pulsating current generator.
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Figure 3.45. Determining the difference

a) 1. 2. in the resistances (imbalance) of the con-
a)  Nywkm A HaMegsemasg  yuim ductors (cores) of a circuit using an AC
< ARG - i bridge with constant ratio arms.
”’\——}:J—hzuau 4,
T, " & T Rey: 1. Point A
z“ —*»thMMS. 2. Line being measured;

3. Point B;

4. Second measurement;

5, First measurement;

6. Second measurement, open circuit;
7. First measurement, short circuit;
8. Good circuit.

Two measurements are made: The first when the conductors are shorted together
at point B, and the second, when they are insulated. When the bridge is balan-
ced, the values of the resistances R} and Ry are obtained. The distance from

the measurement point to the point of the fault is determined from the formula:

In the presence of stray currents, another gaod circuit is used in placed of
the grounds (Figure 3.45b).

Determining the Location of a Fault in Circuit Conductors by the Pulse Method

The pulse method of determining the location of a fault is based on the phe-
nomenon of the reflection of short current pulses at the points of the in-
homogeneities. The polarity of the reflected pulse indicates the character
of the change in the characteristic impedance at the point of the circuit
fault. A positive reflected pulse indicates an increase in the characteris-
tic impedance (a break, an imbalance), while a negative one indicates a de-
crease (a short, ground).

The measurements are made from one end of the circuit using a R1-5A (IKL-5)
instrument, and others.

The measurement circuit configuration and the pulse characteristic of a cir-
cuit having two conductor discontinuities are shown in Figure 3.46.

The distance from the measurement point to the circuit fault point is deter-
mined from the formula: 7

Ly = L= »
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Figure 3.46. The pulse characteristics and
measurement of a uniform circuit loaded into
different impedances.
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where 1' is the number of divisions read on the screen of the instrument from
the beginning of the probe pulse to the beginning of the reflected pulse at
the end of the circuit (no load on the circuit); Z" is the number of divisions
read on the screen from the beginning of the probe pulse to the beginning of
the first, second, etc., reflected pulses; 7 is the circuit length known from
the line data sheet.

If there are several types of faults on the circuit, they are eliminated se-~
quentially.

Finding Cable Routes and Fault Points

The route of a cable and the location of a fault in the cores or shield of

a cable are determined using type KI-3 or IPL-4 cable detectors. The induc-
tive method is the basis for operation of the KI-3 instrument, while for the
IPL-4, inductive and contact methods are used. The location of a cable fault
is determined at any time of the year, for any condition of the ground, and
without a precise knowledge of the cable route using the inductive method.
The contact method can be used where there is soft and moist soil, and when
the cable route is precisely established.

A '"ground", "short" or "cross connection'" type fault, where the magnitude
of the contact resistance at the insulation fault point is no greater than
20 KOhms, is detected using the inductive method, and when the magnitude
is 15 - 200 KOhms, using the contact method. In this case, it is necessary
to keep in mind that the route of the cable is defined where good cores are
present, while a fault of any type can be determined where they are absent.

If there is a "break" and "ground" in the cable circuit, then it is neces-
sary at the outset to restore the core insulation, and then eliminate the
n "
break”.
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The route of a cable in an underground conduit or in the ground is detected

by the inductive method (Figure 3.47).

1,020 Hz is fed into the cable cores.
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Figure 3.47. Locating a cable route
by the inductive method.
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Figure 3.48. Locating the fault
points in cable line cores by the
inductive method.

Key: 1. Point Aj
2. Position of the search coil;
3. Point B;
4, Break;
5. Headphones;
6. Position of the search coil.

A signal at a frequency of 1,000 -

The operator moves along, holding the
search coil in front of him at a dis-
tance of 5 - 10 em from the ground,
listening for the sound of the gener-
ator in the headphones. At the moment it
is positioned over the cable, the

sound in the headphones will be a maxi~-
mum or minimum, depending on the posi-
tion of the coil with respect to the
ground., The cable route is determined
as a result of listening twice for a
maximum and minimum sound. )

The locations of "ground" or "break"
type faults in cable line cores

using the inductive method are detected
using the circuit configurations

shown in Figure 3.48a. When approaching
the fault point, the sound of the
generator decreasesssharply, while above
the fault point and behind it, it
disappears.

Searching for a "short" or "cross-
connection" type fault locatiom is
similar to the search for a "ground"
type fault (Figure 3.48b).

The locations of '"ground" type faults
using the contact method are determined
by two operators, using two instruments
(Figure 3.49a). The first operator
locates the cable route by the inductive
method. At a distance of 4-5 m from

the first operator, the second makes

a search for the fault location, shift-
ing the metal rods of the search
instrument (at a depth of 3-4 cm) in
the ground, positioning them at a
distance of 1-1.5 m from each other
over the cable, and listens to the
generator for equal loudness. The

generator sound increases sharply over the fault point, and behind the fault

point, the sound disappears.

The location of a "short" or "cross connection" type fault is determined by
the contact method using the circuit configuration of 3.49b. In this case,
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Figure 3.49. Locating the fault points in cable line cores
using the contact method.

Key: 1. Point A;
2, Position of the detector rods;
3. Operator 2;
4. Headphones;
5. Amplifier;
6. Position of the search coil;
7. Operator 1;
8. Point B:

one core of the fiulty circuit should be grounded at point B and insulated
at point A. The procedure for the search is similar to the search procedure
for a "ground" type fault.

The locations of "break" faults are detected using the circuit configuration
of 3.49c. The first operator locates the route of the cable and the second,
using metal rods pushed into the ground, where one is directly above the ca-
ble and the second at a distance of 1 - 1.5 m from it, listens for equal loud-
ness from the generator. In approaching the fault point, the generator sound
increases sharply and disappaears above the fault point and behind it.

3.5. MEASUREMENT INSTRUMENTS
The PKP-2M Instrument

The instrument is intended for making electrical measurements and determining
the locations of faults on wire communications lines. Using the instrument,
it is possible to measure:

The DC resistance of a circuit From 0.1 to 10,000 ohms * 0.3%
From 10,000 to 100,000 ohms + 0.5%
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Circuit imbalance Up to 1,000 ohms * 0.3%

Insulation resistance From 0.0 to 300 MOhms * 2.57%
From 300 to 50,000 MOhms = 10%
Capacitance - From 0.005 to 0.4 ufd = 3%

From 0.4 to 4 ufd = 2%

The distance to an insulation fault or core break point.

The instrument design permits the creation of a bridge circuit with fixed or
variable ratio arms, circuits for the determination of the location of a core
break using the ballistic method and the bridge method using pulsating current.

The portable instrument is housed in two boxes: placed in one are the bridge,
galvanometer, potentiometer, switches and terminals, and in the other, the 3,
4, 5 and 110 volt batteries. The boxes are interconnected with a five conduc-
tor cable with a connector plug.

The dimensions of the instrument are 385 x 167 x 287 mm, of the battery box,
308 x 153 x 148 mm.

The instrument weights 9.8 Kg, and the battery box without the power sources
weighs 1.7 Kg.

The KM-61S Instrument
The instrument is intended for making electrical measurements and determining

the locations of faults on wire communications lines. The instrument makes
it possible to measure:

The DC resistance of a circuit From 0.1 to 100,000 ohms + 0.2%
Circuit imbalance From 0.1 to 1,000 ohms = 0.2%
Insulation resistance using the From 0.01 MOhms to 10,000 MOhms
milliammeter (ohmmeter) + 5% ("10")

Circuit capacitance using the charge- From 0.01 to 5 pufd + 2.3% (of
discharge method the upper limit of the scale)

Distance to an insulation fault or core break point.

The instrument design makes it possible to create a bridge circuit with con-
stant with constant or variable ratio arms, circuits for determining the lo-
cations of insulation fault and core break points in a circuit.

The instrument is made portable in a metal box with a removable cover. When
being transported, the instrument is housed in a special packing box.

The instrument can be powered from the AC mains at 24 volts * 10%Z, 36 volts

* 10%, 220 volts * 10%, or from a DC battery with a voltage of 11.5 or 14 volts.
The power consumption when powered from the 24 volt, 36 volt and 220 volt AC
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mains is no more than 5 VA; when powered from dry batteries or storage batter-
ies, no more than 3 watts.

Included with the instrument is a power supply unit consisting of a rectifier,
voltage regulator and converter, which makes it possible to obtain DC at a
voltage of up to 500 volts, which is used in measurements of the distance to
an insulation fault or core break point in circuits. The dimensions of the
instrument are 397 x 329 x 292 mm. The weight is 5.0 Kg.

The MEG-9 Megger

The instrument is intended for measuring the core insulation of cable struc-
tural lengths, as well as of cable lines during the construction and opera-
tional period.

The instrument permits the measurement of the insulation resistance of cable
cores within limits of from 1 to 100,000 MOhms at a voltage of up to 150 volts.
The basic error of the instrument when meausring quantities up to 1.000 MOhms
is no more than 10%Z, and at 100,000 MOhms, * 15%. The portable instrument is
housed in a metal box with an opening cover and a carrying handle.

The instrument is powered from two ZS-U-30 type batteries. The current con-
sumption is no more than 100 mA.

The dimensions of the instrument (with the 1lid closed) are 310 x 210 x 175 mm.
The weight is around 6.6 Kg, including the power sources.

The IPI-1 Insulation Electrical Strength Tester

The instrument is intended for checking the electrical insulation strength of
cores over the structural lengths of a cable before laying it, and over the
length of an amplified section of an already layed cable. The IPI-1 tester
is a low power DC voltage source, running up to 3,500 volts, which can be
roughly set in steps of 350 = 50 volts, and precisely set within the limits
of each step at each 50 £ 8 volts. The precision in the setting of the out-
put voltage is + 2.5%. A block diagram of the instrument consists of three
units: the power supply, the converter and the switcher.

The tester provides for the measurement of the leakage in cable insulation
to 50 pA with an error of no more than * 107.

The power supply of the instrument is derived from the AC mains at 50 Hz and
220 volts £ 10%, and 24 volts * 10%, or from a DC source at a voltage of 12
volts + 10%. The power consumed from the AC mains is no more than 2 VA, and
from a DC source, no more than 3 watts.

The instrument operates at a temperature of from -30 to +50° C, and a humidity
of up to 98%.

The dimensions of the instrument are 325 x 190 x 265 mm. The weight is 9 Kg.

- 175 -



The IR-3 Discharger Tester

The instrument is intended for testing the firing voltage of gas filled, car-
bon and other types of dischargers, which are used as protection for wire com-
munications lines. The discharger meter converts the low DC voltage to a high
voltage in a range of from 250 to 1,100 volts with the capability of adjust~-
ment and monitoring using a voltmeter. The precision in the determination of
the flashover voltage of the dischargers at an ambient air temperature of + 20

+ 5° C is no less than * 5% of the corresponding full scale reading. The

test voltmeter of the instrument has two measurement scales: from 0 to 600 volts
and from 0 to 1,200 volts.

The instrument is poﬁered from one 4.1-MFU-0.7 battery. The current consumption
does not exceed 85 mA during operation with the 0 to 600 volt scale, and 170 mA
using the 0 to 1,200 volt scale.

The portable instrument is housed in a metal box with an opening cover. The
working position of the instrument is horizontal.

The dimensions are 200 x 100 x 120 mm. The weight is 1.9 Kg with the power
supply.

The KIPZ-300 Equipment Complex

The complex is intended for measuring the transmission and crosstalk parameters
of physical circuits in a frequency range of from 0.8 to 300 KHz, and for phan-
tom circuits, from 0.8 to 6 KHz.

Included in the KIPZ-300 complex are:

—— A LIG-IPZ-300 generator, with a working ffequency range from 0.3 to 300 KHz
and an output level of no less than 26.0 dB (3 Nep);

—- An IPZ-300 crosstalk attenuation meter, from O to 138.9 dB (0 - 16 Nep);

—-- An IN-IPZ-300 (selective) indicator with measurement scales from +26.0 to
104.2 dB (+3.0 ~ 13.0 Nep);

~— Two PL-IPZ line switches;

-~ Two boxes of detachable and spare parts.

Characteristics of the Complex:

o
i

Near end crosstalk attenuation and isolation
at the far ends of physical circuits, with- £
out using the PL-IPZ line switchers

128.9 (0 - 16 Nep) at
0.8 - 300 KHz

Near end crosstalk attenuation and far end 0
isolation between physical and phantom £
circuits using the PL-IPZ line switchers

78.2 4B (0 - 9 Nep) at
0.8 - 6.8 KHz
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Lengthwise imbalance attenuation at 0 - 69.5dB (0 - 8 Nep) at
the near and far ends of physical f =0.8-6.0KHz

and phantom circuits

The attenuation of physical circuits 0 - 138.9 dB (0 - 16 Nep) at
using the loop circuit and comparison £f =0.8 - 300 KHz.

methods

The measurement error is all cases 1.73 dB (+0.2 Nep).

does not exceed

The LIG-IPZ-300 generator and the IN-~-IPZ-300 indicator are powered from two
DC sources (the filament voltage is 6.3 volts * 10%; the plate voltage is
220 volts + 10%) or from an AC source of 127/220 volts +10%, -15% through
converters.

Each instrument of the complex is housed in a metal box with a removable
cover.

Dimensions: Generator, 550 x 330 x 284 mm; the indicator, 550 x 330 x 284 mm;
crosstalk attenuation meter, 540 x 260 x 285 mm; line switcher, 340 x 258 x
228 mm each; power supply, 340 x 258 x 228 mm.

Weight: gemerator, 25 Kg; indicator, 20 Kg; crosstalk attenuation meter, 17
Kg; generator and indicator power supplies, 14 Kg each; line switchers, 7 Kg
each.

The VIZ-3 Instrument

The instrument is intended for measuring the frequency characteristics between
circuits, the near end crosstalk attenuation and far end isolation of a cable

in a frequency range of from 12 to 800 KHz, when building, balancing and oper-
ating communications lines.

Instrument Characteristics

The frequency characteristic being measured is displayed on the screen of
a cathode ray tube with a diameter of 120 mm.

Working frequency range 12 - 300 and 300 - 800 KHz
Output level of the generator into a No less than +26 dB (3.0 Nep)
170 ohm load (with respect to power)
Maximum measureable magnitude of the 138.9 dB (16 Nep)

crosstalk attenuation using the indi-
cator; attenuation measurement error

Up to 130.3 dB (15 Nep) No more than
Up to 138.9 dB (16 Nep) No more than

1.73 dB (0.2 Nep)
2.7 dB (0.3 Nep).

+ I+
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A shift in the frequency bands when the power supply voltage changes by +107%
amounting to no more than 300 KHz is permitted (compensated by manual adjust-
ment of the frequency shift and the width of the band by * 50 KHz).

When the attenuation of the interfering circuit is no more than 69.5 dB (8
Nep), the measurements of the far end isolation between circuits are made up
to 69.5 dB (8 Nep):

Input of the generator and indicator Transformer, balanced with
respect to ground

Input impedance of each 170 Ohms * 10%

Duration of one sweep of the generator Around 4 seconds

frequency

The instrument is powered from 6.5 and 220 volt type 7-NKP-60 storage batteries
or from the AC main at 127 or 220 volts with permissible fluctuations of +10Z%.
The power consumption is:

When powered from the DC source:
For the generator, 100 mW (220 volts) and 2 watts (6.5 volts)
For the indicator, 75 mW (220 volts) and 3.5 watts (6.5 volts)

When powered from the AC source:
For the generator, 45 VA
For the indicator, 55 VA.

The AC instrument is housed in two metal boxes (generator and indicator).
When transporting them, they are placed in wooden packing boxes, in which the
various connecting cables and spare parts are also packed.

The generator dimensions are 350 x 260 x 200 mm, and those for the indicator,
280 x 420 x 490 mm. The weight of the generator is 14 Kg, and the indicator,
29 Kg. :

The PCh-1 (IP-13) Noise Level Meter

The instrument is intended for measuring the noise on wire communications lines.
It takes the form of a selective, high frequency microvoltmeter.

Instrument Characteristics:

Tuned within a frequency range of 12 - 160 KHz (the range is broken down
into five sub-bands in the meter)

Instrument sensitivity 1 - 100,000 microvolts

Passband 1.5 + 0.1 KHz

Input Unbalanced with respect to ground,

its impedance is 150 ohms.
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Peak values Read on the monitor indicator (microvolt-
meter) taking into account the scale fac-
tor for the instrument switch position.

A special audio monitor channel is provided in the instrument circuitry, into
which a headset can be connected, for listening to the nature of the noise
when making measurements.

Power is supplied from the AC mains at 50 Hz and a voltage of 127/220 volts
+ 10%, -15%, or from DC sources, a battery pack attached to the instrument.

The portable instrument is housed in a metal box with a removable cover and
a shoulder strap for carrying it.

The dimensions are 300 x 180 x 450 mm. The weight is 8 Kg.

The G-33, LIG-60, 1G-300, ZG-36, LIG-IPZ-300, etc., Signal Generators

Measurement generators are used as a source of sinusoidal AC signals when
measuring the transmission and crosstalk parameters of hard wire communications
circuits. In wire communications engineering, vacuum tube signal generators
are sued which operate in a freqeuncy spectrum of from 0.06 to 300 KHz.

Characteristics:

Input Balanced with respect to ground
Input impedance 135 and 600 ohms

Maximum power level at the output Up to +26 dB (3.0 Nep)
Frequency stability and setting ac- No less than 0.3%

curacy

Nonlinearity suppression Not less than 34.7 dB (4.0 Nep)
Long term frequency drift No more than +0.04%.

The power supply for the G-33 (LIG-60) and LIG-IPZ-300 generators is derived
from AC sources at 127/220 volts + 10%, - 15%, or using DC at 6.3 and 220 volts,
or 24 and 220 volts (LIG-IPZ-300) through divider resistors, and 24 and 220
volts (G-33 and LIG-60).

Each generator is housed in a metal box convenient for carrying and designed
for being carried on any type of transport.

The UNP-2 (UNP-60) and 12xN031 Noise Voltage Meters
The instrument is intended for the quantitative evaluation of the noise ap-

pearing in telephone circuits and wire broadcast circuits. The instruments
consist of a vacuum tube microvoltmeter with a square law detector, which
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sets a time constant close in quantity to the time constant of the human ear,
two filters which impart a frequency response characteristic to the vacuum
tube voltmeter such as recommended by the MKKTT [International Consultative
Committee on Telephony and Telegraphy] for a telephone channel or a wire
broadcast channel; a telephone headset for monitoring the character of the
noise in the audio monitoring channel during the measurement. With the fil-
ters switched in, the instrument is used as a vacuum tube voltmeter to mea-
sure the effective values of the voltage in a frequency range of 30 to 20,000
Hz.

Instrument Characteristics:

Range of measureable voltages From 0.01 pV to 10 volts

Instrument integration time 200 £ 50 msec

Input Balanced with respect to ground

Input impedance 600 ohms * 5%, or high impedance (grea-

ter than 8 KOhms)

The UNP-2 instrument is powered from two DG batteries:

—~ The filament circuit (8 type ZS-1-30) elements at a voltage of 12 volts;

—~ The plate circuit (two type BAS-80 batteries) at a voltage of 160 volts.
The 12xN031 instrument is powered from the AC mains at a voltage of 127/220
volts +10%, -15%, while the UNP-60 is powered from AC sources at a voltage

of 127/220 volts +10%, -15%, or using DC at 21.2 volts * 3%, or 24 volts *
+ 10%.

The UNP-2 instrument is housed in three metal boxes, the overall weight of
which along with the power supplies is no greater than 60 Kg.

The UNP-60 and 12xN0O31 instruments are each housed in a metal box with di-
mensions of 540 x 260 x 300 mm and 495 x 233 x 365 mm respectively. The
weight of the UIP-60 is 18 Kg, and the 12xN031 is 27 Kg.

The UU-110 Level Meter

The instrument is intended for measuring voltage levels, as well as the work-
ing and crosstalk attenuation, and in conjunction with an external high fre-
quency attenuator decade, for measuring the absolute value of impedances.
Additionally, it can be used as an instrument amplifier with a gain of no
less than 3.5 Nep when the amplifer output is loaded into 600 ohms.

Instrument Characteristics:

The operational frequency range 0.05 -~ 110 KHz
Measurement limits +26.0 to -60.8 dB (+3.0 to ~7 Nep)
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Output impedances:

High impedance Greater than 15,000 ohms
Low impedance 600 - 30 ohms

The instrument error at 1,000 Hz
for the extreme right scale marker
does not exceed + 0.04

Isolation attenuation 60.8 dB (7.0 Nep)

Imbalance attenuation at this fre-
quency, no less than 43.4 dB (5 Nep).

The instrument is powered from DC sources at a voltage of 24 wvolts *10%
(the battery positive is grounded) and 220 volts * 107 (the battery minus
is grounded), of from the AC mains at a nominal voltage of 127/220 volts
+10%, -15%.

The instruments consists of a level meter, an attenuator decade and a device
for measuring working and crosstalk attenuations, as well as the absolute
value of the characteristic impedance of a circuit, using an external attenua-
tor decade, where the level meter is used as an indicator.

The instrument is mounted on a metal panel and is housed in an iron box.
Dimensions: 485 x 340 x 255 mm. Weight: No more than 23 Kg.

The UUP-600 (UUP-300), and 12xN036 Semiconductor Level Meter

The instrument is intended for measuring signal levels from 0.2 to 600 KHz

on wire communications lines. The instrument permits the measurement of

voltage or power at a level of +26.0 to -60.8 dB (+3.0 to -7.0 Nep).

Instrument Characteristics:

Input impedance 135, 600 ohms, or high impedance
Input Transformer, balanced with respect to
ground

Imbalance attenuation of the
instrument input transformer » No less than 39.0 dB (4.5 Nep)

Overall error of the level meter
in the operational frequency range No more than 0.6 dB (0.07 Nep).
on all scales

The instrument is powered from three dry batteries of the 4.1-FMTs-07 (or
3.7-FMIs-0.5) type at a voltage of 1l - 14 volts, which are housed in the
instrument, or from an external 24 volt DC source or 220 volt AC source.

The power consumed by the level indicator is no more than 6.0 milliwatts.

- 181 -




The instrument is housed in a metal box with a removable cover.

The instrument dimensions: 260 x 180 x 135 mm. The weight is about 4 Kg.
The TR-ILZ~300 Shielded Balancing Transformer

The instrument is intended for reducing the AC imbalance with respect to ground
in measurement instruments and various electrical circuits, as well as for the
shielding and isolation of one electrical circuit from another.

Instrument Characteristics:

Transformation ratio 1:1

Insulation resistance between the No less than 100 MOhms
widings, as well as between each
winding and the frame

Absolute value of the characteristic 600 % 5% in the operational frequency
impedance on the input side when the range

output is loaded into an impedance

of 600 ohms

Operational attenuation in a fre- No more than 0.2 dB (0.03 Nep).
quency range from 0.2 to 300 KHz

Longitudinal imbalance attenuation No less than 78.2 dB (9 Nep).
in the frequency range indicated

The transformer is housed in a metal box with a removable cover.

Dimensions: 168 x 156 x 117 mm. The weight is 1.7 Kg.

The MS-08 Ground Meter

The instrument is used for measuring the resistance of grounding devices,
determining the specific resistance of the earth and the resistances of
conductors within limits of from O to 1,000 ohms. The instrument has three
measurement ranges: From 0 to 1,000 ohms, from 0 to 100 ohms, and from O to
10 ohms. The measurement error does not exceed * 1.5% of the quantity being
measured. Extraneous currents at a frequency of 45 - 55 Hz, and DC, have no
effect on the error. The measurement of a resistance is based on the ammeter
and voltmeter method.

The instrument has four terminals: Two current terminals, Ij and I, and two
voltage ones, Ej and Ej9, for the connection of two auxiliary grounding elec~-

trodes and one being measured.

The instrument is powered from a generator rotated by hand at a speed of from
90 to 135 r.p.m.
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The instrument is housed in one box, placed in a special container having a
shoulder strap.

The instrument dimensions: 192 x 244 x 455 mm. The weight is 12 Kg.

The I1SZ-2 Ground Resistance Meter

The instrument is intended for measuring the resistance of line grounding
electrodes, as well as for the measurement of other types of resistances,
for example, the internal resistance of a current source, etc.

The operation of the instrument is based on the compensation method using an
internal 1,000 Hz source. The instrument makes it possible to measure resis-
tances within limits of from 0 to 150 ohms with an error not exceeding 3%.

A pointer type galvanometer serves as the indicator determining the sound
minimum (reading maximum) when measuring a ground resistance. The diffusion
of the minimum (maximum) of the readings on the indicator does not exceed

* 2 scale divisions of the variable resistance. The noise immunity of the
meter is characterized by a reduction in the readings of the meter needle

of no less than 50 times when the frequency of the input signal changes from
50 to 1,500 Hz with the same voltage at the input. The instrument is powered
from a flashlight battery of the 4.1-FMTs-07 type.

The 12xU24 and MZ-600 Attenuator Decades

The instrument is used for adjusting the level of a signal genmerator opera-
ting in a range up to 600 KHz. The attenuation error of the decade does not
exceed:
0.002 Nep: For an attenuation of. from~0.08 to 0.09 dB (0.0l to 0.1 Nep);
0.015 Nep: For an attenuation of from 0.9 to 8.5 dB (0.1 to 1.0 Nep);
0.2 dB (0.03 Nep): For an attenuation from 8.5 to 43.4 dB (1.0 to 5.0 Nep);
0.43 dB (0.05 Nep): For attenuations from 43.4 to 138.9 dB (5.0 to 16.0 Nep).

Attenuator Decade Characteristics:
Attenuator input impedance 600 Ohms

The attenuator decade is balanced

with respect to ground, and the at-

tenuator imbalance with respect to

the attenuation does not exceed, in

terms of the nominal magnitude, 0.08 dB (0.01 Nep)

The maximum permissble power level at
the attenuator decade input should
not exceed 34,7 dB (4.0 Nep).

Located on the front panel of the attenuator decade are terminals (jacks)
for "input" and "output", terminals for connecting the ground, the load im-
pedances and switches for the attenuation quantities. The instrument is
housed in a metal box. The weight is 7 Kg.
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The R1-5A (IKL-5) Pulse Tester for Lines

[This unit is] intended for determining the character of a fault and the dis-
tance to it on open wire and cable wire communications lines.

The following distances can be measured using the instrument:

-~ To the location of an insulation fault in the conductors (cores) of a cir-
cuit with respect to ground (a "ground"), and in the insulation between
conductors (cores) of different circuits (a "cross connection');

-- To the location of a fault in the insulation between the conductors (cores)
of one circuit (a "short'):

—— To the location of a break in a conductor (core) with a reduction in the
insulation or without insulation;

== To the location of a difference in the resistances of circuit conductors
(cores) (dimbalance);

—— To the point of an unpaired connection (discontinuity) of the conductors
(cores) in circuits;

—— To the point of complex faults, consisting of a combination of faults
(break, insulation break, poor contact, imbalance, etc.);

~— To the point where water is located between the core insulation and the
strip insulation of a cable.

The instrument is powered from the AC mains at a voltage of 127/220 volts,

+ 10, - 15%, at a frequency of 50 Hz, or from a DC source at 24 volts * 10%
through a PPT converter. Im this case, the instrument's power consumption

is 150 watts.

The R1-5A instrument is housed in two metal boxes: Placed in one is the main
measurement instrument, and in the other, the AC converter. The boxes are
connected together and to the power sources with special cables having plug
connectors attached to the instrument.

The dimensions of the instrument: 310 x 350 x 500 mm. The weight is 23 Kg.

The IPL-4 Cable Detector

The instrument is intended for finding faults in underground cables with
polyvinylchloride or polyethylene jacketing using both the inductive and the
contact method. Using the inductive method, the instrument makes it possible
to determine the route and burial depth of a cable, a break in the cores, an
insulation breakdown between the cores of one circuit (a "short") and between
the cores of different circuits (a "cross connection"), as well as an insula-
tion breakdown of the cores with respect to ground (a "ground"). Using the
contact method, the instrument makes it possible to locate the place of a
core break, an insulation breakdown between the cores of one circuit (a "short"),
between the cores of different circuits (a "cross connection"), and of the
cores with respect to ground (a “ground").
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The IPL-4 instrument consists of;

‘ ~- A signal generator at a working frequency of 1,000 Hz =
| repetition rate of 1 to 6 Hz, a power of no less than O.
‘ long line and 0.2 watts into a short line;

20% and a pulse
8 watts into a

-~ An amplifier with a gain of no less than 60.8 dB (7.0 Nep);
-~ A search coil;

-— Two contact rods and headphones.

The instrument generator is powered from three type 4.1-FMTIs~0.7 batteries,
while the detector (amplifier) is powered from two 1.5-SNMTs-0.6 cells. The
generator uses from 80 to 180 mA of current from the power supply (depending
on the length of the line), and the detector (amplifier) uses no more than

8 mA.

The generator is housed in a metal box with a 1id which opens up during oper-
ation and a handle for carrying it; there is a special battery compartment
in the box. »

The detector consists of: an amplifier, a remote coil, rods and headphones.
The detector is placed in a canvas bag with a shoulder strap.

The generator dimensions: 230 x 130 x 200 mm; the detector dimensions: 1,045 x
X 225 mm.

The weight of the generator with the working battery set is no more than 2.3
Kg, and for the detector, no more than 1 Kg.

The KI-3 Cable Detector

The cable detector is intended for locating faults on cable lines using the
inductive method by means of a remote inductance coil, where these cable
lines are run in telephone conduit, the ground, strung on open wire line
support poles, run in walls of buildings, as well as over the structural
lengths of cables.

The instrument permits:
—- Finding the route of a layed cable;
-~ Determining the depth at which the cable is buried;

—— Finding the location of a break in the cable cores, an insulation break-
down between the cores of one circuit (a "'short'"), between the cores of
different circuits (a "cross connection'), and between the cores and
ground (a "ground").

Included in the instrument complex are:
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—-— A signal generator at a frequency of 1,020 Hz * 2.5%, the output power of
which is no less than 1.3 watts. The generator can feed signals continuous-
ly or at set intervals;

~— A detector with an audio frequency amplifier installed in it, having a
gain of 60.8 dB (7.0 Nep).

A ferrite antenna, which is secured in the working position to a contact rod,
is connected to the amplifier input. Connected to the amplifier output are
type TON-2 headphones. A provision is made in the detector for the capability
of working with narrow and wide passbands of 75 - 175 Hz, and 200 - 400 Hz
respectively.,

The generator is powered from the AC mains at a voltage of 220 or 24 volts,
or from 10 type FMIs-U-3.2 cells at 1.6 volts each, connected in series, or
from any external DC source at a voltage of 12 - 15 volts. The detector is
powered from two 1.5SNMIs-0.6 cells, connected in series. The current con-~
sumption does not exceed 5 mA.

The generator is housed in a metal box, in which there is a special compart-
ment 10 type 1.6FMTs-U~3.2 cells.

The detector consists of an amplifier, a tuned circuit with a ferrite antenna,
rods and a power supply. The detector, rods and search coil are kept in a
canvas bag with shoulder straps for carrying them.

The dimensions of the generator are 240 x 168 x 200 mm; and of the search
coil, 1,030 x 200 mm.

The weight of the generator with the working battery set is no more than
4.5 Kg; and of the detector, no more than 1 Kg.

A Mobile Instrumentation and Alignment Laboratory

For the operational monitoring of the technical condition of HF multiplex
equipment, line installations and chanmels, and performing operational measure-
ments of the electrical transmission characteristics of channels located on
the territory of an operational engineering communications unit for rural
telephone networks, the "Pinal' mobile instrumentation alignment laboratory

is employed.

The mobile laboratory makes it possible to carry out the following:

—— Measurements of the electrical transmission parameters of line units for
both DC and AC in a frequency range of from 0.3 to 300 KHz;

—-— Measurements of the electrical transmission characteristics of HF multi-
plex equipment in a frequency range of from 0.3 to 300 KHz, telephone
channels in a frequency range of from 0.2 to 3.5 KHz, and wire broadcast
channels in a frequency range of from 0.1 to 6.5 KHz;
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-~ Adjustment and alignment of the equipment of automatic telephone exchanges
of the relay, relay-unit crossbar, and ten-step types;

-— Measurements of the resistances of line and exchange grounds at monitor
and cable posts, terminal and intermediate HF multiplex exchanges, tele-
phone exchanges, and wire broadcast junctions;

— Check of the line protection elements in the cable boxes of the HF multi-
plex equipment, and the cable boxes of the telephone network input switching
units (VKU's).

The "Pinal" instrumentation laboratory is built up using the following instru-
ments and equipment: a UAZ-452 motor vehicle with equipment; with measurement
instruments (the basic set, the remote set, and general use instruments) and
tools.

The measurement instruments of the basic set are intended for measuring the
transmission parameters of HF multiplex equipment, line units, equipment and
wire broadcast lines.

This set consists of: a signal generator with a frequency range of 0.3 to 300
KHz, of the IG-300 type, a wide-band level meter with a passband of from 0.2

to 600 KHz of the IU-600 type; a selective level meter with a passband of

from 5.0 to 300 KHz of the IUU-300 type; a control switching panel of the
12XRO07A type for organizing the work area (in the vehicle) for the AC measure-
ment of certain line transmission and equipment parameters; a portable cable
instrument with power supply, of the PKP-2M type; and a 12XN024 attenuator
decade.

The remote instrument set of the laborator, depending on the purpose, consists
of several groups of instruments. To organize a remote work location at the
other end of a line being measured or channel, the following are used: a sig-
nal generator with a frequency range of from 0.3 to 200 KHz of the GZ~-36 type;
a R-33 resistance decade; a 12x036 level meter with a frequency range of from
0.2 to 300 KHz, with a power supply unit.

To measure nonlinear distortion, noise voltages, and to observe the shape of
the signal and the character of the noise in the channel, in a wire broadcas
amplifier and in HF multiplex equipment, the following are used: a nonlinear
distortion meter of the S$6-1 (INI-12) type; a UNP-60 or 12x31 noise voltage
meter; and VM-370 oscilloscope.

To make measurements of the electrical transmission characteristics of the
amplifiers of radio relay centers and wire broadcast lines in a frequency
range of from 0.1 to 6.5 KHz, the following instruments are used: a. GZ-36
signal generator with a frequency range of from 0.02 to 200 KHz; a VK-7-9
(AChM2) AC voltmeter; a VZ-10 AC voltmeter; and a set of equivalent loads.

The following instruments are used to carry out alignment and measurement
work on automatic telephone exchange equipment: a IDIR decatron pulse time
meter with a transducer (of the pulses) and a device for checking polarized
relays; and an inductive dial pulse converter.
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Included in the general use complex of instruments are: a Ts-435 ammeter -
voltmeter; a L2-1 instrument for checking transistor parameters; a meter for
the signal voltage at the input terminals of wire broadcast units; a MS-08 or
ISZ-2M ground resistance meter; a TR-3 discharger tester; a LATR-2M voltage
regulator for 2A.

The electrical equipment of the laboratory makes it possible to power the
instruments, provide lighting, maintain a normal temperature and provide for
the operation of ventilation units from the external AC mains at a voltage
of 220 volts, and power the devices and instruments indicated above in the
emergency mode from a 24 volt storage battery, and in this case, a DC 24/220
volt converter is used for powering the plate circuits of the instruments.

Included in the electrical equipment complement of the laboratory are: a dis-
tribution panel, storage battery consisting of two 6ST-54~EM storage batteries,
one of which is included in the motor vehicle complex, and the other is instal-
led additionally, three reels of cable, of which one is used for connecting the
electrical equipment of the laboratory to the external AC mains, and two reels
of cable for connecting the facility being measured (line, NUP [unattended am-
plifier station], multiplex equipment terminal station) to the measurement

work location housed in the motor vehicle, as well as the illumination lighting.

If the measurement instruments of the laboratory do not correspond to the task
at hand (low sensitivity, limited frequency range of a signal generator or
level meter, or the requisite instruments are lacking) for the facility meas-
urements, it is necessary to outfit the laboratory with other instruments com-
patible as regards the power and type of current and voltage levels of the
electrical equipment.

Setting the work location and using it should be carried out with the chassis
of the motor vehicle grounded. Grounding is accomplished using a rod which
is connected by a wire to the metal housings of the electrical equipment and
the shields of the internally installed cables of the laboratory.

The equipment is placed in a UAZ-452 rough terrain motor vehicle. To provide
for normal operation under any weather conditions, the body of the motor ve-

hicle is heat insulated with a layer of expanded plastic and layered plastic,
and the floor is insulated with linoleum.

The body is equipped with special compartments in which the measurement instru-
ments are placed for transport and storage.

The compartments are made in welded construction housings, made of angle iron.
Each housing has a folding lid with a sealing liner of porous rubber, which
reliably secures the instruments by means of fastening locks, protecting them
from jolts when the motor vehicle is underway.

The internal laboratory installation is executed with concealed wiring. The
lines and junction lines are run using shielded conductors,
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CHAPTER 4: MULTTPLEX EQUIPMENT

4.1. Audio Frequency Termination Complexes and the Automatic Through Working
of High Frequency Telephone Channels

High frequency telephone channels in a rural communications network can be
used simultaneously as junction lines on several network sections. To observe
the norms for the attenuation distribution, the through call connections should
be made in the rural network so that the residual attenuation of the composite
HF channel remains approximately 7.0 dB (0.8 Nep). It is necessary for this

to provide for matching of the levels of HF telephone channels at the switching
points.

Through working of HF telephone channels is realized automatically at central
and junction rural ATS's [Automatic Telephone Exchanges]. Two methods of HF
channel through call working are distinguished: Two-wire and four-wire. Ten
step ATS's are designed for the capability of organizing automatic two-wire
through working, while crossbar ATS's, for the capability of organizing auto-
matic four-wire through working (as well as for two-wire through working).

In accordance with the conditions for the organization of communications on
a rural network, the audio frequency termination circuits for HF telephone
channels should provide the following:

—-— Automatically making the terminal connections;
——- Automatic two-wire through workings;
-— Automatic four-wire through working;

-~ Making connections between manually operated telephone exchanges.

The V-2, V-2-2, V-3-3s, VO-3~4, KNK-6S, KNK-6SM, KNK-6T and KNK-12 multiplex
equipment contain audio frequency termination complexes which assure the op-
eration of the channel in any of the modes indicated above. The multiplex
equipment listed here is the same as regards its functional purpose and oper-
ational principle, despite a number of differences in the electrical circuitry,
equipment composition, semi-~finished products, structural finishing and equip-
ment complement.

The circuit of a channel with automatic terminal connection is shown in Figure
4.1 (using the example of the V-2 equipment). The signal from the telephone
set of the speaking subscriber is fed through the differential transformer,
DTr, the matching transformer, Tr, the amplitude limiter using diodes Dj and
Dy, 2.7 dB (0.3 Nep) and 7 dB (0.8 Nep) attenuator pads, and the VKh [input]
break jacks to the input of the transmitting part of the multiplex equipment.
Following signal modulation and amplification, it is transmitted via the line
in the HF range. The signal transmitted via the line, after demodulation and
amplification, passes through the Vykh [output] break jacks, the 7 dB (0.8
Nep) and 0.9 dB (0.1 Nep) attenuator pads and a differential transformer, DTr,
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to the set of the listening subscriber. The transmission of the telephone
signals is realized in an analogous manner in the opposite direction.
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Figure 4.1. Schematic of a chanmel with automatic terminal connection.

Key: 1. Telephone set; 2, Multiplex equipment; 3. Line; 4. Multi-
plex equipment; 5. 0.1 Nep.

The attenuation of the transmit and receive routes, including the attenuation
of the differential transformer, taking into account losses of 3.4 dB (about
0.4 Nep), is 13.0 and 11.3 dB (1.5 and 1.3 Nep) respectively. When feeding

a signal at a zero measurement level into the two wire input of a channel,
the level at the input of the transmit channel of the multiplex equipment at
the break jacks, Vkh, amounts to -13.0 dB (-1.5 Nep). The measurement level
at the output of the receive channel of the multiplex equipment at the break
jacks, Vykh, is equal to +4.3 dB (+0.5 Nep). 1In this case, the receive level
at the two wire channel output is -7.0 dB (-0.8 Nep). The diagram of the
levels indicated here provides for a residual channel attenuation of 7 dB (0.8
Nep) in the two transmission directioms.

A circuit for automatic two-wire through working for a ten step ATS is shown
in Figure 4.2 (using the V-2 equipment as an example). TFor the case of through
working of two HF channels for the signal from the ATS, the two 7 dB (0.8 Nep)
attenuator pads are switched out of the transmit and receive channels of the
outgoing channel. For example, when making a connection from right to left
(the calling subscriber is on the right), the attenuator pads of the right
channel are switched out. Switching out the attenuator pads provides for an
attenuation of the through working exchange close to zero.

A circuit composed of two transistors, T{ and T2, and a through working relay,
V, serves for switching out the attenuator pads. For the case of local call
through working, a negative voltage is fed from the ATS circuit to the base
of transistor Ty of the outgoing channel, and the transistor turns on, relay
V actuates, and switches out the attenuator pads with its contacts. For the
case of long distance through call working on a rural network, a negative
voltage is fed from the ATS circuit to the base of tramnsistor T9 in a similar
fashion.
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Figure 4.2. Schematic for automatic two-wire through working.

Key: 1. Multiplex equipment; 2, Channel input; 3. Automatic telephone
exchange equipment; 4. Channel output.
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Figure 4.3. Schematic for automatic four-wire through working.

Key: 1. Multiplex equipment; 2. Relays V; 3. Automatic telephone
exchange equipment.

For the case of terminal connection, as well as for through call working of
the HF channel to a connecting channel organized on a physical circuit, the
transistors are cut off and the attenuator pads remain switched in the circuit.

A circuit for automatic four-wire through working at a crossbar ATS is shown

in Figure 4.3 (using the V-2 equipment as an example). In this case, the
differential transformers, DTr, are switched out of the circuits of the HF
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termination complexes participating in the through call working of the channels,
and two two-wire transmission channels are formed. Because of this switching
over, the through call working of the HF channels is assured without an increase
in the attenuation. The measurement level at the switching points is equal to
~3.4 dB (0.4 Nep).

Relays V are included in the HF termination equipment complex, and actuate on
a signal from the RSL [connector relay unit].

Three types of audio frequency termination complexes (KNO's) are provided in
the V-2 equipment:

-- For terminal operation with the capability of automatically switching over
to the two-wire through working mode (type I KNO);

-— For terminal operation with the capability of automatically switching over
to the four-wire through working mode (type II KNO);

-— For terminal mode operation between manual exchanges with transmission and
reception of the magneto call-up ring via two wires, as well as with nega-
tive polarity DC call-up ring receive from the switchboard via one wire
(type III KNO); this type of KNO can also be used for making terminal con-
nections between ATS's.

The type of KNO is specified in the order; if the type is not specified in the
order, then a type I KNO is installed in the equipment. On site modification
of KNO circuits is permitted as an exception.

The KNO complex consists of a printed circuit board, as well as a relay and
equalizing capacitors, installed outside the board. The board is designed for
the installation of all circuit elements which are used in all three KNO types,
but in each case, only those components which are essential to the circuitry
of a given type are mounted on the board. When making a modification, the
superfluous elements and jumpers are unsoldered, while the missing components
and jumpers are soldered into the circuit board. One of the conductor bundles
coming up to the board is also changed. The components (resistors, diodes and
transistors) necessary for the retrofitting are appended in the ZIP [expansion
unknown] .

In the V-2-2 equipment, the audio frequency termination complexes provide the
same switching capabilities as in the V-2 equipment, but are made structurally
in the form of two mutually interchangeable plug-~in blocks. One of the KNO
blocks of types I — II is intended for automatically making terminal connec-—
tions with the capability of organizing automatic two-~wire or four-wire through
working. Changing over from a two-wire circuit to a four-wire through working
one, and vice-versa, is accomplished by means of resoldering, where all the
components necessary for this, including the relay (type RES-22), are installed
on the block circuit board. The second KNO-ITT block is intended for making
terminal connections between manually serviced exchanges and between ATS's.

The type of block is specified in the equipment order.
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Three types of audio frequency termination plug-in blocks are provided in the
V-3-3S equipment:

—— The DS block, for terminal mode operation for automatic and manual communi-
cations;

~— The DS-2T block, for terminal mode operation with the capability of auto-
matically switching over to two-wire through working;

—— The DS-4T block, for terminal mode operation with the capability of auto-
matically switching over to four~wire through working.

The type of DS block is specified in the equipment order.

A provision is made in the VO0-3-4 equipment, just as in the case of the V-3-3s
equipment, for three types of plug-in audio frequency termination blocks:

~— The variant I differential system, for terminal mode operation with automa-
tic and manual communications;

—— The variant IT differential system, for terminal mode operation with the
capability of automatic switchover to the two-wire through working mode;

~— The variant III differential system, for terminal mode operation with the
capability of automatic switchover to the four-wire wire through working
mode.

The requisite variant of the differential system is stipulated in the equip-
ment order.

The KNK-6S equipment, which was supplied prior to 1966, was equipped with a
type VIJ [Latin letters] audio frequency termination block, intended for ter-
minal mode operation of the channels with automatic and manual communications.
Subsequent variants of the equipment, the KNK-6SM and KNK-6T types, were put
together as a function of the order for the audio frequency termination blocks
of the VIJ or VAJ [Latin letters] types. In addition to automatically making
terminal connections, a type VAJ block provides for two-wire or four-wire auto-
matic through working of the channels, where the changeover from a two-wire to
a four wire circuit is realized by means of resoldering on the terminal strip
of the block. In the case where VIJ blocks in the KNK-6S equipment are re-
placed by VAJ blocks, it is necessary to tailor the resoldering of the rack
equipment to each individual case.

Two types of differential systems are used in the KNK-12 equipment. One dif-
ferential system is intended for the terminal comnection which can be made both
automatically and manually. The other differential system serves for making
automatic terminal and through call connections, where the changeover from
two-wire to four-wire through working, and vice-versa, is accomplished by means
of resoldering.

The basic electrical characteristics of the audio frequency termination com-

plexes for all of the multiplex equipment types treated here are approximately
the same. The amplitude response characteristics of the limiters incorporated
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into the equipment complement! are flat within 0.2 - 0.43 dB (0.03 - 0.05 Nep)
when the input signal level increases 3.4 dB (0.4 Nep) above the measurement
level, and deviates from a linear response by no more than 2.2 - 2.7 dB (0.25
- 0.3 Nep), when the input level increases by 8.5 dB (1 Nep). The balancing
networks consist of a 600 ohm resistor and two 0.5 and 1.0 ufd capacitors,
which permit shifting the balancing capacity within limits of 0.33 - 1.5 ufd.
Provisions are made in all circuits with two-wire through working for outputs
to connect external balancing networks.

The audio frequency termination complexes assure equality of the chanmel input
impedance on the 600 ohm two-wire input side with a return loss in a frequency
range of 300 - 3,400 Hz not exceeding 107 (when the isolating capacitor protec-
ting against induced current overloads is cut out). The input and output im-
pedances of the channels at the -13 dB (-1.5 Nep) and +4.3 dB (0.5 Nep) level
points are 600 ohms with return loss factors at frequencies of 300 - 3,400 Hz
not exceeding the quantities indicated in Table 4.1.

TABLE 4.1. Return Loss Factor

Equipment VYEEE V-3-3S VO-3-4 KNK-~6S KNK-6SM  KNK-12
Return .

Loss 25 15 10 (Tramsmit) . 4, 25 20

Factor, % 15 (Receive)

Any type of audio frequency termination complexes can be installed at terminal
ATS's (0S's [terminal exchanges]). Installed at through working ten-step and
crossbar ATS's (junction centers, subexchanges, central exchanges) are complexes
intended for not only terminal connections, but also for the capability of auto-
matic changeover to the corresponding two-wire or four-wire through working mode.

When multiplexing lines between an ATS and a manually serviced exchange, any
type of audio frequency termination complexes can be employed, and where neces~
sary, with the corresponding automatic through call working to the ATS. Com~
plexes intended for a terminal operational mode with manual servicing are used
for communications between switchboards.

4.2, The Line Spectra of Open Wire Line Multiplex Equipment up to 30 KHz

The line spectra of the V-3-3. V-3-3S, V-2, V-2-2, K~-32, UDK-1 and UDK-2 equip-
ment for multiplexing rural steel circuits are shown in Figure 4.4. The line
spectra of the V0-3-4 equipment, which differs slightly from the V-3-3S spec-
tra are shown in Figure 4.12, The line spectrum of the V-2-2 equipment coincides
with the V-2 spectrum.

! In the V-3-3S equipment, the amplitude limiter is mounted outside the audio
frequency termination complex.

2 The K-3 equipment has not found wide application on rural networks.
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Figure 4.4. The line spectra of open wire line multiplex equipment up to
30 KHz.

Key: A. V-3-3S (V-3-3); B. Variant I; C. 0.3 to 3.0 KHz, audio;
D. 31 [KHz] (channel frequency); E. Variant II; F, Variant III;
G. V-2 (V-2-2); H. Audio frequency, 0.3 - 3.0 [KHz]; I. K-3;
J. SVR-ADU, 34.7 KHz carrier; K. UDK-1; L. 10.5 (carrier);
M. 21 (carrier); N. V-3; 0. Main; P. FTg [facsimile]; Q. Additional;
R. VS-3; S. With ARU [automatic gain control]; T. Simplified, without
ARU.

Parts of rural circuits are strung on long distance communications line poles.
For this reason, the mutual coupling between the rural and long distance mul-
tiplex systems has to be taken into account. The line spectra of V-3 three
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channel long distance systems for multiplexing circuits of nonferrous metals,
and the VS-3 type for multiplexing steel circuits are shown in Figure 4.4.
The line spectra of the three channel V~3~3 system, intended for multiplexing
both nonferrous and steel circuits for long distance communications coincide
with the spectra of the V-3-3S rural system.

To avoid opposing telephony in all systems, working in a frequency range up

to 30 KHz, the lower group of channels is always transmitted (from exchange

A to exchange B, the A-B direction) from north to south and from east to west,
while the upper group (from exchange B to exchange A, the B-A direction) from
south to north and from east to west. The sole exception is the part of the
spectrum of the first channel of the VS-3 equipment close to 5 KHz. This
proves to be permissible because of the adequately high crosstalk attenuation
at the near end and the low transmission attenuation at relatively low frequen-
cies. As far as the spectrum of the second channel of the simplified VS-3
equipment is concerned, this channel is employed only in the absence of paral-
lel multiplexed circuits strung on the same support poles.

The correct choice of the transmission directions makes it possible to consi~-
der only the influence at the far end, the crosstalk between systems operating
on parallel circuits with overlapping spectra in the same direction. The
coupling at the far end is brought down to the existing norms by means of
transposing the circuits in accordance with the "Instruktsii po skreshchi-
vaniyu telefonnykh tsepey vozdushnykh linii svyazi" ["Imnstructions on the
Transposition of Open Wire Communications Line Telephone Circuits"], Moscow,
Svyaz' Publishers, 1968.

In a number of cases, a substantial increase in the crosstalk attenuation be-
tween steel circuits can be achieved by means of an even simpler measure:
Concentrated balancing by means of switching equallzlng RC networks in at the
ends of the amplified sections.

Audible tramnsfers, arising between multiplexed systems operating with the same
line spectrum, represent the greatest danger. A line spectrum variant is pro-
vided in each of the UDK~1, UDK~-2, K-3, V 2 and V-2-2 units.

In the V-3-3S and VO-3-4 equipment, to prevent audible crossovers, arising
when multiplexing parallel circuits, in inaudible ones, four variants each

of the line spectra are provided. In the V-3-35 equipment, the I and III
variants differ from the II and IV variants by the frequency inversions, while
the T and II variants additionally differ from the TII and IV variants by the
frequency shift in the upper group. The A and D variants of the line spectra
of the V0-3-4 equipment coincide with the T and IV variants respectively of
the V-3-3S equipment spectrum, while the B and C variants of the V0-3-4 equip-
ment differ from the IT and IIT variants of the V-3-3S by the frequency in-
version in the lower group of channels (Figures 4.4 and 4.12).

The spectrum inversion of the frequencies adds to the isolation against cross-—
talk noise by 8.5 dB (1.0 Nep), while the frequency shift, without inversion,
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adds 6.0 dB (0.7 Nep). Additionally, a provision is made in the V-3-3S and
V0-3-4 equipment for the option of using companders which suppress noise by
13 dB (1.5 Nep).

Rural steel circuits are also multiplexed with HF broadcasting systems. The
spectrum of one of these systems of the SVR-ADU type, intended for feeding
broadcast programs to rural radio repeater junctions and for the remote control
of them from the regional center is shown in Figure 4.4. Included in the SVR-
-ADU equipment complement are the transmitting, branching, amplifying and re-
ceiving stations. Used in the equipment is the method of transmitting the car-
rier current and one sideband (the lower one) on the line. The transmit level
on the line with respect to the carrier at the transmit and branching stations
is +30.4 dB (3.5 Nep), and at the amplifier station, is +26.0 dB (3 Nep). The
sideband is transmitted into the line at a level of 13.9 dB (1.6 Nep) below the
34.7 KHz carrier level. The maximum attenuation of the amplified sections com-
ing after the transmitting and branching stations is 43.4 dB (5 Nep) at a fre-
quency of 34.7 KHz, and for the sections coming after the amplifier stationm,
39.0 dB (4.5 Nep). The maximum length of the amplified sections intended for
operation under worst case conditions into lines of "20 mm rime ice" is given
in Table 4.2, The maximum number of amplified sections is four.

For the case of SVR-ADU equipment operation on parallel circuits with telephone
systems occupying a frequency range of from 24 to 30 KHz, incorporated into the
channel of the transmitting station is a D-6 filter which limits the bandpass
of the broadcast channel to 6 KHz, while at the remaining exchanges, the LF-1
(D-12, K-20) line filter plug is replaced by the LF-11 (D-12, K-28) plug.

TABLE 4.2, The Maximum Lengths of the Amplified Sections in Km for
SVR-ADU Equipment

BaTyxanue yuactka 39,0 B 3aryxanne
s yuactka 43,4 nB
PaccTosiHne Mex, (4,5 Hn) nipu Ruamerpe (6 Hn) npu puamerpe
1. npoBojamu, many 2. TipoBosion 3 * nposonos g
3 MM ) 4 MM 3 MM -4 Mm
20 18,5 22,2 20,6 24,8
40 21,0 25,3 23,3 28,1
60 22,5 27,1 25,0 o1

Key: 1. Distance between the conductors, cm; 2. 39.0 dB (4.5 Nep) section
attenuation for a conductor of:; 3. 43.4 dB (5 Nep) section attenuation
for a conductor diameter of:.

For multiplexed telephone systems, the choice of the transmission directions

is made according to the points of the compass. The broadcast network though,
is built out from the regional center on a radial principle. For this reason,
in 50% of the cases, opposing transmission will occur between the high frequen-
cy telephony and broadcast systems.
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The line spectra of the V-3-3S and V0-3-4 equipment in a frequency range of
28.7 - 30 (31) KHz overlap with the SVR-ADU spectrum. For this reason, even
on transposed circuits, these systems cannot work into each other on parallel
lines over long amplified sections. The opposing operation of these systems
is possible only over shortened sectionms,

Cover filters which protect the telephone channels and the broadcast channel
against crosstalk interference are provided in the UDK-2 and V-2 equipment.
When the line filters (LF-I or LF-II) are replaced in the SVR-ADU equipment
by specially designed filters, this equipment can operate over one circuit
with the UDK-2 equipment, with the exception of the case of opposing trans-
mission. The SVR-ADU equipment can operate with UDK-2, V-2 and V-2-2 equip-
ment on parallel transposed circuits, including the case of opposing transmis-
sion.

4.3. The Signal Channels of Multiplex Equipment

A characteristic feature of multiplex equipment intended for operation on a
rural automated network is the transmission of control and interaction signals
via a signal channel which is separated out. The basic data on signal channels
for certain types of rural communications equipment are given in Table 4.3.

TABLE 4.3. Signal Channel Data
l. BNHeceHHblﬁ CHrHAJNBHBI Kalian
Amnaparypn LR ARE | ry | oYponers nepepas
Equipment i ;r"reallennv ’ Y| purensoro, B (Hn) 2.
YAK2  UDK-2 3000 oo 0
B2, B-22 V-2, V-2-2 4000 . =6.0(=0,7)
B-3-3C V-3-3g 3825 ~10,4 (—1,2)
BO-3-4 VQOw3wl ) 3825 —6,0(—0,7)
3 ,KHK-6C, KHK-6CM 3850 0
KHK-6T KNK=-6T- : 3850 —6,0(—0,7)
KHK-12 KNK-12 3825 —20,0(—2,3)

Key: 1. Extracted signal channel; 2. Transmit level with respect to the
measurement [level], dB (Nep); 3, KNK~6S, KNK-6SM.

The main features of the operational conditions and certain characteristics
of signal channels which are common to all multiplex systems used on a rural
network are:

1. Each telephone channel is equipped with its own isolated signal channel,
which serves for the transmission of control and interaction signals with
automatic call completion, and for transmitting the ring-up in the case of
manual servicing. No provision is made for signal transmission via the sig-
nal channel before the telephone channel is occupied, and during a conversation
(with the exception of KNK-12 equipment).
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2. To exclude the possibility of self-excitation, the telephone channel is
either loaded into an equivalent resistance or short circuited by means of
the RSL [connector relay] from the moment it is engaged until the called sub-
scriber answers.

3. To preclude false actuations, the signal channel is protected by filters
against noise from the telephone channels. A check of the isolation is made
by feeding measurement signals at a level of +4.3 dB (0.5 Nep) above the nomi-
nal into the telephone channel input. When the frequency of the signal is
varied within limits of 300 - 5,000 Hz, the signal channel receiver should not
actuate.

The noise immunity of the signal channel likewise depends on the nonlinear dis-
tortion factor and the load level on the telephone channel. To protect the
signal channel against nonlinear interference, when the limiter is switched

out in the telephone channel, a provision is made for an excess in the frequency
response. Additionally, an amplitude limiter is inserted at the telephone chan-
nel input for the purpose of decreasing its load. A check of the protection of
the signal channel against nonlinear noise is accomplished by means of sequen-—
tially feeding signals at frequencies of (1/2)f. and (1/3)f. into the channel
input with the limiter switched in, where f. is the working frequency of the
signal channel; at a level of the test signals which exceeds the measurement
level by 10.4 - 13.0 dB (1.2 - 1.5 Nep), the receiver should not actuate.

4. The operation of the signal channel should not cause noticeable interference
in adjacent telephone channels.

5. The distortion in the 20 and 40 msec wide pulses transmitted via the signal
channel should not exceed * 6 msec. This should be observed during a change
in the receive level, the ambient temperature and when interference is present
on the line.

6. The control of the operation of the signal channel from the RSL, and the
relaying of tramsmitted pulses to the RSL is realized via one wire, using a
positive polarity by means of a closing contact.

4.4, The UDK-1 and UDK-2 Equipment

The UDK-1 equipment is built to transmit a carrier and two sidebands into a
line, and provides for the organization of one HF telephone channel on a steel
circuit, in addition to the existing audio channel. A 10.5 KHz carrier and
two sidebands in a range of 7.8 - 13.2 KHz are transmitted on a line in the
A-B direction, and in the B-A direction a 21 KHz carrier and two sidebands are
transmitted in a range of 18.3 - 23.7 KHz (Figure 4.4.).

The transmit level on the line is 6.0 dB (0.7 Nep) for the carrier, while the
modulation coefficient corresponding to the measurement level is 60 - 70%.

The transmission of the call-up and dial signals is accomplished by means of
retuning the carrier frequency from 10.5 to 7.4 KHz in the lower transmission
and from 21 to 17.9 KHz in the upper direction.
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The UDK~2 equipment is designed for multiplexing a steel circuit with two HF
telephone channels. Included in the equipment complement are terminal and
intermediate stations. To compensate for the change in the line attenuation,
a flat ARU [automatic gain control] response is provided in the intermediate
and terminal equipment,

The equipment operates with the transmission of one sideband into the line.
The shift of the channel spectra from the HF range to the line spectrum is
accomplished by means of a single individual conversion of the frequency by
means of 7, 14, 17.5 and 24.5 KHz carriers, which are derived from a 21 KHz
master oscillator, located at station B. In the A-B direction, the two chan-
nel group is transmitted in a range of 7.3 - 13.7 KHz, and in the B-A direct-
ion, in a range of 17.8 - 24,2 KHz (Figure 4.4). For controlling the ARU de-
vices, a control current at a frequency of 10.5 KHz is transmitted in the

A-B direction, while transmitted in the B-A direction is a 21 KHz control sig-
nal which is used simultaneously for synchronizing the carriers of the oppos-
ite terminal stationms.

The transmission level on the line is 4.3 dB (0.5 Nep) (with respect to power).
The 10.5 and 21 KHz monitor signals are transmitted at the same level on the
line.

When the attenuation of the steel circuit deviates by -6 to +3.4 dB (-0.7 to
+0.4 Nep) from the average value, which corresponds to a change in the condi-
tions from "12 mm rime ice" to “summer - damp" and from "summer - damp" to
"winter - dry", the ARU maintains the output level of the monitor signal con-
stant within -0.9 to 0.4 dB (~0.1 to +0.05 Nep).

The call-up and dial signals are transmitted via the extracted signal channel
at a frequency of 3,000 Hz, working at the measurement level. The distortion
of the pulses transmitted via the signal channel do not exceed * 6 msec.

To increase the range of the UDK~1l and UDK-2 equipment, the PS-UDK-1 and PS~UDK-
-2 intermediate stations respectively, are employed. Additionally, a universal
PS-2M-UDK station has been produced which can be used as an intermediate sta-
tion, both for UDK-2 equipment and for the UDK-1l. The basic data for the UDK-
-1 and UDK-2 equipment are given in Table 4.4.

The HF terminations circuitry of the UDK-1 and UDK-2 equipment is designed for
operation of the HF channels in a terminal mode with a residual attenuation of

7 dB (0.8 Nep) between automatic and manual telephone exchanges, as well as

for organizing permanent two-wire and four-wire through working (using resol-
dering). Additionally, a provision is made in the UDK-2 equipment for the
capability of organizing automatic two-wire through working between UDK-2 equip-
ment channels without increasing the attenuation.

The power supply for the equipment is from DC exchange sources at -24 or =60
voltsl. The current consumption for a UDK-1 terminal station is 25 mA, and for

1 A pC regulator is provided in the UDK-2 equipment which is designed for an
input voltage change of -207% to +30%.
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TABLE 4.4. Basic Data on the UDK-~l and UDK-2 Equipment

. . Unit of Equipment
Characteristic Measurement UDK~-1 UDK-2

Maximum attenuation of an ampli- 30.4 (3.5) 34.7 (4) at
fied section (for "summer-damp") dB at a frequ- a frequency
conditions which can be compensated ency of 21KHz of 24.2 KHz
M§x1mu? length of an a?pllfled sec~ Km 25 and 30 25 and 30
tion via a steel circuit with conduc-
tor diameters of 3 and 4 mm
Maximum communications range when
using:

One intermediate station Km 50 - 60 50 - 60

Two intermediate stations Km - Up to 75
Input impedance from the line side Ohms 1,000 1,000!
Return loss factor A 20 20
Frequency passband which can be ef-
fectively transmitted via the HF Hz 300 - 2,700 300 - 2,700
channels
Nonlinear distortion factor, no g 5 3

greater- than

Amplitude response when the level at
the channel input increases 4.3 dB
(0.5 Nep) above the measurement level
(with the limiter switched in)

Flat within
- - 0.9 dB
(0.1 Nep)

Inherent noise voltage of the termi-

nal equipment at the channel output Millivolts - 0.2
at the point with a level of -7 dB Psophometric

(-0.8 Nep), no greater than

Isolation against audible cross-—
talk between channels, no less dB (Nep) - 56.5 (6.5)
than

1 A provision is made for resoldering the inputs of the terminal and inter-
mediate stations for an impedance of 150 ohms.

a UDK-2 terminal station, 230 * 15 mA. A DC regulator is provided in the
UDK-~2, which is designed for an input voltage change of from -20 to +30Z.
The UDK-2 equipment can be powered from the AC mains through the VDK-2 rec-
tifier, while the UDK-1 can be powered through the VDK-1 rectifier.

The intermediate station is powered either remotely with the terminal station

from a -60 volt source, or from local DC (-24 or -60 volt) or AC (through the
VDK-1 or VDK-2 rectifiers) sources. The DC consumption is 90 - 100 mA,
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A meter is provided in the terminal and intermediate equipment which permits
monitoring the power supply voltage and the transmit and receive levels.

Terminal and intermediate stations are intended for operation in heated rooms
and are housed in a rack or secured to a wall with a bracket.

Plug-in blocks with bulk mounting comprise the structural basis for the equip-
ment. An external view of the UDK-2 terminal station is shown in Figure 4.5.
The main structural data are given in Table 4.5.

TABLE 4.5. Structural Data for the UDK-l and UDK-2 Equipment

Equipment gﬁgiinoglocks Dimensions, mm Weight, Kg
UDK-1 terminal station 7 380 x 80 x 180 About 10
UDK-2 terminal station 16 460 x 190 x 225 About 25
UDK-2 intermediate station . . 81 460 x 95 x 225 About 12

! Without the power supply and protective unit (the ZPU) with dimensions of
286 x 125 x 115 mm.

The audio channel in the UDK-1 and UDK=-2
equipment is limited at frequencies of
4.9 and 5.4 - 5.5 KHz respectively. For
the case of one section, i.e. in the ab-
sence of intermediate amplifiers, the
audio channel can be used as a junction
channel between telephone exchanges.

With two to three amplified sections, the
audio channel can be used as a service
channel. If the intermediate station is
located at a junction telephone center,

a US, the audio channel can be used in
sections for organizing junction channels
on central exchange to junction center and junction center to terminal ex-
change sections.

Figure 4.5. General view of the
UDK~2 terminal equipment.

4.5, The V-2 and V-2-2 Equipment

The V-2 equipment (Figure 4.6) is intended for multiplexing short steel cir-
cuits between rural telephone exchanges with two HF channels. In this case,
the existing audio channel is preserved.

The equipment does not have any intermediate stations. Depending on the
diameter of the steel circuit conductors and the spacings between them, the

equipment assures the communications range shown in Table 4.6.

The equipment is designed around the group principle with the transmission
of one sideband into the line. The individual conversion of the audio
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Figure 4.6. General view of the V-2 equipment.

TABLE 4.6, The Communications Range spectrum of the first channel is
in Km when Multiplexing Steel Circuits realized by a 17.33 KHz carrier,
with V-2 Equipment while the conversion of the audio

spectrum of the second channel is
accomplished by means of a 26 KHz

Mpu paccron.lpcP¥, Araer [Tow zuaver- carrier, Individual balanced
Tiposonaus. |2 ¢ MM g modulators are designed around
1. ™ [waxe | won | maxe | wom transistors in a phase difference
" " circuit and for a frequency range
Min |[Max |Min .
20 22 17,5 |e7 9,0 offset from the carrier by 300 -
30 23,7| 7,9 |28,5] 9,5 ~ 900 Hz; they suppress’ the unused
60 26 |85 {32 |11 sideband 26 dB (3 Nep). The sup~
pression of the unused sideband in

a wider frequency range is accom-
Key: 1. For spacings between the conduc—~ plished by group filters. The two
tors of, cm; channel group which is formed, and
2. For a conductor diameter of 3 mm; which occupies a range of from
3. For a conductor diameter of 4 mm. 17.63 to 25.7 KHz, is transmitted
via the line directly in the B-A

direction. For transmission in the opposite A-B direction, the two channel
group is shifted by means of a 30.33 KHz carrier to a range of 4.63 - 12,7 KHz
(Figure 4.4.). All the carrier frequencies at each station are derived from
one master crystal oscillator at 17.33 KHz.

The transmission and reception of the ring and dial signals is accomplished
on the isolated signal channel at 4,000 Hz at a level of 6.0 dB (0.7 Nep)
below the measurement level. The distortion of the pulses transmitted via
the signal channel does not exceed * 6 msec.

The power supply is from -24 or -60 volt DC sources with voltage fluctuations

of from -10 to +20 %Z. The current consumption for one terminal station is
150 mA, and for the simultaneous operation of two signal channels, 270 mA.
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TABLE 4.7. Basic Characteristics of the V-2 Equipment

Characteristic’ Unit of Magnitudes
Measurement
Maximum gain at 25,7 KHz:
Under conditions of "summer-damp' dB (Nep) 34.7 (4.0)
Under conditions of "12 mm ice coating" dB (Nep) 42.6 (4.9)
Transmit level into the line (with respect
to power) dB (Nep) +4.3 (+0.5)
Input impedance from the line side ohms 800 or 180
Return loss factor, no greater than % 20
Peak factor of the group channel, no
less than dB (Nep) 10.4 (1.2)
Passband of the HF telephone channels Hz 300 - 3,400
Amplitude response characteristic of the Flat within 0.9 dB (0.1 Nep) when
HF telephone channels when the input level increases 7 dB
(0.8 Nep) above the measurement
level.
- Nonlinear distortion factor, no greater
than:
Total Z 3
Third harmonic distortion A 1

Internal noise voltage at the channel Mil1ld

X X illivolts
output at the point with a level of sobhometric 1
+4.3 dB (+0.5 Nep), no greater than psop

Isolation from audible crossovers be-

tween the channels, no less than dB (Nep) 60.8 (7.0)

A meter is provided in the equipment which permits monitoring the power supply
voltage, the transmission level, the residual attenuation of the channels, and
also permits carrying out a rough alignment of the equipment on the line by
means of setting the residual attenuation of the channels at a frequency of
800 Hz with an accuracy of * 1.3 dB (£ 0.5 Nep).

The equipment is designed for operation under fixed station conditions in heated
rooms at a temperature of from +10 to +40° C, and a humidity of up to 80%.

The equipment is structurally packaged in the form of an instrument which con-
sists of an HF block with dimensions of 412 x 170 x 245 mm and an audio block
fastened to it having dimensions of 336 x 48 x 245 mm, made in the form of a
support (Figure 4.6). All of the HF channel equipment is placed in the HF
block. Located on the front panel of the HF block are the meter and the adjus-
ting devices, the access to which is necessary when aligning and operating the
equipment.
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The audio block contains KNO [low frequency termination complex] circuits,
relays and instrumentation jacks for all three channels. Both blocks are
connected at the rear by a cable with 30 contact connectors. The HF block
is a plug-in design and can be removed from the housing. A 1.5 m long cable

terminating in a 30 contact connector is provided for connecting it into the
exchange circuitry.

The equipment can be set up on a desk, wall (shelf), as well as in a bay by
means of the angle brackets included in the equipment complement. The weight
of one terminal station is 15 Kg.

Produced for the V-2 equipment is the EK-V~2 operational complex, the comple-
ment of which includes a number of boards and blocks, as well as spare parts
(coils, capacitors, crystals, transistors, diodes, etc.).

TABLE 4.8. The Lengths of Amplified Sections and the Communications Range
When Multiplexing Steel Circuits with V-2-2 Equipment

1. Llens
Koagw. ycasim?. Hausn yeuan-|  Nanwrocts
Y9aCTKOB TELELIR CBSSH, KM
d, wm a, oM YUaCTKOB, KM
' a, cm 2. 3. - 4.
- 20 23,8 23,8
30 i 1 25,0 25,0
60 ] ' 27,4 27,4
7 20 21,8 43,6
. : 3 30 2 22,9 45,8
. 60 : _ "~ 25,0 ‘50
20 . 20,4 61,2
30 3 . 21,7 65,1
60 - 23,8 71,4
- 20 ) : 28,6 28,6 .
30 1 30,0 30,0
60 | s 33,4
4 =
20 . 26,1 52,2
= 30 2 © 27,4 54,8
60 o . 30,5 81
20 . . 24,8 74,4
30 3 "~ 26,0 78
60 29,0 87

Key: 1. Circuit; 2. Number of amplified sections; 3. Lengths of the
amplified sections, Km; 4. Communications range, Km.
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The V-2-2 equipment, just as the V-2 unit, is intended for multiplexing steel
circuits with two HF telephone channels, but has a flat ARU and is designed
for the capability of increasing the operational range by using one or two
unattended intermediate stations. The characteristics of the equipment are
given in Table 4.7. The lengths of the amplified sections and the communica-
tions range are given in Table 4.8.

For the control of the ARU devices via the line in the A-B and B-A directions,
control signals at 8.67 and 21.67 KHz respectively are transmitted at levels
6.0 dB (0.7 Nep) below the measurement level, In the B-A direction, automatic
gain control is realized both at the terminal and the intermediate statioms,
while in the A-B direction, only at the terminal station. The receivers of
the monitor channels for the lower and upper transmission directions are iden-
tical and are controlled by the 21,67 KHz control signal. The error in ARU
operation does not exceed * 0.9 dB (+ 0.1 Nep) when the conditions on the line
change from "winter-dry" to "12 mm ice coating".

The V-2-2 equipment differs from the V-2 equipment in its electrical and struc~
tural refinements.

The electrical power supply for the terminal station is a 24 or 60 volt (-10 to
+207%) source; the current consumption is 330 mA (when the call-up devices oper-
ate, 80 mA). For an intermediate station, the voltage for a "two conductors -
ground" circuit from the terminal station is -60 volts (-10%, +20%), and from
local sources, 25 or 60 volts (-10 to -+20%). The current consumption is 85 mA.
The DC resistance of the remote supply circuit for "two conductors - ground"
should not exceed 350 ohms.

A meter is provided at the terminal station which permits monitoring the regu-
lated power supply voltages (-18 and -22 volts), the remote supply current and
the current through the ARU termistor. Also provided is the capability of
checking the proper operation of the terminal station "into itself", including
the group equipment. Automatic monitoring of the group channel provides for
the operation of alert signaling and blocking of the channels in case the con-
trol current is lost.

The terminal station (0V-2-2) consists of 12 plug-in blocks (Figure 4.7a).
One of the blocks is an engineering block for connecting the removed blocks
into the station circuitry during alignment and repair. Located on the front
panels of the blocks are instrumentation sockets, a meter and adjustment con-
trols. The back of the station is closed off by a wall.

The intermediate station (PV-2-2) consists of seven plug-in blocks (including
the engineering block), two soldered in line protection blocks, and are made
in fashion structurally similar to the terminal station (Figure 4.7b). The
majority of the blocks of the terminal and intermediate equipment are modular
and interchangeable,

The dimensions of the terminal and intermediate stations are identical and
equal to 550 x 214 x 230 mm, while the weights are 20 and 15 Kg respectively.
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Figure 4.7. General view of the V-2-2 equipment:
a) Terminal station; b) Intermediate station.

The terminal and intermediate stations can be set up in a bay, on a wall (shelf)
or desk, and are designed for operation in rooms at a temperature of from +10
to +40° C, and a humidity up to 80%.

The audio channel in the V-2 and V-2-2 equipment is limited to 3 KHz. Just as
in the UDK equipment, the audio channel on one amplified sections can be used
as a junction between telephone exchanges, and as a service channel in the case
of two or three amplified sections. When the intermediate station is located
at the telephone junction center, the US, it is possible to use the audio chan~
nel in sections for organizing junction lines between a central exchange and

a junction center, and between a junction center and a terminal exchange.

4.6. The STN-2 and ST-5 Racks

The STN-2 and ST-5 racks are intended for the housing and operational servicing
of the V-2, V-2-2, PV-2~2, UDK~2 and PS~UDK-2 low capacity rural telephone com-
munications equipment. Two stations each can be installed in the STN-2 wall
type rack, while the floor type ST-5 rack can house up to 5 — 6 stations of any
of the types enumerated above.
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The racks contain the instruments and devices which are necessary for:
—- Making check measurements of the multiplex equipment;
-— Remote measurement of the residual telephone channel attenuation;

-- Conducting service telephone conversations via the audio and HF channels
of the equipment installed in the rack;

—- Setting up phantom circuits;

—— Establishing protection against dangerous and interfering voltages in ac-
cordance with GOST 5238-66;

—— Organizing the rack, ordinary and overall exchange signaling.

The STN~2 rack is powered from a 22 - 34 volt exchange battery, and the ST-5
rack, from the AC mains at a voltage of 120/220 volts (+10%, -15%) with the
capability of automatically switching over to exchange battery power at 22 -
- 34 volts or 54 - 72 volts in case the mains voltage drops by 15% or fails
altogether. It is possible to set up remote powering of the intermediate
stations at a voltage of -60 volts from the V-2-2 and UDK-2 terminal stations
installed in the ST-5 rack.

The main equipment complement of the racks is given in Table 4.9.

Additionally installed in the ST-5 rack is a power supply panel, which con-
tains:

-— 22 - 36 volt or 54~ 72 volt rectifiers for supplying the multiplex equip-
ment stations;

-~ A 24 £ 1 volt rectifier for supplying the instruments and other components
installed in the rack;

-— a 47 - 60 volt rectifier for the remote control of the measurements of the
residual attenuation of the channels.

Two-wire break jacks are provided in the racks for the audio and HF channels,
and for the line circuits, as well as load resistors of 120, 600, 800, 1,000
and 1,400 ohms. Remo

Remote measurements of the residual attenuation are possible in systems without
intermediate stations, where these measurements should be carried out from the
ST-5 rack. The STN-2 and ST-5 racks have a weight of no more than 40 and 120
Kg respectively, and dimensions of 810 x 650 x 240 and 2,150 x 650 x 240 (with-
out protruding parts). The racks can also be used for mechanically securing
the UMS-1, UMS-3 and UMS-5 bridging amplifiers.

4.7. The V-3-3S Equipment

Function: The equipment is intended for multiplexing open wire steel circuits
with three HF telephone channels in a spectrum of up to 30 - 31 KHz. The
equipment also permits the organization of six HF telephone chanmels on type
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TABLE 4.9. Equipment Complement of the Racks

Equipment STN-2 ST-5
An 800 Hz signal generator with a zero
output level and an output impedance of 1 Unit 1 Unit
600 ohms!

Level meter for a frequency range of

0.3 - 3.0 KHz and a measurement range of

from ~-43.4 to +26.0 dB (-5 to +3 Nep), with - 1 Unit
a 600 ohm and high impedance (greater than

7 KOhms) dinputs

Intercom and call-up unit 1 Unit 1 Unit
Line transformers 2 Units 6 Units
Phantom transformers 1 Unit 2 Units?

Input and protection device for steel cir-

: . . .. .3
cuits, which are multiplexed up to 30 KHz For 2 circuits For 6 circuits

1 Attenuator pads are provided in the racks for reducing the output level to

-13 dB (1.5 Nep).

A position is provided in the ST-5 for the installation of a third phantom
transformer.

The ST-5 rack is supplied without the input, switching and protection panel,
the VKZ. The need for a VKZ panel for six physical circuits is specified
when ordering. The VKZ panel is installed at the position set aside for the
first station.

VISP and KSPP single quadded cables when multiplexing with two systems.

The effective passband which can be transmitted is 300 - 3,400 Hz; the equip-
ment is designed for secondary multiplexing with multichannel audio frequency
telegraphy and facsimile signals. With secondary multiplexing, one telephone
channel can be occupied simultaneously.

To facilitate the operational conditions for parallel circuits strung on the
same poles, four variants of the line spectrum (Figure 4.4.) are provided in
the equipment.

The terminal stations (0V-3-3S) are equipped with dual frequency, flat-sloped
ARU devices [AGC devices] and have a transmission level of +16,5 dB (+1.9 Nep)
(with respect to power). The remotely powered, intermediate amplifier stations
(NUP V-3-3S) do not contain ARU devices and have a nominal (maximum) transmis-
sion level of +4.3 dB (0.5 Nep). The maximum number of unattended amplifier
stations between terminal stations is two.
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TABLE 4.10. Maximum Lengths of Amplified Sections and the Communications
Range When Multiplexing a Steel Circuit, d = 4 mm, a = 20 cm
Using V-3-3S Equipment (Channels Without Companders)

1 Hdnuua, KM/aaryxaHie, pb ,81?4‘;(“ 2.
OGopynosanue ) ANA yHacTia xm){ggﬁb
: sar
Equipment R i 43

31,6

3. Ipe oxouennne craHuun Ges HYIT 81,8 - - m
4, Ihe OKOHEuHbE CTAHIRE C OFHHM S A9 — .50
HYDl 45,8 28,1 - 73,9
5 ,,Jipe OxoHeuHLe CTAHUMU O ABYMS 30,8 18,6 16,5 85.8
Hyn 45,1 27,4 24,3 96,8

Key: 1. Lengths, Km/attenuation, dB, for a section:; 2. Overall length, .
Km/total attenuation, dB; 3. Two terminal stations without an NUP
[unattended amplifier station]; 4. Two terminal stations with one
NUP; - 5. Two terminal stations with two NUP's.

Note: The attenuation magnitudes are given for conditions of "25 mm ice
coating.

The V-3-3S equipment was designed around the V=-3-3 equipment. The majorit

of the V-3-3 and V-3-3S equipment blocks are standardized. In contrast to the
V-3-3 equipment, in which the transmission of the call-up and dialing signals
is realized within the passband of the telephone channel at a frequency of
2,100 Hz, used for this purpose in the V-3-3S equipment is an isolated signal’
channel operating at 3,825 Hz.

Range: The equipment provides for the organization of communications over one,
two, or three amplified sections. The lengths of the amplified sections and
the range for various cases where the equipment is used are given in Tables
4,10 - 4.131. In a number of cases, the length of the amplified sections is
limited by the DC resistance of the two-wire loop, the magnitude of which should
not exceed 840 ohms under worst case conditions to provide for transmitting the
remote power. For steel circuits with conductor diameters of 3 and 4 mm, this
corresponds to 18.8 and 33.5 Km, while for VISP and KSPP cable, 26.3 and 14.7
Km. For practical project planning, the DC resistance of the cable feed-ins

and inserts should be taken into account where necessary.

The range of the V-3-3S equipment can be increased by approximately two times
if a type PV-3-3 attended intermediate amplifier station is employed, which is
included in the equipment complement of the V-3-3 long distance equipment.

The PV-3-3, just as the OV-3-3S, is equipped with a flat-sloped ARU and has a
transmit level of +16.5 dB (+1.9 Nep); the minimum receive levels of these
stations are the same, -37.3 dB (~4.3 Nep) at a frequency of 31 KHz, or -54.7 dB

! The line sections in these tables are numbered in the B-A direction.
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TABLE 4.11. The Lengths of Amplified Sections and the Communications Range
When Multiplexing Steel Circuits with the V-3-3S Equipment
(The Channels are Equipped with Companders)

1 3 KOB, KM,
Cir g&]}ft é ; 2. Tanup ycm:;&;;:gg:&uag g:’;;tm:;"
d,;wm | a, ou g7 1 no 1 3.
20 0+33,4 —_ - 0-33,4
3 30 - 0+35,1 —_ - 0+35,1
60 0+38,6 - J -  0+38,6
0
20 0--40] - — 040
4 30 042,11 | - - 0242, 1
60 047, 1 - - 047, 1
20 8,4=18,8 8,4+18,8 - 16,8+37,6
3 30 8,7+18,8 8,7+18,8 - 17,4+37,6
60 9,7<-18,8{ 9,7--18,8 - 19,4=37,6
1
20 10+33,5 10225 - 20258, 5
4 30 10,5=33,5| 10,5%26,3 - 21+59,8
60 12+33.5 1229, 8 - 24-63,3
20 8,4=18,8 8,421 8,4+18,8 | 25,2+58,6
3 30 8,7+18,8 8,7=21,7 8,7+18,8 | 26,1+59,3
60 9,7-~18,8 9,7--24,2 9,7=18,8 | 29,1=61,8
20 ? 10—33,5 1025 10525 3083, 5
.4 30 10,5=33,5 | 10,5+26,3 | 10,5+26,3 | '31,5%86,1
60 12+33,5 12229, 8 124-29,8 36--93, I

Key: 1. Number of unattended amplifier stations; 2. Lengths of the
amplified sections, in Km, for a section of:; 3. Communications
range, in Km.

(6.3 Nep) under especially severe conditions, and the other characteristics
are the same. The PV-3-3 station can supply remote power to NUP's [unattended
amplifier stations] with one NUP on each side. Two such stations can be in-
stalled in a bay.

A long line can be broken down into two sections by means of the PV-3-3 station:
Terminal station -- One (two) NUP's -- PV-3-3, and PV-3-3 -~ One (two) NUP's —-
Terminal station. The PV-3-3 station makes it possible to increase the number
of amplified sections up to six. So that noise in channnels without companders
does not exceed the permissible limits, the attenuation of the first amplifier
sections in each stage (Table 4.10) should be decreased by 3 dB (0.35 Nep) when
using the PV-3-3 station. For channels equipped with companders, this limita-
tion is not applicable, but the overall communications length should not exceed
160 Km (on a steel circuit, d = 4 mm, a = 20 cm, Table 4.11).
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TABLE 4.12. The Lengths of Amplified Sections and the Communications Range
When Multiplexing Underground Single Quadded VISP and KSPP Cables
Using V-3-35 Equipment (Channels Without Companders)
Type of JIIMHH YCHIIMTENbHBIX YHAaCTKOB, KM
Tun KabGens ) Kﬂg}ﬁ' 2 . A1 yHacTkos na?l&::i(gén
Cable. 1. I Al L mmj .KM
4, BTCIHI Ix4x1,2| 0 0425, 2 - - 25,2
5, BTV 21.3.59 1 8,425 10+17,4 - 42,4
2 8,4+23,6 | " 10+17,4 10:16,3 67,2 -
4+ Bren Ixaxtz| o 0+29, 4 - — 29,4
MPTY a1 11+26,3 , 720, -
6. 1o.505.010~61 | * . ; _ 12.7+20,4 46,7
_ 2 ;| 11+26,3 12,7421 12,719, 4 571)
KCHr 0 0--23,2 — - 23,2
* 1X4X0,9 1 10+20,6 116 - 35,31
2 < 10514,7 11=16,6 11314,7 10Y)
Key: 1. Number of unattended amplifier stations; 2. Lengths of the amplified

sections, in Km, for sections of:;
4, VSTP 1 x 4 x 1.2;

5. VIU 21.3.59;

3. Maximum communications range, Km;

6. MRTU 16.505,010-64;

7. KSPP 1 x 4 x 0.9.

! The maximum communications range is less than the sum of the maximum lengths
of the individual sections, since it is limited by the control range of the
slope equalizer, which is inserted in the receiving equipment of the terminal

station at B.
2 The length of one of the amplified sections should not exceed 14.7 Km.

TABLE 4.13. The Lengths of Amplified Sections and the Communications Range
When Multiplexing a VISP (MRTU 16.505.010-64) Open Wire Cable
Using the V-3-3S Equipment (Channels Without Companders).
2 i JINMHHL YCHANTENBHHX YYacTKOB, KM

Koanu. HYTI Aaﬁﬁ::gg&a:é:};g:

. 1 l )] , it} q KM

0 | 115262 - - 26,2

1 | t1+21,7 12,7415,2 - 36,9

2 : 1119 l 12,7415,8 | 11+12,4 47,2

Key: 1. Number of unattended amplifier stations; 2. Lengths of the amplified
sections in Km; 3. Maximum communications range, in Km.

Note: The swing in the temperature change of the cable over a year is taken
as 80° C.
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Figure 4.8. The group frequency conversion of the V-3-3S equipment.

Frequency Conversion and Line Spectrum: The individual conversion of the

HF spectra of the three telephone channels is accomplished by carriers at 12,
16, and 20 KHz, and the upper sidebands are used for the transmission. The
three-channel group occupying the 12 - 24 KHz passband is shifted in the first
group conversion to an intermediate frequency range of 84 - 96 KHz (Figure
4.8). A carrier frequency of 108 KHz is used in this stage to derive variants
I and II of the line spectrum, while for variants II and IV [sic, probable
intention: 'variants III and IV'], a 72 KHz carrier is used. Following con-
version, the corresponding upper and lower sidebands are used. The second
stage of the group conversion serves for shifting the three~-channel group
from the intermediate frequency range of 84 - 96 KHz to the line spectrum. In
all variants of the line spectrum, a 100 KHz carrier is used to convert the

TABLE 4.14. Group Carrier Frequencies, KHz

Bapuaurw nunefiHoro cuekTpa

1 | m m Y

Cryness rpynnosoro : 2
l. npeospasonaHHA wacTor

Hepaas First - 108 72 108 . 72
Bropas p

panprencioC S04 ' 100 100 100 100
3

./, manpasnenye B—A 114 114 118 116

Key: 1. Group frequency conversion stages; 2. Line spectrum variants;
3. A-B direction; 4. B-A direction.

three channel group to the 4 - 16 KHz range for the lower A-B transmission
direction, while for its conversion to the 18 - 30 KHz (variants I and II)
range for the upper B-A direction, or 19 - 31 KHz (variants III and IV), car-
riers at 114 or 115 KHz respectively are used.
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The group carrier frequencies required for deriving any line spectrum variant
are given in Table 4.14.

Characteristics of the Channels:

Amplitude~frequency response with re-
spect to the attemuation at f = 800 Hz:

Response in excess, by no more than: 2.2 dB (0.25 Nep) (300 - 400 Hz, and
3,000 - 3,400 Hz)
1.8 dB (0.2 Nep) (400 - 600 Hz, and
2,400 ~ 3,000 Hz)
0.9 dB (0.1 Nep) (600 - 2,400 Hz)

Response low, by an amount no more

than: 0.9 dB (0.1 Nep) (300 - 3,400 Hz)
Nonlinear distortion factor, no more
than:

Total 2%

Third harmonic 17
Amplitude characteristic when the Flat within * 0.35 dB (0.04 Nep), when
amplitude limiter is switched out the input level increases 7 dB (0.8 Nep)

above the measurement level.

Internal noise voltage of the terminal
equipment at the +4.3 dB level point,
no more than 1 millivolt, psophometric

Isolation against audible crossovers
between the channels, no less than 65 daB (7.5 Nep)

Isolation between the transmit direc-~
tions of one channel at £ = 800 Hz,
no less than 52 dB (6.0 Nep).

The call-up ringing and dial signals are transmitted via an extracted signal
channel at a frequency of 3,835 Hz at a level 10.4 dB (1.2 Nep) below the
measurement level. To protect the call-up and dial signal receiver against
false actuation due to the speech signals, an amplitude limiter, Ogr, and a
band exclusion filter, ZF, with maximum attenuation at the 3,825 Hz frequency
(Figure 4.9) are inserted at the input of the telephone channel.

The call-up and dial signals are converted to a range of 12 - 24 KHz (15,825,
19,825 and 23,825 Hz respectively for the first, second and third channels),
and then along with the ARU 12 and 24 KHz control signals are inserted in the
channel at the input to the group equipment, bypassing the individual filters.
The call-up and dial signals are converted by means of the individual modula-
tors, M) = M3, which are fed by the corresponding individual carriers, while
the separation out of the upper sideband components being used is accomplished
by filters F1 - F3. Amplifiers Usy - Us3 perform the functions of static re-
lays. When the control contacts Kj - K3 of the RSL [connector relay] are open,

i
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Figure 4.9. The call-up and dial signal transmission circuitry in
the V-3-35 equipment.
Key: 1. Input 13 2. Input 2; 3. Input 3; 4. Ogr [limiter];
5. ZF [stop band filter]; 6. Individual transmitting equipment;
7. Group transmitting equipment; 8. Group receiving equipment;
9. Individual receiving equipment; 10. Output 1; 11. Output 23
12, Output 3; 13. To the 12 and 24 KHz control channel receivers;
14, DS; 15. UsI, [Amplifier I]; 16. GD [?group detector?];
17. F-1 [filter 1]; 18. Tr [transformer]; Ilp; = Receiver 1;
Yc1 = Amplifier 1; Mj = Modulator 1.

the amplifier of the given channel is cut off, and when closed, a 3,825 Hz
signal is passed from the output of the G-3825 signal generator to the modu-
lator input.

The call-up and dialing signals are separated out at the receive station along
with the control signals, from the output of the group equipment, and are am-
plified by a common amplifier, UsI, which contains three resonant circuits.

In the group demodulator, which is fed by the 24 KHz carrier signal, the
15,825, 19,825 and 23,825 Hz signals are converted to frequencies of 8,175,
4,175 and 175 Hz respectively. Following amplification by a common amplifier,
UsIIl, to the output of which three resonant transformers are connected, the
signals are fed to the inputs of the corresponding receivers, Prj - Pr3, which
convert the AC pulse train to DC pulses. Inserted at the output of each re-
ceiver is an individual point relay, R} - R3. The distortion in the trans-
mitted pulses does not exceed * 6 msec. '

The generator equipment supplies the two systems with all the individual and
group carrier signals. All the carriers and control signals are derived as a
result of converting the main 4 KHz signal frequency, which is the product of
dividing the frequency of a master 8 KHz crystal oscillator having a frequency
stability of < 3. 1072 (Figure 4.10). The individual 12, 16 and 20 KHz car-
riers are formed by multiplying the 4 KHz signal frequency, the 72 and 108

KHz group carriers are obtained by the sequential multiplication of the 12 KHz

N
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Figure 4.10. Circuitry for the derivation of the carrier frequencies
in the V-3-3S equipment.
Key: 1. ZG-8 [8 KHz master oscillator]; 2. 24 (control frequency).

signal frequency, and the 100 KHz group carrier by means of multiplying the
20 KHz signal frequency.

To derive the 114 and 115 KHz carriers, the frequencies of which are not mul-
tiples of 4 KHz, an auxiliary 60 KHz signal is used, which is the third har-
monic of the 20 KHz multiplier. The 115 KHz carrier is derived by converting
the 100 KHz and 15 KHz carrier frequencies, where the 15 KHz signal is the
result of dividing the 60 KHz signal frequency by four. The 114 KHz carrier
is derived by converting the 144 KHz signal (the second harmonic of the 72 KHz
carrier) and the 30 KHz signal frequency (the second harmonic of the 15 KHz
signal).

An amplitude regulated individual carrier signal at 12 KHz, and its second har-
monic, are used as the station ARU [automatic gain control] 12 and 24 KHz con-
trol signals.

A dual frequency flat-sloped ARU provides for the stability of the residual
attenuation of the channels when the line attenuation changes. The 12 and

24 KHz ARU control signals at the transmitting terminal station are fed to the
input of the first group frequency conversion stage at levels of 15 dB below
the measurement level. The frequencies of the control signals transmitted on
the line are 4 and 16 KHz for the A-B transmission direction, and, depending

on the line spectrum variant, 18 and 30 KHz or 19 and 31 KHz for the B-A direc-
tion. The 12 and 24 KHz signals at the receive station which have been separa-
ted at the output of the group channel, are used for ARU, where the 24 KHz sig-
nal in all line spectrum variants serves for flat adjustment, while the slope
regulation devices are controlled by the difference in the levels of the con-
trol signals.

The ARU is a thermo-electromechanical type, and when the levels being monitored

deviate from the nominal values, a two phase induction motor for the flat or
slope regulation is started, which rotates the slides of potentiometers inserted

- 216 -



in the heating circuit of thermistors. The change in the resistances of the
working elements of the thermistors controls the flat gain and the slope of
the frequency response of the receiving equipment. The ARU motors are powered
from a 400 Hz transistorized generator.

The sensitivity of the ARU circuitry is #0.35 - 0.6 dB (0.04 - 0.07 Nep), while
the limits for flat and sloped control amount to no less than 26 and 20 dB re-
spectively (3 and 2.3 Nep). The operation of the ARU circuit is blocked when
the flat regulation control signal level changes sharply by more than *3.5 - 5.2
dB (0.4 - 0.6 Nep), as well as when any of the control signals are lost. A pro-
vision is made for the capability of switching the ARU out and going over to
manual control.,

The intermediate unattended amplifier:
Amplifier characteristics:

Maximum gain at £ = 31 KHz, no less than 34.7 dB (4 Nep)

Length of the preceding amplified section
using a steel circuit, d = 4 mm, a = 20 cm:

In the A-B direction 10 - 25 Km

In the B-A direction 10 - 33.5 Km
Maximum transmit level for the conditions +4,3 + 0.9 dB (0.5 =+ 0.1 Nep)
"winter—--dry" (with respect to power) flat within 0.43 dB (0.05 Nep)

when the level is increased 13
dB (1.5 Nep) above the measure-
ment level.

Attenuation through the feedback loop, no

less than:
Within the useable passband 26 dB (3 Nep)
Outside the useable passband 17.3 dB (2 Nep).

The input impedance of the terminal and intermediate equipment on the line side
is 800, 150 or 100 ohms. The return loss factor in the working passband does
not exceed 20% for the terminal stations and 25% for intermediate ones.

The terminal stations are powered from the AC mains at 50 Hz and 220 or 127
volts (+10 to -207%). A station storage battery with a voltage of -24 or -60
volts (+20 to -107%) can serve as a standby power supply. Where -60 volt bat-
tery power supply is used, the equipment is connected to the -24 volt lead,
while the remaining part of the battery is loaded into a ballast resistor for
uniform discharging, where the ballast resistor is located at the input termi-
nal blocks of the equipment. A provision is made for the ability to automatic~-
ally switch the power supply over to the storage battery in case the AC mains
voltage decreases or is lost, as well as the ability to switch back when the
AC mains voltage is restored.

All equipment units are supplied with a regulated voltage of -19 volts + 2%,
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The power consumed by one terminal three-channel station when powered from the
mains, from a -24 volt battery and a -60 volt battery, is 50, 35 and 85 watts
respectively. Taking the power for the NUP [unattended amplifier station] into
account, these power requirements increase to 75, 50 and 125 watts respectively.

The NUP is remotely powered by DC using a "wire—-wire" configuration. In the
case of two NUP's, each of them is powered from the nearest terminal station.

The power supply circuits for the amplifiers of two transmission directions are
connected in series. The supply voltage at the NUP input can have any polarity
and is 40 volts; the remote supply current is equal to 40 mA.

The remote supply voltage is derived at the terminal exchange by means of con-
verting the regulated DC -19 volts, and is 80 volts. 1In the case of a loss of,
or impermissible increase in the remote supply current, signaling actuates at
the terminal station indicating a line break or short circuit.

Construction of the Terminal Equipment. The terminal
equipment is housed in a rack with dimensions of 2,150 x
x 650 x 250 mm (Figure 4.11). The rack is made in the
form of a cabinet without a front wall, Horizontal bot~-
tom plates (shelves) for mounting the plug-in blocks and
connecting them into the station circuitry are installed
between the vertical sides. The rack mounting is posi-
tioned in the side recesses of the chassis and in the in-
ternal recesses of the bottom plate. The mounting of the
bottom plate is terminated at the front face with 8-jack
sockets.

The equipment assemblies, made, as a rule, using pertinax
[bakelite] printed circuit boards are built up in blocks.
The mounting of each block is terminated at the front face
with 8-jack sockets. The block is comnected into the cir-
cuitry by means of two-pin plugs which connect the block
mounting and the base.

The racks are produced already built-up with one or two
three-channel stations. A rack with one station is de-
signed for installation with the expansion option of a
second station.

Figure 4.,11.

General view of the The weight of the rack built up with one or two three-
V-3-3S terminal sta- channel stations does not exceed 105 and 185 Kg respec-
tion equipment (for tively.

three channels).

The terminal equipment is intended for installation in heated rooms where the
ambient temperature varies from +10 to +40° C and at a humidity of up to 80%.

The rack is equipped with visual and audio signaling, a PVU call-up and inter-
com unit, and an instrument for the entire rack which consists of an 800 Hz
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generator and a switchable voltmeter, making it possible to measure levels
within limits of = 6 dB (¢ 0.7 Nep), as well as the AC and DC supply voltages,
carrier levels, etc.

The NUP construction is designed for the capability of installing it in un-
heated rooms. A NUP is made in the form of a metal base with brackets for
securing it to the wall. The blocks are positioned between two side walls and
are enclosed by a housing. All the blocks are hermetically sealed at the point
where the housing makes contact with the base, a rubber gasket is provided, and
the cable is brought in through seals.

Placed in the NUP is the intermediate equipment for one three-channel system.
The NUP dimensions, including the brackets, are 335 x 295 x 560 mm, and the
weight is 20 Kg.

The audio channel passband is limited to 2,700 Hz; since the audio channel is
not designed for passing inductive dialing and inductive ring~-up signals, it
can be used only as an auxiliary channel, for example, for service communica-
tions. The audio channel at terminal stations and NUP's is provided with a
transformer having the center tap brought out for DC telegraphy in case remote
power is lacking.

The equipment complement. Included in the complement of the main equipment
are:

—-— The terminal station with ARU, the OV-3-3S with the power supply (PU) and
matching autotransformer (AT);

—— The unattended amplifier station, NUP V-3-3S, with devices for the trans-
mission and conversion of the remote power (DP and PDP), which are installed
at the terminal station.

Supplied on separate order are:

—— The complex of blocks for extending the terminal station with ARU, including
the PU and AT, and providing for the derivation of three additional channels
(without generator equipment);

—- Line matching units (the LUS's);

—— The compander block;

-— The block for equalizing curvilinear distortions, the VKr, (used for equal-
izing the frequency response of the cable in a range of 4 - 16 KiHz).

4,8. The V0-3-4 Equipment

Function. The equipment is intended for multiplexing steel circuits, as well
as nonferrous metal circuits, with three HF telephone channels in a spectrum
up to 30 - 31 KHz. Any of the telephone channels, having an effective trans-
mission passband of 300 ~ 3,400 Hz, can be multiplexed with multichannel tele-
graph signals.
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Four variants of the line spectrum are provided in the equipment: A, B, C and
D, (Figure 4.12.). Just as in the V-3-3S equipment, the telephone signals are
transmitted in the lower channel group (the A-B direction) in the 4 - 16 KHz
spectrum, and in the upper channel group (the B-A direction) in the 18 - 30 or
19 - 31 KHz bands. Variants A and D coincide with variants I and IV respective-
ly of the line spectrum of the V-3-3S equipment, while variants B and C differ
from variants II and IIT of the V-3-3S by the frequency inversion in the lower
group. Also provided in the line spectrum of the VO-3-4 equipment are sections
480 Hz wide for the capability of organizing 3 - 4 tome telegraphy channels
outside the passband of the telephone channels (these are not used on a rural
network). Transmitted via the line in the A-B and B-A directions for all line
spectrum variants are the control signals for the ARU at 16.11 and 31.11 KHz
respectively, and the monitor measurement signals at 3.81 and 17.81 KHz for
measurements and manual control.
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Figure 4.12. The frequency conversion and line spectrum of the
V)~3-4 equipment.
Key: 1. Sections of the spectrum for three to four telegraph channels.

A provision is made on steel rural communications circuits for the use of ter-
minal and intermediate stations of both the unattended and the attended types.
Terminal stations (VBO-3-4) [Latin letters used for VBO, NBO and FBO equipment
designations] are equipped with a single frequency flat-sloped ARU and have a
transmit level of +16.5 dB (1.9 Nep) (with respect to power). Unattended in-
termediate amplifier stations with a remote power supply (NBO-3-3) do not con-
tain ARU devices and are designed for a nominal (maximum) transmit level of
+4.3 dB (0.5 Nep) (with repsect to power). An attended intermediate amplifier
station (FBO-3-2), just as the terminal station, is equipped with an ARU, and
has a transmit level of +16.5 dB (1.9 Nep). The minimum receive level at a

frequency of 31 KHz for terminal and attended intermediate stations is ~49.5
dB (-~ 5.7 Nep).

Using terminal stations and NUP's, it is possible to organize communications
with two or three amplified sections. The application of attended intermediate
stations makes it possible to increase the number of amplified sections up to
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four to six. The maximum number of NUP's between two terminal stations, or
between a terminal and attended intermediate station, is two. Each NUP is
powered remotely from the nearest terminal or attended intermediate station.
To suppress noise in the telephone channels, and increase the range, a pro-
vision is made in the equipment for the option of using companders.

The transmit and receive levels, the characteristics of the amplifiers and the
equalizing devices of the V0-3-4 equipment coincide or are close to similar
data for the V-3-3S equipment. In establishing the communications range and
the lengths of amplified sections in various cases, the applications for VO-3-
-4 equipment can be guided by Table 4.10 and 4.11, which are given for the
V-3-3S equipment.

The equipment is supplied by the Hungarian firm, Budavox.

Frequency conversion and generator equipment. The frequency conversion circui-
try is configured just as in the V-3-3S equipment, based on a three channel

12 - 24 XHz group using an intermediate frequency range of 84 - 96 KHz (Figure
4.12). The distinction noted in the line spectra is explained by the fact that
in variants B and C, used as carriers in the VO-3-4 equipment during the first
group conversion are 108 72 KHz respectively, at the same time as the 72 and
108 KHz carriers are used in the II and IIT variants of the V-3-3S spectrum.

So that the values of the control frequencies on the line for all spectrum vari-
ants are the same, fed to the input of the second group conversion stage in the
transmitting equipment at a level 15 dB below the measurement level are control
signals at the following frequencies: at station A, 83.89 and 96.19 KHz; at sta-
tion B, 83.89 and 97.19 KHz for line spectrum variants A and B, and 82.89 and
96.19 KHz for variants C and D. The ARU line control signals at 16.11 and 31.11
KHz are derived by converting the 82.89 and 83.89 KHz generator control signals,
while the line monitor and instrumentation signals for manual control at 3.81
and 17.81 KHz are derived as a result of converting the 96.19 and 97.9 KHz gen—
erator control signals.

A thermostatically controlled crystal oscillator at 4 KHz is used as the master
oscillator. The individual carriers at 12.16 and 20 KHz, and the group carriers
at 72 and 108 KHz are derived from the 4 and 12 KHz harmonic generators respec-
tively. The group carriers at 100, 114 and 115 KHz are derived from individual
thermostatically controlled crystal oscillators. The instability in the 4 KHz
master oscillator and group carrier generators does not exceed 2 - 10~0/month
following continuous operation for half a year. All four control signals are
generated by individual crystal oscillators which are not thermostat controlled,
having a frequency instability of no more than 4 - 10-5/month.

Channel Characteristics:

Amplitude-frequency distortion in the Within limits of 2/5 of MKKTIT standards
300 - 3,400 Hz range '

Total nonlinear distortion, no more 2 7.
than ’
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Amplitude response when the amplitude Straight line within * 0.3 dB (0.035

limiters are switched out Nep) when the input level increases
7 dB (0.8 Nep) above the neasurement
level

Internal noise voltage of the terminal
equipment at the +4.3 dB (+0.5 Nep)
level point, no greater than 0.7 millivolts, psophometric

Isolation from audible crossovers be-
tween channels, no less than 65 dB (7.5 Nep)

Isolation between transmission direc-
tions for one channel at f = 800 Hz,
no less than 54 dB (6.2 Nep).

The call-up and dial signal transmission system is designed around a universal
circuit configuration and operates both in the passband of the telephone chan-
nel at 2,100 Hz, and outside the passband at a frequency of 3,825 Hz. In both
cases, .the signals are transmitted via the HF channel at a level 6 dB (0.7 Nep)
below the measurement level. A provision is made for the capability of chang-
ing over from one operational variant to another by means of resoldering.

In the second variant, the transmitting equipment consists of a 3,825 Hz oscil-
lator and three, according to the number of channels, static relays. The output
of each relay is connected to the line for the corresponding channel at the
point between the output of the D-3.4 filter, which serves for protecting the
signal channel against noise from the telephone signal side, and the input of
the individual modulator. When the "ground" potential arrives from the RSL
[connector relay], the static relay opens and passes the signal from the 3,825
Hz oscillator to the input of the individual modulator. On the receive side,
the receiver for the signal channel is connected to the telephone channel line
at the point between the output of the audio amplifier and the input of the
D-3.4 receive filter. Connected at the -output of the receiver is a hermetic-
ally sealed reed type relay which forwards the transmitted DC pulses to the
RSL. The distortion in the pulses transmitted via the signal channel does not
exceed + 6 msec. A provision is also made in the signal channel receiver for
an electronic output, which permits replacing the receive, hermetically sealed
relay with an external RPN type relay. The pulse distortions in this case in-
crease to +10 msec and =15 msec.

In contrast to the signal channel of the V-3~3S equipment, in which the dial
and call-up signals are introduced into the transmission line and are brought
out from it following and prior to the individual frequency conversions respec-
tively, i.e. in the 12 - 24 KHz spectrum, avoiding the channel filters for
transmit and receive, in the VO-3-4 equipment these signals are fed to the in-
put of the individual modulator, and are picked off from the output of the
audio amplifier. In comparison with the V-3-3S equipment, the channel filters
of which are designed for passing only the converted telephone signals in a
passband of from f. + 300 to f.o + 3,400 Hz (where f. is the individual carrier
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frequency), the upper limit of the passband for the channel filters of the
VO-3-4 equipment has been shifted up to f. + 3,825 Hz to assure passing the
call-up and dial pulses.

The single frequency, flat-slope ARU is of an electromechanical type with
variable equalizers, which can be controlled by means of a motor-capacitor
block. Used in the 3.81 KHz control channel receiver is a filter using coils
and capacitors, while in the receivers of the remaining three control channels,
single stage crystal filters are employed. The control range of the flat ARU
at 16 KHz amounts to 23.5 dB (2.7 Nep), while the control range for the slope
ARU in the lower group is 16.5 dB (1.9 Nep)., The control range of the flat
ARU at 31 KHz is 41 dB (4.7 Nep), while the control range for the slope ARU

in the upper group is 21 dB (2.4 Nep). Additiomally, in each of the two trans-
mission directions, an additional manual slope control of 11.3 dB (1.3 Nep) is
provided in steps of 1.3 dB (0.15 Nep) each. When the level of the control
signal decreases by 2.7 - 3.4 dB (0.3 - 0.4 Nep), the ARU is blocked. At the
extreme end positions of the motors, the ARU actuates signaling which indicates
that the control limits have been exhausted.

The Intermediate Unattended Amplifier
Amplifier characteristics:

Maximum gain, no less than

At f = 31.11 KHz 33 dB (3.8 Nep)
At £ = 16.11 KHz 22,6 dB (2.6 Nep)
Maximum slope of the gain in the
passband:
Of the upper group of channels 12.2 dB (1.4 Nep)
Of the lower group of channels 15.6 dB (1.8 Nep)

Maximum transmission level (with re-
spect to power) for "winter-dry"

conditions +4,3 dB (0.5 Nep)
Overload level +20 dB (+2.3 Nep)
Feedback loop attenuation, no less
than:
In the useable passband 20 dB (2.3 Nep)
Outside the useable passband 17.4 dB (2.0 Nep).

The input impedance of the terminal and attended intermediate stations is 800,
600, 150 or 100 ohms; the input impedance of an unattended amplifier stations
(a NUP) is 100, 150 or 800 ohms for a return loss factor of no more than 10%.

The electrical power supply for the blocks of the terminal and attended inter—
mediate stations is from the mains at 50 Hz * 5% and 110, 127, or 220 volts
* 10%, while the power for the signaling circuits of these stations is from
a =24 volt (+15%Z, -10%) DC source; when mains power is lost, the power supply
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for the equipment blocks automatically switches over to -24 volts DC (+15%,
-10%) or -21.2 volts * 3%,

A power supply mode is provided for the stations using only -24 volts DC (+25%,
-10%) without using the mains.

Appended to stations of the first production series was a separate block, by
means of which it is possible to organize the power supply for these stations
from -60 volt ATS batteries using a tap at the -24 volt point. In this case,
when the mains power is lost, the power supply of the given station is auto-
matically switched over to the -24 volt tap, while an auxiliary block connects
a ballast load to the battery between the -60 and -24 volt points, and provides
for its uniform discharging, as well as the signaling and protection of the
equipment against overvoltages at the moment ov switching. The dimensions of
the block are 490 x 640 x 225 mm, and the weight is no more than 28 Kg. In
stations of a later production series, all the power supply units are housed
in the rack along with the remaining equipment.

Remote powering of a NUP is accomplished using DC in a "wire—wire" circuit
configuration. The remote power supply current is 40 mA, while the nominal
voltage is 45 volts. The NUP can be powered with a voltage of any polarity,
and the NUP can be fed from any end. The transmitting unit, which can be in-
stalled at a terminal or attended intermediate station, provides for feeding
a supply voltage of 50 - 90 volts into the line, and controlling the remote
power supply current, and is also equipped with a signaling system which actu-
ates when the current changes by * 30%Z. One transmitting complex can provide
remote power for two NUP's operating on different circuits. One such complex
can be installed at a terminal station, while at an attended intermediate
station, two such complexes can be installed. The complex for transmitting
the remote power is mounted along with the NUP.

The structure of terminal and attended intermediate stations: The 12 channel
terminal equipment is housed in a rack with dimensions of 2,100 x 660 x 250 mm,
while an attended intermediate station is placed in a rack with dimensions of
2,600 x 660 x 250 mm. The equipment is made in the form of removeable (slide
out) block, which are connected to the rack installation by means of two-pin
Plugs, inserted from the front. Parallel jacks are provided on the two-pin
plugs for the connection of measurement instruments.

Placed above the terminal rack are the protection devices, the power supply
terminals and the input terminal block boards. Then follows the generator
equipment, the unit for feeding the remote power, and other blocks. Placed
below the rack are the power supply block, the differential systems, companders,
etc. A neper meter and other instruments, a jack field, switches for switching
the signaling system, controls for the residual attenuation of the channels,
‘signal lights, as well as a slide out desk top are placed in the central part
of the rack. One terminal three~channel station is placed in a terminal rack,
and two intermediate stations are placed in an intermediate rack.
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The equipment is designed for operation in heated rooms with a variation in
the ambient temperature of +10 to +40°C, and with a humidity of less than 80%
at 20° C for no more than two months out of the year. The weight of one ter-
minal or one attended intermediate rack with a full equipment complement is
no more than 350 Kg.

The terminal and intermediate racks are equipped with visual signaling which
actuates when the power supply is lost, fuses burn out, in case of a deviation
from the permissible limits of the control signal levels cited above (+ 2.7 -
- 3.4 dB [+ 0.3 ~ 0.4 Nepl], actuation delay of 10 seconds), in the remote
power supply current, etc.; additionally, monitored at terminal stations are
the overheating or insufficient heating of the thermostats of the crystal
oscillators and the output level of the common signal channel oscillator. A
provision is made for the ability to feed emergency signals from the racks

to the common rack visual or audio signaling system.

An intercom and call-up unit, PVU, and a neper meter are provided at terminal
and attended station racks. The neper meter of a terminal station consists of
an audio generator with stepwise control of the output level and frequency
within limits of -17.3 to 4.3 dB (-2.0 to 0.5 Nep), and 300 - 3,400 Hz, as
well as a wide band level meter for a frequency range of 0.3 ~ 150 KHz with
the capability of varying the level within limits of -52 to 18.2 dB (-6.0 to
2.1 Nep) and with a 135, 150, 600 ohm and high impedance inputs. The neper
meter of an intermediate station consists of an oscillator at three fixed fre-
quencies of 0.8 KHz (with a zero output level and 600 ohm output impedance),
9.5 and 24.5 KHz, and the output level is -21.7 dB (2.5 Nep) (the output im-
pedance is 150 or 600 ohms) and the same level meter as at a terminal statiom.

The structure of a NUP is designed for the installation of equipment on a

wall or telegraph pole. The NUP is made structurally in the form of a her-
metically sealed container, which consists of a vertical cylinder and a box
placed beneath it. Placed in the cylindrical part of the structure are am-
plifiers, filters and equalizers, while input and protective devices are placed
in the box. The basic data for the NUP structure are given in Table 4.15.

TABLE 4.15. Structural Data for Unattended Amplifier Statioms

Bricora, MM 620
_Height, mm
ITonepeuntle pasMmepsl, MM ' 460440

Cross sectional dimensions

Macca, kr’ : . 54
Weight, Kg.

The NUP construction is designed for equipment operation in the open with
fluctuations in the ambient temperature of up to = 50° C. The container is
fastened to a telegraph pole by means of a collar clamp. A provision is
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made for the possibility of mounting two containers on a pole. In this case,
the containers are positioned on the pole with the rear walls facing each
other and no collar clamps are used. During alignment and installation, as
well as repair work, access is provided into both parts of the structure.

The cylindrical housing is shifted upward on guides for this purpose. The
overall height of the structure when the housings are opened and locked is
1,230 mm.

A portable measurement instrument can be used for aligning the NUP, which
consists of a level meter with measurement limits of -17.3 to 26 dB (-2 to
.+3 nep) in a frequency range of 0.3 - 40 KHz, and having 100, 150, 600, 800
ohm and high impedance inputs, and also consists of a DC voltmeter with

measurement ranges of 25, 50 and 100 volts,

A block of balancing line filters is employed when equipping the channel with
audio amplifiers. The block is designed for installation in standard racks.
The passband of the audio channel is limited to 2,400 Hz. In all statioms,
the audio channel is equipped with transformers having a center tap, which
can be used for DC telegraphy in the absence of a remote power supply. Just
as in the V-3-3S equipment, the audio channel can be used only for service
communications, with the only exception that where balancing filters are pre-
sent, this channel can be equipped with amplifiers.

The line matching and protective device is intended for matching the impedance
of an 800 ohm stell circuit to the 150 or 100 ohm cable input impedance, and
consists of a matching autotransformer, blocking and drainage coils, two R-350
discharges, one spark discharger, and two fuses. The device is installed at
the input cable support and is designed for operation with an ambient tempera-
ture change of from -50 to +50° C, and humidity of up to 98%.

The equipment complement:

~— A VBO-3-4 terminal rack, set up with one three-channel station; a type
A or B with the requisite spectrum variant (A, B, C or D) and differential
systems (I, II or III) are supplied in accordance with the order; the fol-
lowing can be supplied along with the rack in accordance with the order:

a) companders,

b) block of balancing line filters,
c) auxiliary 60 volt supply block,

d) line matching and protective unit;

—— A FBO-3-2 attended intermediate station rack; the rack is supplied for op-
eration on a steel or nonferrous metal circuit in accordance with the order
and set up with equipment for one or two three-channel systems; the follow-
ing can also be supplied along with the rack in accordance with the order:

a) one or two remote power complexes,

b) block of balancing line filters,

¢) auxiliary 60 volt supply block,

d) two or four line matching and protective devices;
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—-— A NBO-3-3 unattended amplifier station (NUP); it is supplied along with a
remote power complex consisting of a remote power transmission block and
a block of remote power filters, and with a portable measurement instru-
ment, as well as with a line matching and protective device on special
order.

4.9, The KNK-6S Equipment

Function: The KNK-6S equipment is intended for multiplexing one cable pair
with six telephone channels. Included in the equipment complement are terminal
and intermediate unattended, remotely powered, amplifier stations (NUP's). The
maximum length of an amplified section for a single quadded VISP cable, fabri-
cated in accordance with TU 21-3~59, is 14 Km, and is 16 Km for a VISP cable
fabricated in accordance with MRTU 16.505.010-64. The maximum number of am-
plified sections is four. When multiplexing two pairs of VTSP cables, and us-
ing two terminal and three intermediate stations, the equipment permits the
organization of 12 telephone channels with an effective transmitted passband

of 300 - 3,400 Hz and a maximum range of up 56 - 64 Km.

The equipment is intended for multiplexing a single quadded VTSP cable. The
use of companders in the equipment also permits using it for multiplexing
multipair audio cables of the TZ and TZB types. In this case, the equalizers
which are made in accordance with the frequency characteristic of the given
type of cable are replaced in the equipment.

The terminal equipment is housed in heated rooms at an ambient temperature
of +10 to +40° C and a relative humidity of 45 - 75% (80% is permitted for
10 hours), while the intermediate equipment is buried in the ground at the
cable laying depth.

The joint operation of the KNK~6 equipment with other systems on one cable
is not permitted.

The equipment is supplied by the Czechoslovakian company, Tesla.

The frequency conversion and line spectra: The individual frequency conver-
sion in the transmitting equipment is realized by phase difference modulators,
the phase shifting four pole networks of which are designed around resistors
and capacitors. Using individual carriers at 80, 88, 96, 104, 112 and 120
KHz, the telephone channel passbands are shifted from the 0.3 - 3.4 KHz range
to the 76 - 120 KHz band (Figure 4.13). The lower sidebands are employed for
the transmission, while the upper sidebands are suppressed by no less than

26 dB (3 Nep). Each of the carrier signals is suppressed at the output of the
individual equipment by no less than 17.3 dB (2.0 Nep). A passband of 8 KHz
is set aside in the line spectrum for each telephone channel.

The resulting six channel group, which occupies a frequency range of 76 - 120

KHz, is transmitted directly via the line in the B-A direction (to the region-
al center). For transmission in the opposite A-B direction (from the regional
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Figure 4.13. The frequency conversion and line spectrum of the KNK-6S
equipment.

center), the six channel group is converted by means of the group carrier
frequency at 136 KHz to the 16 - 60 KHz range (Figure 4.13).

Transmit and receive levels: The equipment works with a preliminary slope
of the transmit levels which corresponds to the slope of the frequency cha-
racteristic of the amplified section of a cable of maximum (nominal) length
(Figure 4.14).

Channel Characteristics:

Nominal (maximum) transmit levels

at the output of the terminal and

intermediate station (with respect

to power):
Via channel No. 6, A-B (f = 56.8 KHz) +21 dB (2.4 Nep)
Via channel No. 1, B-A (f = 119.2 KHz) +13 dB (1.5 Nep)

Slope of the tramsmit levels!

In the lower group of channels 15.2 dB (1.75 Nep)

In the upper group of channels 8.5 dB (1.0 Nep)
Nominal receive level

For the lower group of channels -56.5 dB (-6.5 Nep)

For the upper group of channels ~-61.7 dB (-7.1 Nep)

1 In the lower channels of the spectrum for the lower and upper directions,
the transmission is realized at lower levels.
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Nominal attenuation of an amplified section
at £ = 120 KHz 48.6 dB (5.6 Nep)

Minimum possible receive level -67 dB (7.75 Nep).
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Figure 4.14. Transmit and receive levels of the KNK-6S equipment.

To suppress the noise arising as a consequence of using the comparatively
low transmit and receive levels, the equipment 1is outfitted with companders,
which increase the noise immunity by 17.3 dB (2 Nep).

Channel Characteristics:

The amplitude-frequency distortion in

the 300 - 3,400 Hz passband Within limits of 2/5 MKKTT norms

Total nonlinear distortion (taking
into account the companders), no more
than 5%

Amplitude response Straight line within 0.3 dB (0.035
Nep) when the input level increases
by 3.4 dB (0.4 Nep) above the meas-
urement level

Isolation against audible cross-
overs between the channels, no
less than 65 dB (7.5 Nep)

The transmission of the call-up and dial signals is realized via an extracted
signal channel at 3,850 Hz at the measurement level, Miniature relays are
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used to connect the 3,850 generator signal to the channel input, and to re-
ceive the call-up and dial signals. The contacts of the transmitting relay
are made from an alloy of gold and nickel. The distortion of the pulses
transmitted via the signal channel does not exceed * 6 msec for level fluc-
tuations of + 1.7 dB (£ 0.2 Nep) and a change in the signal frequency of

+ 10 Hz.

The generator equipment provides for the derivation of six individual car-
rier frequencies at 80, 88, 96, 104, 112 and 120 KHz, a group carrier fre-
quency of 136 KHz, as well as the 3,850 Hz signal channel frequency. The
generator equipment is designed for feeding four six-channel systems. All
carrier frequencies are derived by multiplying the 8 KHz frequency for both
the odd and even harmonics. Synchronization of the carrier frequency of the
terminal stations is provided in the equipment. At the snychronizing (control-
ling station) the 8 KHz signal is derived from a master crystal oscillator,
while at the synchronized (controlled) station, it is derived from a syn-
chronized LC oscillator. Reserved in the generator equipment is the deriva-
tion of the main 8 KHz signal, the group 136 KHz carrier and the 3,850 sig-
nal frequency.

Carrier frequency synchronization: Under normal conditions, the synchronizing
station is station A, while the synchronized one is station B. At station A,
the 120 KHz control signal is fed to the input of the group equipment, and
then converted in the group modulator by means of the 136 KHz carrier to the
16 KHz line synchronization signal, which is also forwarded along the line to
station B, At station B, the isolated and amplified 16 KHz signal is used

for synchronizing the 8 KHz LC oscillator. To facilitate the synchronization
for the subharmonic, a diode is inserted at the oscillator input.

When the 16 KHz synchronizing signal is lost, station B automatically switches
over to the synchronizing mode, while station A switches over to the synchro-
nized station mode. In this case, the 120 KHz synchronization signal is fed
via the line from station B to station A, where this signal is derived from
an 8 KHz crystal oscillator. At station A, the 120 KHz signal separated out
by a crystal filter, is converted by means of a 112 KHz carrier in a separate
modulator to an 8 KHz signal, which is further utilized for synchronizing the
8 KHz LC oscillator.

For the case where several radial links are organized from a regional center
(i.e. with system branching) using the KNK-6S equipment, under normal condi-
tions station A transmits the 16 KHz synchronization signal to all peripheral
B stations. One of the directions in this case is the main one. If at the
station B for the main direction this 16 KHz synchronization signal is lost,
then this station automatically switches over to the synchronizing mode and
begins to feed a 120 KHz signal to station A, which becomes the synchronized
one. In this case, station A continues to forward the 16 KHz signal to all
the remaining B stations, i.e., remains the synchronizing station with respect
to them.
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However, if the 16 KHz synchronization signal is lost at a B station for one
of the directions other than the main one, the circuit for deriving the car-
rier frequencies at this stations automatically switches over to a crystal
oscillator, In this case, stations A and B operate in the given direction
without synchronization. The frequency instability of the 8 KHz crystal os-
cillator when the ambient temperature changes from +10 to +40° C, does not
exceed + 1 Hz, while the divergence of the frequencies in the upper channel
spectrum can run up to 30 Hz in this emergency mode.

The 16 and 120 KHz synchronization control signals are fed via the line at
the measurement level.

Monitoring, switching and signaling: The control panel, which is provided in
the terminal equipment, permits the following:

~— Monitoring the DC supply voltages and input levels of the carriers, the
crystal and LC oscillators, as well as the level of the 8 KHz amplifiers
and the 3,850 Hz signal channel oscillators on a meter;

—— Monitoring the proper operation of the individual receiving-transmitting
equipment by means of checking it "into itself";

—— Monitoring the correct operation, and carrying out the alignment and
switching of synchronization channels;

—-— Monitoring the correct operation and carrying out the switching of the
generator equipment to standby;

—— Organizing service conversations via the HF channels or via a special
service circuit.

Monitoring the correct operation of the equip-
ment and synchronization is realized by means
of signal lights, which indicate the nature

of a fault.

The intermediate amplifier (Figure 4.15) con-
sists of two two-pin guide plug HF and audio
filters (DPVI, HPVI, DPV2, HPV2), which split
the transmission directions, a preslope circuit
(K), which provides for the tilting of the out-
-~ put levels, an artificial line (UV), which sup-
plements the attenuation of the amplified sec-
tions of the cable up to the nominal value
where mnecessary, input and output transformers
(Tr1, Tr2), which match the amplifier to the
line and organize the remote power and service
communications using the center taps and the amplifier. The amplifier, consis-
ting of two blocks (PZ1l, PZ2) works in a frequency range of 16 - 120 KHz, and
simultaneously amplifies signals fed in two opposite transmission directionms.

Figure 4.15. Skeleton
schematic of the inter-
mediate amplifier of the
KNK-6S equipment.
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Amplifier characteristics:

Nominal gain at £ = 120 KHz 48.6 dB (5.6 Nep)
Maximum gain 54.3 dB (6.25 Nep)
Amplitude response characteristic When the output level increases up

to 8.5 dB (+1.0 Nep), it is flat with-
in 0.43 dB (0.05 Nep)

Suppression of second and third har-
monic nonlinearity at an output level
of -6.9 dB (-0.8 Nep)

The internal noise level of the am~ 126 dB (~14.5 Nep)!
plifier referenced to its input

No less than 52 and 69.5 dB respect-
vely (6 and 8 Nep)

The group channel of the system is designed taking into account the cross-
overs in the multiquadded cable at a specific noise power of 10 picowatts/Km,
i.e. at a noise power in the channel of 1,000 picowatts for a communications
length of 100 Km. Considered in the calculation was the suppression of noise
by compander devices.

The nominal input impedance of the intermediate and terminal equipment can
be set at 120 or 150 ohms by means of resoldering (for a VISP cable, 120 ohms).
The return loss factor does not exceed 40%.

The frequency response characteristics of the line are equalized in the in~
termediate and terminal equipment by means of supplementing the attenuation
of the amplified sections of the cable with the attenuation of artificial
lines, up to the attenuation of a section of nominal (maximum) length. The
artificial line of an intermediate station corresponds to 1/8 of the nominal
length of an amplified section. Insofar as one artificial line is provided
in the intermediate amplifier for the simultaneous control of the levels in
two transmission directions, the lengths of the amplified sections between
NUP's can vary within limits of 7/8 -~ 1 of the nominal length.

The length of an amplified section associated with a terminal station can be
selected at any value, but not above the nominal. This adjustment is accom-
plished by means of resoldering the setting of the artificial lines, provided
in the terminal equipment, in steps of 1/8 of the nominal section length

each, To equalize the scattering in the frequency response characteristics

of the cable and equipment, as well as the frequency distortion due to reflec-
tions, an additional equalizer is provided in the receive section of the ter-
minal equipment. Additional equalization is performed at both station A and
station B in a frequency range of 76 -~ 120 KHz.

Seasonal changes in the attenuation of a VISP cable over one amplified sec~-
tion of nominal length, which are caused by annual fluctuations in the ground

1 At the minimum receive level of 62 dB (7.15 Nep), this corresponds to a
noise power of 47 picowatts at the output of the channel at a point with
a relative zero level.
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temperature within limits of from -5 to +19° C, reach 2.8 dB (0.32 Nep) at

a frequency of 120 KHz, and 2.3 dB (0.26 Nep) at 60 KHz. The seasonal fluc-
tuations in the line attenuation are compensated at the terminal station by
means of group, flat regulation within limits of + 2.7 dB (+ 0.3 Nep), as
well as by means of adjusting the residual attenuation of the channels within
limits of * 6 dB (+ 0.7 Nep).

The equipment is powered from the AC mains at 50 Hz and 220 volts * 3%. The
equipment assemblies are powered by rectified voltage at -24, -12 and -9 volts.
Supplied along with the equipment is the ST-250.4 alternating current regula-
tor, which makes it possible to extend the permissible limits for the fluctua-
tion of the mains voltage to +10 to -15%. The terminal bay, which is outfit-
ted with two or four six-channel systems, uses a power of no more than 75 watts
(90 VA), and along with the regulator, no more than 175 watts (260 VA).

The remote powering of the intermediate amplifiers is realized from a terminal
station via a single quadded cable phantom circuit ("pair—-pair" circuit) us-
ing DC in a series circuit configuration. The remote supply current is 20 m
and the voltage drop for each amplifier is 15 - 18 volts. The remote power
supply at a voltage of + 60 volts is designed for powering up to three NUP's
in each of four six-channel systems. Also provided is the capability of
powering the amplifiers in a "pair--ground" circuit configuration, and via

a phantom circuit using an unmultiplexed pair (for multipair cables) as the
return conductor.

Service communications between terminal and intermediate stations are organi-
zed via a single quadded cable phantom circuit. The telephone unit for ser-
vice communications is made portable and can be used both at terminal and in-
termediate stations. For the case of conversation with an intermediate sta-
tion, the set is powered dry batteries at 9 volts. The call-up is made by
voice. A loudspeaker is used for reception. When transmitting, this same
loudspeaker is used as a microphone. The set provides for service communicat-
ions via a channel with up to 45.2 dB (5.2 Nep) of attenuation.

The sensitivity of the service communications circuit can be increased by
means of inserting a standard MB [local battery] set in the portable set.
In this case, magneto ringing is not permitted.

Construction of the terminal equipment: The equipment is made in two struc-
tural variants. The equipment for four six-channel systems (Figure 4.16) is
housed in a ST-4 rack with dimensions of 2,600 x 625 x 225 mm, while the equip-
ment for two six-channel systems (Figure 4.17) is placed in a ST-2 rack with
dimensions of 2,120 x 625 x 225 mm. The weight of a fully equipped ST-4 bay

is 275 Kg, while for a ST-2, it is 185 Kg. The bays are made in the form of
welded racks of formed steel sheet. The faces of the racks in the upper and
lower parts are closed off with removable double-leaf doors.

The individual assemblies of the equipment are made in the form of blocks
with a rear inset. In the majority of blocks (with the exception of the
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Figure 4.16. General view of the Figure 4.17. General view of the
KNK-6 terminal station equipment KNK-6 terminal station equipment
(a ST~4 rack for 24 channels). (a ST-2 rack for 12 channels).

rectifier, the device for transmitting the remote power, and a few others),
printed circuit boards are employed. The inset notches are made in the form
of shoes with special springs enveloping the knife contacts of the blocks.

To provide for a reliable contact, the surfaces of the springs and the knife
contacts are coated with a gold and nickel alloy. Supplied along with the
terminal rack is a ST-450.4 alternating current regulator, which is installed
separately from the rack.

The construction of an unattended amplifier station (NUP): An unattended
amplifier station for a single quadded cable (an amplifier station of the
PZS-2 type) consists of a cast iron box and two switching junction boxes
(Figure 4.18). A brass box, which is hermetically sealed by soldering when
it is made, is placed in the cast iron box. Located inside the brass box
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Figure 4.18. General view of the NUP for the KNK-6 equipment
(PZzS-2 intermediate station).

are four intermediate amplifiers, of which two are the main ones, and two
are standbys, a block with auxiliary circuits and a humidity indicator, as
well as a charge of a moisture drying agent. The intermediate amplifiers
are similar to the amplifiers of the terminal equipment and are made using
printed circuit boards.

A cover is provided for the upper part of the brass box which covers the ac-
cess to the solder connections. Prior to installing the NUP on the line, the
cover is unsoldered and all the necessary resoldering commections of the arti-
ficial line, the remote power circuits, etc. are made. In this case, the her-
metic seal of the brass box is not disturbed.

After soldering the cover in place, the space between the [cast iron] box and
the brass box is filled with potting compound (supplied along with the equip-
ment), and the cast iron box is closed with a cover and buried directly in
the ground.

The dimensions of the cast iron box are 540 x 1,160 x 254 mm, the weight
along with the brass box and the amplifiers is 135 Kg. The surface of the
box is coated with asphalt paint to protect it against corrosion.

The switching junction boxes with dimensions of 50 x 30 x 20 mm are placed
on ferrocement extensions of the PR-1 type. The extensions are fabricated
on site. Placed in the boxes are the break jacks for the transmission chan-
nels, which are necessary for making operational measurements, the inputs
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and outputs for all four amplifiers, which permit switching the channel from
defective amplifiers to good ones, as well as jacks for connecting the service
communications set and the measurement of the insulation resistance of the
humidity indicator. Additionally, protective devices consisting of gas filled
R-350 dischargers and IR-0,2 spark dischargers are placed in the boxes. The
box is closed with a hinged cover. Moisture impenetrability is assured by a
rubber packing seal.

Each box is equipped with a packed-up section of single quadded VISP cable
2.5 m long, which serves for making the connection to the line, and a packed
section of four-quadded cable 6 m long with a lead jacket for making a con-
nection to the underground part of the NUP.

The equipment makes it possible to organize communications with branching of
the individual six-channel systems in two or three directions. Cable boxes,
which are supplied along with the equipment, are installed at stations which
are not equipped with input devices. Placed in the box are break jacks, pro-
tective devices (R-350 and IR-0.2 dischargers) and transformers for organiz-—
ing a phantom circuit using an unmultiplexed pair. In case of interference
from long wave radio stations, a DR-120-K filter cover can be installed in the
box. Where necessary, intermediate amplifiers can also be equipped with simi-
lar DP-120-Z filters. The cable box for station A with four six-channel sys-
tems is designed for branching the communications in three directions.

Measurement equipment: Attached to station A is a 12XJ035 generator and two
level indicators, 12XN042 and 12XN036, while attached to station B is a 12XJ035
generator and a 12XN036 level indicator. The wideband 12XN036 level indicator
is designed around transistors. The main technical data for the level indica-
tors are given in Table 4.16.

TABLE 4.16. Technical Data for Level Meters

Unit of 12XN042 12XN036
Characteristic Measurement Wideband Narrow Band
(Passband
+ 600 Hz)
Frequency range KHz 0.3 - 550 10 - 550 0.03 - 300
Measurement dB -60.8 to+21,7 -87 to +21.7 -60.8 to +28.7
limits (Nep) (-7 to +2.5) (-10 to +2.5) (-7 to +3.3)
Input impedance Ohms Balanced, 75, 150, 600, and Balanced and un-
>5,000 balanced, 150, 600,
and > 20,000
Power supply Mains, 120/220 volts, 50 Hz, Battery, 6 to 9.5
' 100 VA volts, 4.5 mA
Weight Kg _ 16 4
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The 12XJ035 generator operates in a frequency range of 0.3 - 550 KHz. The
output level can be adjusted within limits of -+17 to -67 dB (+1.5 to -7.7
Nep) with an internal impedance of 75, 150 or 600 ohms. The instrument is
powered from the AC mains, and the weight of the instrument is 17.6 Kg.

The KNK-60 equipment was supplied prior to 1966.

4,10, The KNK~6T Equipment

The basic technical data for the KNK-6T equipment! are the same as for the
KNK~6S equipment.

The NUP amplifiers are equipped with an ARU [automatic gain control] based

on the ground temperature which partially compensates for the seasonal changes
in the cable attenuation. This has made it possible to increase the maximum
number of NUP's between terminal stations up to six and bring the maximum
communications range via a VISP cable (MRTU 16.505.010-64), as well as a KSPP
1x 4 x 1,2 cable, up to 112 Km with seven sections of 16 Km each. A spacing
of up to 18 Km is permitted between terminal stations, and when using one
NUP, up to 17 x 2 = 34 Km. For KSPP cable 1 x 4 x 0.9, the length of a sec-
tion is 15 Km, while the overall communications range is 105 Km.

Up to three NUP's can be powered from one terminal station remotely, and the
remote power supply current is reduced to 15 mA. Three intermediate equipment
complexes are placed in a NUP, of which the third complex is the standby and
can be switched in by means of handles in the switching junction box in place
of either of the two main complexes.

A provision is made for the capability of remotely determining the number of
damaged NUP from the terminal station. For this purpose, each intermediate
amplifier is equipped with an oscillator designed for a frequency set for

each of them. The oscillators at the NUP's are switched on from the terminal
station by means of reversing the polarity of the remote power supply circuit.
The signals from the different intermediate amplifiers are fed to the terminal
station on different telephone channels. A damaged amplifier is determined
by listening for the monitor signals in the channels.

The signal channel receiver has been refined; the transmit level via the sig-
nal channel has been reduced to -6.0 dB (~0.7 Nep). A hermetically sealed
reed type. relay has been installed at the receiver output. The pulse dis-
tortion does not exceed * 6 msec when the receive level varies by * 3.4 dB

(+ 0.4 Nep).

The equipment is powered from the AC mains at 50 Hz and a voltage of 220 volts
t 3%. Attached to the equipment is a ST-250.4 power supply regulator which
permits extending the permissible fluctuations in the mains to +10 to -15%.

! Produced since 1967.
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1 Also supplied with the terminal station is a separate NTT-60 emergency power

| supply complex. The complex provides for automatically switching the equip-
ment power supply over from the main source to the standby in case the pri-
mary source voltage is lost, as well as automatically switching it back when
the main voltage appears. A =60 volt station battery can be used as the main
power supply, while the AC mains can be used as the standby, or vice-versa.
It is also possible to power the equipment through the NTT-60 complex from the
-60 volt battery alone.

The power consumed by a rack set up with two or foru six-channel systems, when
powered directly from the mains, does not exceed 90 watts (120 VA) and when
powered through the ST-250.4 regulator, it does not exceed 150 watts (275 VA).

A provision is made for the capability of organizing a broadcast channel via
a phantom circuit in a passband of 100 - 6,000 Hz in place of the service com-
munications channel.

Main equipment of from one up to four six~channel stations is housed in ST4A
and ST4B terminal racks, and in ST2A and ST2B racks, the equipment for ome to
two stations. The list of supplemental equipment and measurement instruments
which are supplied along with the terminal racks is given in Table 4.17.

TABLE 4.17. Supplemental Equipment and Measurement Instruments

Hanmertonanue ST4A ST4B ST2A ST2B
_Designation .
i
1. Annapar cayxe6roit cpssa SIS, I I I 1
. 2. KaGenbnas kopo6ra 1 1 I
(KAS 4A) | (KAS 4B) | (KAS 2A) | (KAS 2B)
\ Hsmegn-renbnbm reHepaTop
2XJ035 1 I

4. ‘YKasateab yposusi 12XN042A
. 5. Vxasarens ypoBHsa 12XN036
6 * TIcodoMerp 12XNO31
Y B \C'faﬁnmxaa'rop §T250.4
" 8. Kommnext nuranus NTT.60

i—llb—(»dl—ih—ll—i
l-q

Key: 1. SLS service communications set; 2. Cable box; 3. 12XJ035 measure-
ment generator; 4. 12XNO42A level meter; 5. 12XN036 level indicator;
6. 12XNO31 noise meter; 7. ST250.4 regulator; 8. NIT.60 power supply
complex.

When ordering, the cable type for the VAJ (with the capability of automatic
through working) or VIJ (only for terminal mode operation) differential sys-
tems is specified, with which the terminal six-channel SKS6 single terminal
sets should be equipped. 1In case this specification is missing, the equip-
ment is supplied with the VAJ differential systems.
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The PZS2TR (unattended intermediate station) intermediate amplifier station
with ARU is supplied along with two switching junction boxes and connecting
cables with a set of accessories for installing it and also spare parts. For
lines with one to three NUP's, one NPZ remote power supply block is ordered,
while two such blocks are ordered for lines with a greater number of NUP's.

A supplemental DOS switching junction box is supplied on special order, which
is intended for connecting broadcast equipment to the phantom circuit of a
single quadded cable; also supplied are six channel SKS6 single terminal sets
as expansion equipment for installation at previously supplied terminal sta-
tions using KNK-6T equipment, as well as additional service communications
sets, differential systems, regulators and switching junction boxes.

The KNK-6Sm equipment is a transitional type between the KNK-6S and KNK-T.
This equipment is distinguished from the KNK-6S equipment through the use

of an unattended amplifier station with ARU based on the temperature of the
ground by the NTT 60 emergency power supply complex, as well as VAJ type dif-
ferential systems, designed for the possibility of making through call connec-
tions without increasing the channel attenuation. It was supplied in 1966.

4,11. The KNK-12 Equipment

Function and basic characteristics: The KNK-12 equipment is intended for
multiplexing single quadded KSPP and VISP cables; each pair is multiplexed
with 12 channels in a frequency range up to 108 KHz; when multiplexing two
pairs on a single quadded cable, 24 channels can be organized.

Included in the equipment complement are terminal and intermediate unattended
remotely powered amplifier stations. Up to six NUP's can be inserted between
the terminal stations. The maximum length of an amplified section when using
KSPP 1 x 4 x 1.2 and VISP 1 x 4 x 1.2 cables is 16 Km, and for KSPP 1 x 4 x 0.9
cable, 15 Km, while the maximum communications length reaches 105 and 112 Km.
The minimum length of an amplified section: is 1/3 of its maximum length.

The total design noise power in the telephone channel at the maximum communi-
cations range is 2,000 picowatts, of which 1,000 picowatts is due to thermal
and nonlinear noise in the terminal and intermediate equipment, and 1,000
picowatts to noise in the line.

The lower group of channels is transmitted in the direction from station A

to station B in a frequency range of 6 ~ 54 KHz, while the upper group of
channels is transmitted in the opposite direction in a range of 60 - 108 KHz.
The transmit level (with respect to power) is -3 dB, and the minimum receive
level at a frequency of 108 KHz is 52,1 dB. In the AB and BA directions, the
ARU control signals at 54 and 60 KHz respectively are transmitted on the line
at levels of 15 dB below the measurement level.

The terminal equipment is based on the standard 12 channel block with electro-
mechanical channel filters. The £frequency conversion configuration and the
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and the line spectrum are shown in Figure 4.19. All the carriers and control
frequencies are derived from a thermostatically controlled crystal oscillator
at 100 Hz with a relative frequency instability of no more than 1 + 10-6 over
the course of a month. The amplitude instability of the control signals over
a month does not exceed * 0.2 dB (0.03 Nep).
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Figure 4.19. The frequency conversion and line spectrum of KNK-12 equipment.

A complete complex of equipment for one or two 1l2-channel systems including
the electrical power supply unit, differential systems, and where needed,
companders, are housed in the terminal rvack with dimensions of 2,120 x 600
X 225 mm. The construction of the equipment is modular. The weight of an
equipped rack does not exceed 200 Kg. The terminal equipment is intended
for operation in rooms with an ambient temperature of 10 - 40° C and a re-
lative air humidity of 45 - 757; at temperatures of up to 25° C, an increase
in the humidity up to 857 is permitted.

Channel characteristics:

The telephone channels are designed for
the effective transmission of signals
in a passband of 300 - 3,400 Hz

Amplitude~frequency distortion with
respect to the attenuation a £ = 800 Hz:

Excess response, no greater than B (0.35 Nep) [300 - 400 Hz and
00 - 3,400 Hz]

dB (0.2 Nep) [400 - 600 Hz and
0 - 3,000 Hz]
d
d

3d
3,0
1.8
2,40
0.9 dB (0.1 Nep) [600 - 2,400 Hz]
Response low, by no more than 0.9 dB (0.1 Nep) [300 - 3,400 Hz]

Nonlinear distortion factor, no

more than:
Total 1.5%
Third harmonic 1%
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Amplitude characteristic with the Linear within £ 0.3 dB (0.035 Nep)

amplitude limiters switched in when the input level increases 3.4
dB (0.4 Nep) above the measurement
level

Internal noise voltage of the ter-
minal equipment at the point with a
zero measurement level, no more than 0.4 millivolts, psophometric

Isolation against audible crossovers

in the terminal equipment, no less

than:
Between the channels of one system 69.5 dB (8.0 Nep)
Between the channels of different
systems 73.8 dB (8.4 Nep)

Isolation between the transmission
directions of one channel, no less
than 56.5 dB (6.5 Nep)

The telephone channels are designed for secondary multiplexing. Any of the
channels can be set aside for facsimile transmission. The characteristics

of the channels, with the exception of those which occupy the extreme end
positions in each of the transmission directions, .are designed for the capa-
bility of transmitting data and multichannel telegraphy signals. By combining
two telephone channels, it is possible to orgamnize a Class II broadcast chan-
nel in accordance with GOST 11515-65. In the case where cable lines are mul-
tiplexed which are subject to significant noise, the telephone channels can
be equipped with companders, which are installed in the terminal station rack.

Each telephone channel is equipped with its own isolated signal chamnel. The
signal channel operates at a frequency of 3,825 Hz at a level 20 dB (2.3 Nep)
below the measurement level. A provision is made for the ability to transmit
signals via the isolated channel when conversation or other information is
being passed via the given telephone channel. By means of continuous signal
transmission on the isolated channels, it is also possible to realized cons-
tant monitoring of the proper operation of the free (unoccupied) telephone
channels. The signal channel is terminated with a hermetically sealed reed
type relay which forwards the transmitted pulses to the RSL [connector relay].
The distortion of the transmitted pulses when the residual attenuation fluc-
tuates within limits of = 5.2 dB (£ 0.6 Nep) does not exceed * 6 msec.

Placed in the NUP is the intermediate equipment for two 12 channel systems.
The amplifiers are equipped with ARU based on the temperature of the ground,
which maintains a constant output level. The crosstalk attenuation between
the two equipment complexes housed in one NUP exceeds 78.2 dB (9 Nep). The
level of the internal thermal noise of the amplifier, referenced to its in~
put, amounts to about -130.3 dB (15 Nep) in the 104 - 108 KHz passband. The
suppression of second and third harmonic nonlinearity is no less than 78.2
and 87 dB respectively (9 and 10 Nep). Half of the NUP structure is below
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ground, with the ability to gain access to the equipment without engaging

in digging operations. The structure provides for normal equipment operation
when the temperature of the outside air changes within limits of -40 to +50°
C, and at a humidity of up to 98% at 40° C.

The return loss factor from the input impedance of the terminal and interme-
diate equipment with respect to the characteristic impedance of the cable
satisfies the following condition in the working passbands:

0.25 > k < 0.15/108/F,

where f is the given frequency in KHz.

The single frequency flat-slope ARU of terminal stations is designed for
eliminating inaccuracies in the operation of ground temperature type ARU's,
which accumulate from NUP to another. When the receive level of the control
signal changes at the input of the terminal station within limits of * 3.4dB
(+ 0.4 Nep), its level at the output of the group receive equipment is main-
tained constant within * 0.43 dB (£ 0.04 Nep). When the receive level of the
control signal deviates by more than * 3.4 dB (0.4 Nep), the signaling system
actuates indicating an irregularity on the group channel. A provision is made
for the capability of switching out the ARU and go over to manual control, as
well as for the ability to automatically block the telephone channels in the
case where the control signal level decreases by 5.2 dB (0.6 Nep).

The terminal equipment is powered from the AC mains at 50 = 2 Hz and 220 volts
(-15%, +10%); in case of an impermissible reduction or loss in the AC mains
voltage, the equipment is automatically switched over to standby power from
the ATS station battery at -60 volts (~10%, +20%); when the mains voltage ap-
pears, it is switched back in. A fully outfitted terminal rack uses no more
than 160 VA when powered from the mains, and when powered from a battery, no
more than 2.4 amps.

A NUP is powered remotely using DC via the phantom circuit of a single-quadded
cable. Up to three NUP's can be powered from one terminal station. The re~
mote power supply current is 40 mA, and the remote power supply voltage does
not exceed 200 volts. An increase in the remote power supply current of 50%
is noted by the signaling system at the terminal station supplying the power.

Service communications between terminal stations and NUP's is realized, just
as in the KNK-6S equipment, via a phantom circuit using telephone sets with
loudspeakers. Just as in the KNK-6T equipment, a provision is made for re-
motely determining the number of a damaged NUP from the terminal stationm.
The line protection devices are included in the terminal and intermediate
equipment complement.

4,12. The IKM-12M Pulse Code Modulation Equipment

The equipment complex provides for multiplexing KSPP 1x4x0.9 or KSPP 1x4x1.2
cable with 12 telephone channels in a single sideband single cable system

- 242 -



[ Haudetyansioe
27 . 'aﬁﬁpyﬁfﬁaﬂfe karond
HOKT | - .

> — ‘

z 1 5 5 »

— CIEHE Ao e er 3
7 8 ) 7

THeHEH<H A =] I_

R : " 7
4_&_[:}Eﬂ ’ Came ] [ eonem |
- 5_ g # '

£A 110 PR IPH
~ L If 1 L l ]

% 7
Crenn | [ agmen |
- )
7.

20
cog e | | oMoy |

1 eeliniese

Figure 4.20. Schematic of the IKM-12M equipment.

Key: 4. Coder; 5. PK, code converter; 6. Reg PRD, transmit repeater;
10. SUV PRD, ATC control and interaction signals, transmit;
11. RTs PRD, Transmit digital distributor; 12. RS PRM, Receive signal
distributor; 13. RK PRD, Transmit, channel distributor; 14. RK PRM,
Receive channel distributor; 16. RS PRD, Transmit signal distributor;
17. RTs PRM, Receive digital distributor; 19. SUV PRM, ATS interaction
and control signals, receive; 20, PRM sinkhr, synchronization receiver;
23. Decoder; 24, PK, receive code converter; 25. Reg PRM, receive
repeater; 27. Imdividual channel equipment, IOK 1l; 28. IOK 2, individual
channel equipment block 2.

with a maximum spacing between the unattended remotely powered repeaters of
up to 7.2 Km or 7.3 Km respectively. The communications range when remotely
powered from both ends is up to 50 Km. The maximum number of intermediate
stations which can be supplied with remote power from two terminal stations
is seven for KSPP 1x4x0.9 cable, and eight for KSPP 1x4xl.2 cable.

The complex permits the organization of two telegraph channels without occupy-
ing the telephone channels.

A second class broadcast channel with three two-way remote control channels

and a return monitor channel can be organized instead of two telephone chan-
nels,
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The telephone channel equipment can be multiplexed with all types of secondary
multiplex signals.

Shown in Figure 4.20 is a simplified schematic of the IKM-12M equipment. Shown
in Figure 4.21 is a diagram of the time relationships for the equipment.

The gating frequency of the telephone signals is 8 KHz, which corresponds to
the 125 microsecond period of the gating pulses. The time interval between
two gating pulses for one channel is termed a cycle. A cycle is broken down
into 12 channel intervals (Figure 4.21). Each channel interval contains seven
bits, intended for the coding and transmission of telephone messages. Between
the 3 -4, 6 -~ 7, 9 ~ 10 and 12 - 1 channel intervals, the free timing posi-
tions are intended for cyclical and hypercyclical synchronization, and control
and interaction signals for the ATS and telegraph.

. A, Tclepxyurn = 16yuxiob '
742.3,4.5.677,5 8§ 10N 12 131151961 2 3

3 Tyurn=16xananshax
ounmepbanob=125mreex

10um npedsaznpuer

ana uuknobod
Tdum npedpa-\ 3uaqver ong ;
Ha TeDEdTi 3. A H.

névedayu  \menzepap-
24/%%7017 //bIXKH/IgIM

Go
10um npedya- 10um nyeden
JHueH ang

COBpryUNID-

Gumest 2 Bnxode kodepa
- De b nopadre snavumocmu

Figure 4.21. Diagram of the time relationships

Key: A. One hypercycle = 16 cycles; B. One cycle = 16 channel
intervals = 125 microseconds; C. One channel interval = 9.9
microseconds, contains 7 bits; D. Bits at the coder output
in order of significance; E. One bit intended for hypercycle
synchronization and 12 channels of SUV [ATS interaction and
control signals]; F. One bit intended for transmitting 24 chan-—
nels of SUV; G. One bit intended for transmitting two telegraph
channels; H. One bit intended for cyelical synchronization.

The telephone channels and ATS interaction and control signals (SUV) are fed
to the input of the individual channel equipment (IOK) block (see Figure 4.20),
which can be employed in a four-wire or a two-wire circuit configuration by
means of setting the corresponding jumpers on the circuit board. The input
and output levels are set by means of attenuator pads located in the block.
The IOK blocks contain a transformer, differential system, 300 - 3,400 filter
and an amplifier,

Gating circuits 2, 15 and 21 are intended for sampling the telephone signals
and converting them to a time quantized signal using pulse amplitude modulationmn,
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The gating circuits are controlled on command from the channel distributor,
11. The pulse amplitude modulated signal combined at the outputs of the
transmission gating circuits is fed through a fast response compressor, 3,
with p = 30, which is intended for creating the requisite signal to noise
ratio for the quantization, to the input of the coder where it is quantized
with respect to amplitude and converted to a seven valued code combination.

The SUV PRD block [ATS interaction and control signal transmission block],

10, combines the signals from the individual equipment of the signal channels,
shapes the pulse train for the cyclical and hypercyclical synchronization and
writes them into the group signal in the code converter block, 5.

The transmit repeater shapes a single polarity pulse width equal to the timing
interval of 1.4 microseconds, a pulse signal suitable for transmission on the
line.

The line signal is restored in amplitude, shape and timewise position in the
receive repeater, 25, (just as in each line repeater) and is fed to the in-
puts of the receive code converter, 24, and the synchronization receiver, 20.
The synchronization receiver, having separated out the synchronized pulse
train in the composite line signal, establishes the necessary phase for the
receiving generator equipment. The digital binary signal is fed from the output
of the code converter to the decoder where it is converted to a pulse ampli-
tude modulated signal.

Channel distributor 14, by means of receive gating circuits 7, 18 and 26,
controls the distribution of the pulse amplitude modulated signal over the
corresponding blocks of the individual channel equipment. The SUV receive
block, 19, distributes the SUV information to the corresponding channels on
the instruction of the receive signal distributor, 12. The equipment for the
individual SUV receive channels is located in each IOK block [individual chan-
nel equipment block] and is terminated in an electronic switch.

The primary frequency of 1,408 KHz is generated by crystal oscillator 8 and
is used for the coder operation. The repetition rate of the digit symbols
is derived at the output of the 1:2 divider (9). Digital distributor 11 di-
vides the 704 KHz frequency down to the frequency of the digit symbols and
controls the operation of the digit circuits of the coder. The channel pul-
ses, controlling the operation of the gating circuits, are produced by chan-
nel distributor 13. The hypercycle intended for SUV transmission is formed
by means of dividing the frequency of the channel distributor by 16 in sig-
nal distributor (RS) 16.

The 704 KHz repetition rate of the digit symbols in the receive station is
formed from the received pulse sequence in the receive repeater and controls
the system of dividers, 7, 14 and 12, through the cyclical synchronization
receiver.

The following equipment must be used to organize communications for 12 tele-
phone channels:
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~— Two IKM-12M terminal stations, each including: a 12 channel block, a block
of terminal repeater equipment, an intercom unit;

—— Intermediate stations in the number necessary for the given type of cable
and route length, each including: two repeater line ampliifers, two phantom
lines, and NUP's.

The given equipment permits connection an ATS of any type using standard RSL's
[connector relays]. When it is necessary to organize two telegraph channels
operating in dual polarity or single polarity modes with a call-up instrument,
one must provide for a two channel telegraph unit (DTU). The design of the
matching devices, the SU-IKM's (used in place of the existing RSL's), makes

it possible to house them in one cabinet with the terminal station, the IKM-12M
(the SU [matching device] submodule). When using SU-IKM's, two (for city ATS's)
or three (for rural ATS's) signal channels are used for each telephone channel.

When it is necessary to organize a broadcast channel, a broadcast channel in-
dividual equipment unit should be additionally order (two units). The broad-
cast channel unit is installed in the 1l2-channel block in place of the indi-

vidual equipment for the two telephone channels.

Channel characteristics:

The variation in the residual attenuation in [Meets] MKKT [International

the 300 - 3,400 KHz passband as a function Consultative Committee on Tele-
of the frequency, with respect to its value phony] [standards] in any

at 800 Hz channel

Total nonlinear distortion at 800 Hgz - No greater than 37

Average value of the psophometric noise
power at the zero measurment level point
during the busy hour, less than 900 picowatts

Isolation against audible crossovers between No less than 60 dB for 100%
channels of the channels

Residual attenuation instability during
operation over one month, no more than * 1 dB

Ratio of the signal power to the pso-
phometric quantization noise power,

greater than 26 dB (3 Nep)

Distortion of pulses transmitted via the

signal channel, no greater than * 4 msec

Average synchronization lock-in time, no

greater than 11 msec

Equipment power supply From the ATS power sources at a

nominal voltage of 54 - 72 volis

Power consumed by the equipment, no 50 watts when remotely powered
more than
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Remote power supply voltage 200 volts
Remote power supply current, up to 100 mA.

The IKM-12M terminal station is housed in a cabinet with dimensions of 2,150 x
; x 600 x 225 mm. The maximum number of stations in one cabinet is three (with~
out the SU-IKM block and DTU).
|

The RSL connection of the ATS to the terminal station is realized via a multi-
pair station cable. The cable is brought in through the top of the cabinet
and unsoldered at the input connectors of the 12-channel block. Because of
the presence of the connectors joining the station and cabinet blocks, one can
easily replace a faulty block.

An intermediate station, a PS, is designed so that four line repeater ampli-
fiers can be installed in it for operation via two cables of two systems, and
is buried in the ground at a depth of around 900 mm in a vertical position.
replacing repeaters in the intermediate station is accomplished through the
NUP cover, extending 500 m [sic] above the surface of the ground. The con-
nection of cables to the PS is made by means of assembly cables included in
the intermediate station complex.

The weight of a terminal station when the three IKM-12M systems are installed
is no more than 250 Kg, and the intermediate station weighs no more than 10
Kg. The IKM-12M intermediate station is 1,580 mm high and has a diameter of
500 mm.

The first batches of IKM~12M equipment were supplied with audio termination
complexes, designed for terminal mode operation of the channels with a resi-
dual attenuation of 7 dB (0.8 Nep) and 3.4 dB (0.4 Nep), and with the capa-
bility of automatically changing over to a four-wire through working mode

(a type II KNO [low frequency termination complex]). Since 1973, the equip-
ment has also been supplied with audio termination complexes designed for
terminal mode operation with the residual attenuation magnitudes indicated
above, but with the ability to automatically switch over to a two-wire through
working mode (type I KNO). The type of KNO is indicated when ordering the
equipment.

4.13. Amplifiers for Rural Telephone Communications
Function and Main Characteristics
UMT and UMS bridging amplifiers can be used on rural telephone communications

networks. UMS amplifiers differ from similar amplifiers used on GTS's [city
telephone exchanges] in that:

~— The limits for the change in the two terminal networks are expanded;

~— Compensation is provided on interexchange connections for the influence
of the DIN type line transformer inductance;

——- MP26B high voltage transistors are used instead of MP40A (P1l4) transistors.
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UMS amplifiers are intended for reducing the circuit attenuation of junction
lines which are not multiplexed and not coil loaded, and use TPP cables in a
passband of 0.3 - 3.4 KHz. In the absence of multiplex equipment, the ampli-
fiers can be used on junction lines which use VISP and KSPV type cables, as
well as on steel open wire line communications circuits with conductor dia
meters of 3 - 4 mm. Additionally, UMS's can be employed on lines using TPP,
T and TZ type cables, and in certain cases, on mixed circuits consisting of
sections of a cable circuit and an open wire steel circuit.

The gain of the amplifier depends on the attenuation of the telephone circuit
and can be set within limits 3.4 to 8.5 dB (0.4 to 1.0 Nep) at a frequency of
800 Hz when it is switched into a cable circuit, and within limits of 3.4
to 7.38 dB (0.4 - 0.85 Nep) when it is hooked into the steel circuits of open
wire lines.

The amplifiers provide for the equalization of the amplitude-frequency response
of cable circuits within a passband of 0.3 - 3.4 KHz, and the steel circuits of
open wire lines within a passband of 0.3 - 2.4 KHz.

The residual attenuation of telephone circuits with the amplifiers connected
satisfies Part XVI.1.10 of "Vremennyye normy na kanaly obshchegosudarstvennoy
avtomaticheski kommutiruyemoy telefonnoy seti' ["Provisional Standards for
the Channels of the Overall State Automatically Switched Telephone Network'],
approved 26 November, 1968, by the Interdepartmental Coordinating Committee
of the USSR Communications Ministry.,

The amplifiers pass the interaction signals for the ATS's of all systems,
transmitted using both DC and 50 Hz AC, as well as inductive dial pulses at
up to 120 volts.

The level of the noise introduced by the amplifier into the line does not ex-
ceed 0.3 millivolts.

The power for the amplifiers is derived from exchange DC sources at 24 and
60 volts with voltage fluctuations within limits of -10 to +30%, in which
case the gain in the working frequency range remains practically unchanged.
The current consumption per amplifier is 30 mA.

The amplifiers should be installed in buildings with an air temperature of
from +10 to +45° C, and a relative humidity from 45 to 85%.

Amplifier Circuitry and Construction

The two-way bridging amplifier takes the form of an active four terminal net-
work, designed in a bridge T configuration. The amplifier schematic is shown
in Figure 4.22. Transformer Trj provides for setting up the bridge circuit
and the connection of the amplifier to the line. The four terminal network
contains two active elements: series and parallel converters (P] and P2) of
passive two-pole negative impedance networks. Connecting this active four~
terminal network to a telephone circuit decreases the attenuation of the
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latter by the amount of the negative attenuation
of the four terminal network. To preclude power
losses occasioned by reflection at the junction
of the circuit and the four terminal network,
its characteristic impedance should be equal to
the input impedance of the telephone circuit.
The parameters of telephone circuits, depending
on the type and extent of the circuit, vary in
rather large range, and for this reason, in each
individual case when using an amplifier, it is
necessary to align it directly when connecting
it into the telephone circuit.

Figure 4.22, Structural
schematic of a bridging
amplifier.

The basic circuit of a bridging amplifier is
shown in Figure 4.23. The series P and paral-
lel P, converters take the form of push-pull
amplifiers with positive feedback, designed around transistors T] - T4 of the
MP26B in a common base configuration. In converter Py, the positive feedback
is produced using transformer Trp. Additionally, power is fed through this
transformer to the collectors of transistors T] and T2. Resistors Ry, R2 and
R3 establish the requisite operational mode and provide for temperature sta-

b
|
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e

Exchange [ iy o

Figure 4.23. Basic schematic of a bridging amplifier.
bilization of the transistors. Capacitor Cj, shunting the feedback winding
of transformer Tr2, assures amplifier stability at frequencies of 10 - 15 KHz.
To increase the stability at frequencies on the order of 100 - 150 Hz, the
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inductance of the winding of transformer Trp, which is connected to the col-
lector of the transistors, should be somewhat less than the inductance of the
winding of transformer Tri, which is connected to the emitters of the trans—
istors. In converter P2, positive feedback is provided by capacitors Cy and
C3 and resistors R - Rg. Resistors R4 - R9 provide for the operational mode
and temperature stabilization of the transistors. Choke Drp, which is con-
nected in series with two terminal network D2, provides for amplifier stabil~
ity at frequencies above 15 Kiz.

The working mode for the transistors is Vee = 12 volts and I, = 5 mA. The
current consumption for one amplifier is 30 mA. The temperature stability

: coefficient is 2. The amplifiers are
made in three structural variants: the
UMS~1 (Figure 4.24), the UMS-3 (Figure
4,25) and the UMS-5 (Figure 4.26),
which differ in the number of ampli-
fiers in the block. All three variants
are designed around the same basic cir-
cuit. To improve the quality and de-
crease the size, printed circuit boards
are used in the UMS-5 amplifiers.

L The UMS~1 and UMS-3 amplifiers contain
plug-in boards which are fastened to
the steel chassis.

Figure 4.24. The structural
design of the UMS~1 amplifier.

Figure 4.25. The structural Figure 4.26. The structural design
design of the UMS-3 amplifier. of the UMS-5 amplifier.

Placed in the upper part of the chassis behind the board is a socket with
pins, intended for bringing in the line conductors and connecting the power
supply and signaling lines, while in the lower part, there is a power supply
and signaling panel on which the individual fuses, test jacks and push button
switches are placed. A general view of a UMS-1 and UMS-3 amplifier plug-in
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Figure 4.27. General view of the UMS-1 and UMS-3
amplifier plug-in board.

board is shown in Figure 4.27. Transformers Trj and Tr2, choke Dr3 and two
getinax [paper/bakelite plastic] panels are fastened to the steel mounting
plate. Located on one panel are the components of converters P and P2, and
on the other, the components of the two terminal networks. Located on the

: face of the panel for the two termi~-
nal are strips, and on the reverse
side, a set of resistors, capacitors
and choke Drj. The requisite magni~
tudes, capacitances, and inductance
are connected into the circuit by

means of special short circuiting

" two-pin plugs, during the process of
aligning the amplifier, and the plugs
are replaced with permanent jumpers
after alignment. The electrical cir-
cuit of the plug-in board of the am-

plifier is connected to the block
Figure 4.28. General view of the circuitry by a plug-in connector.
UMS-5 amplifier plug-in board.

The dimensions of the UMS-1: 380 mm wide, 223 mm high and 205 mm deep. The
weight is 6.5 Kg.

The dimensions of the UMS-3: 980 mm wide, 455 mm high and 205 mm deep. The
weight is 13.5 Kg.

The UMS-5 amplifier blocks are designed for installation in SN-5 racks or
ones similar to them.

The UMS-5 amplifier block takes the form of a housing in which five plug-in
amplifiers are placed. Located in the lower part of the housing is the
power supply and signal panel, on which the individual fuses, test jacks and
push button switches are located. Mounted on the rear panel of the housing
is a block with pins intended for bringing in the line conductors, the power
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supply and signaling lines, ‘and the power supply jack. The input terminal
block and the installation leads are covered with a removable cap. Plug con-
nector sockets, which provide for electrically connecting the amplifier cir-
cuit to the block circuitry are mounted inset in the housing. An overall view
of the UMS-5 amplifier plug-in board is shown in Figure 4.28. Secured to the
UMS-5 amplifier plug-in board are two printed circuits and the male connector
of the plug connector., Located on one printed circuit board are the components
for converters P1 and P9, and on the other, the components of the two terminal
networks Dj and Dy. The amplifier boards are inserted in the chassis and clo-
sed in with a cover which is secured with screws of the type which do not fall
out of the hole when loosened. Lables are applied to the cover for recording
the circuit data and the gain of the amplifiers.

The UMS-5 amplifier dimensions: 457 mm wide, 160 mm high and 290 mm deep.
The weight is 13.75 Kg.

Alignment Procedure

The alignment of the amplifiers is composed of two basic steps:
—— Determining the gainj;

—-— Determining the magnitudes of the components of the two terminal networks,
D1 and D7, which provide for the requisite amount of gain and matching the
characteristic impedance of the amplifier to the input impedance of the
telephone circuit over the entire working frequency range.

The gain of a bridging amplifier is determined by the conditions for stable
operation, and depends on the attenuation of the telephone circuit and the
level of matching of the characteristic impedance of the amplifier to the
input impedance of the telephone circuit within the limits of the working
frequency passband.

In connection with the fact that besides the demands on the stability of the
amplifier, a requirement is also made for the correction of the amplitude-
frequency distortion of the telephone circuit, the best shape of the frequency
response for the gain will obviously that which, in the working frequency
range, corresponds to the shape of the frequency response characteristic for
the circuit attenuation, i.e. the following relationships will be observed:

When the amplifier is inserted in cable circuits:

S3.0 9.0
Sos .8
When the amplifier is inserted open wire line steel circuits:
So4 99
Bt Ry
So,s .8

where 83,0, Sp_4, and Sp g are the gains of the amplifier at frequencies
of 3.0, 2.4 and 0.8 KHz;

a3.0, a2.4, and aQ,.8 are the attenuations of the telephone circuits
at frequencies of 3.0, 2.4 and 0.8 KHz.
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The gain should fall off outside the working frequency range.

This shape of the amplitude-frequency response of the amplifier gain assures
the following:

~—- The most favorable stability conditions, both within and outside of the
working frequency range;

-- The greatest amplifier efficiency at frequencies which determine the loud-
ness and intelligibility of the speech amplifier;

-- Satisfactory equalization of the amplitude-~frequency distortion of the
telephone circuit.

The amount of permissible amplifier gain is determined at the upper frequency
of the working spectrum (3 KHz when the amplifier is connected into cable cir-
cuits, and 2.4 KHz when connected into open wire circuits) and is found from
the expression:

where p is the mismatch factor for the characteristic impedance of the am-
plifier and input impedance of the circuit.

The magnitude of the mismatch factor p is defined as 3% for cable circuits
and 3.5%7 for steel open wire circuits. The quantity adopted for registering
the stability assures long term operation of the amplifiers without needing
alignment.

To simplify the alignment process, a calculation of the permissible gains is
carried out as a function of the attenuation for different types of circuits.
The results of the calculation are set forth in tables, which are set forth

in tables, which are placed in the instructions for aligning the amplifiers.

The sizes of the components of the two terminal networks, Dj and D2, can be
found during the alignment process by means of trial and error. Since the
number of variable elements in the two terminal networks is large, the order
of amplifier alignment is of considerable importance,

For the purpose of facilitating the alignment, the sizes of the components
of two terminal network Dj of the series converter are determined by calcu-
lation as a function of the gain and type of line.

The calculations have been performed for the following types of lines: TPP-0.4,
TPP-0.5, TPP-0.7, KSPP(KSPV)-0.9, VISP-1.2 and steel open wire line circuits
with conductor diameters of three and four mm with cable feed-ins made using

T and TZ type cables with copper cores having a diameter of 0.4 - 1.2 mm for

a cable feed-in length of up to 1 Km. The results of the calculations are
given in Tables placed in the alignment instructions.

The quantities for the two terminal network of the parallel converter are
selected when aligning the amplifier. The amplifier alignment is realized
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by matching the characteristic impedance of the amplifier to the input imped-
ance of the circuit at frequencies of 0.8, 2.4 and 3,0 KHz, when setting the
amplifier up on steel circuits, and at frequencies of 0.8, 2.0 and 2.4 KHz
setting it up on steel open wire circuits, which is achleved by varying the
quantities Ri, Cl and Rl [sic] of the two terminal network of parallel con-
verter Djp.

The final step in the alignment is measuring the amplitude-frequency response
of the amplifier gain and checking its stability. A detailed sequence for the
alignment of the amplifiers is set forth in the alignment instructions.

A specially developed portable PKUS device is used for the amplifier alignment
process.

’

The PKUS permits setting up the circuits
necessary for aligning the amplifiers,
measuring the gain and checking the sta-
bility, as well as for measuring the
collector currents of transistors.

The PKUS device consists of two parts:
the main part (Figire 4.29) and the
supplemental part (Figure 4.30). During
the alignment, the main part of the de-
vice is connected by a connecting cable
to the work location of the amplifier
being aligned.

Figure 4.29. The main part of the

PRUS . An audio frequency generator, a level

meter, and a DTN transformer of the same
type as those inserted in the line are
connected to this part of the PKUS. The
supplemental part of the PKUS serves for
placing the requisite loads on the end of
the circuit and is connected to this cir-
cuit by means of cables through the VKU
switch field. During the alignment, the
supplemental part of the PKUS should be
operated by a technician who makes the
requisite switch connections on the ins-
tructions of the alignment technician.

Besides the PKUS, an audio frequency
generator of any type with a balanced
output, and a level meter with a balan-
ced high impedance (greater than 5 KOhms)
input are required for the amplifier
alignment.

Figure 4.30. The supplemental
part of the PKUS.
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CHAPTER: RECOMMENDATIONS FOR THE PROJECT PLANNING OF RURAL TELEPHONE EXCHANGES
8.1. Selecting Rural Telephone Exchange Equipment

It is recommended that ATS K-50/200 and K-50/200M be used on rural telephone
networks as the 0S's [terminal exchanges] and US's [junction centers], and

the ATS K-100/2000! be used for the TsS's [central exchanges]. The ATS K-100/
/2000 of VNR [Hungarian People's Republic] manufacture is recommended for use
only in those cases where the maximum capacity of the exchange does not exceed
2,000 numbers.

Setting up an ATS K-50/200 type exchange as an 0S is economically inexpedient
at populated points where the number of telephones runs up to 20. At such
points, the use of group installations, GU's, is recommended.

Relay and crossbar ATS-40/80's should be used for the maximum possible amount
of time. This type of ATS may be replaced only because of considerations of
inadequate capacity or when going over to outgoing automatic long distance
communications, for which they are not suitable. The organization of incoming
automatic and semi~automatic long distance communcations is possible when any
type of rural ATS is present on the network.

Ten step ju tion ATS's of the UATS-50/100 type should be gradually phased
out, using them on the networks as terminal exchanges connected directly into
a central exchange.

It is also recommended that existing central exchanges of the ATS-100/500,
ATS-47 or ATS-54 be used in the future, only the numeration should brought
up to five digits by means of adding selector stages. When introducing out-
going automatic long distance communications, these exchanges, just as the
ATS X-50/200 and ATS K-100/2000 type exchanges, should be fitted out with
the equipment for automatic determination of the calling subscriber number,
AON.

8.2, Figuring the Equipment Volume. The Number of Junction Lines to a
Junction Center or Central Exchange

The equipment volume is not computed for low capacity rural terminal exchanges.
The number of junction lines to a junction center or central exchange is taken
from the data of Table 8.1.

The through working equipment and the number of interexchange junction lines
is figured for a junction center or central exchange of any capacity. In this

1 The ATS K-100/2000's can be used as a US and 0S if the capacity of the
exchange being planned will exceed 200 numbers in the coming five years.
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case, the maximum number of junction lines which can be connected to exchanges
of different types, which is given in Table 8.2, should be taken into account.

TABLE 8.1. The Maximum Number of Junction Lines to a Junction Center or
Central Exchange from Terminal, Low Capacity Automatic Telephone
Exchanges ‘

Number of Two-

. Number \ .
Type of Terminal ATS Capacity Way iljl_ﬁgilon
The VRS-20M relay ATS 20 2
Relay, unit ATS-10/40 10 2
" " 20 3
n " 30 4
" " 40 4
Ten step UATS-50/100 and 50/100M 50 4
Ten step ATS-100/500 and 100/500M 100 7
" " 200 13
Crossbar ATS K-40/80 40
11 1" 80
Crossbar ATS K-50/200 50 5
n n 100 7
" " 150 10
" " 200 13
Crossbar ATS K-50/200M
11 " 50 7
" " 100 10
" " 150 14
n " 200 17

If two~-way junction lines are used in a bundle of up to 13 junction lines,
it is recommended that with a greater number of lines, a transition be made
to one-way junction lines (incoming and outgoing).

The Initial Data for the Determination of Telephone Traffic Quantities
To calculate the number of instruments and interexchange junction lines,

the following statistical data for telephone traffic are required, which
should be determined through operation on the basis of systematic observation:
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TABLE 8.2. The Maximum Number of Junction Lines and Directions for

Junction Centers and Central Exchanges of Different Types

Maximum Number

Type of Rural ATS

Of Junction Of Directions

Lines
Ten step junction ATS-50/100 with a capacity
40 9
of 50 numbers
The same, with a capacity of 80 numbers 10 5
Crossbar junction ATS K-40/80 50 15
Crossbar junction ATS K-50/200 and K-50/200M 49 15

Crossbar junction

Ten step junction

and central ATS K-100/2000!
and central ATS K-100/500!

any number

any number

"

of outputs from the GI [group

! When the number selector] field is inadequate
to provide the requisite number of directions and number of junction lines,
an additional GI stage is introduced.

TABLE 8.3. The Average Values of C and T for Determining Telephone Traffic
Quantities
1 Kateropus a60HeHTOn
(Character of ] Doss pzo-
N i - HapOIHO-XO3s5i- .ag- |BOB, 3aKaH-
Hacenen::;x MYHE- Kazg;;xgguu leTRennnil cex- Te”e.rd;(:;h;maa UHBAOUINX - .
he . Top 3. 14, Cfl P43roso-
the populated c P P 7 c T pou
aoinks - UK | K HX l HX Ta ' Ta
£
6 Ilpu uncae aGOHeHTOB KBapTHPHOIO cexTopa A0 65°%
9
Topopa u cena ¢ Ha-
7 .- cenesnem 1o 20 THIC.
ges. 0,7 100 2,4 80 6 110 0,65
"To xe, oT 20 no
84 100 THC. uea. 0,8 | 110 | 2.7 85 8 | 110 0,65
9 To xe, or 100 ThIC. .
e g0 500 ThiC. ueJ. 0,9 i10 3,0 85 1y 110 0,6
10. TIpu uucne aGoHEHTOB KBapTHPHOro cekTopa GoJee 65%
Topopa H cena ¢ Ha- BT
7 ceJqienreM 0 20
¥ THIC. yed. 0,8 130 1,6 90 6 110 0,65
8 To xe, or 20 no 100
"Oe guc. wves. 0.9 140 1,9 90 8 110 0,65 s
To ke, ot 100 THIC. :
9. 0 500 THIC. e, 1,0 140 2,2 90 10 110 0,6
Key: 1. Subscriber category; 2., Apartment sector; 3., National economic

sector; 4. Pay telephones; 5. Fraction of call-ups which result in
conversation; 6. When the number of apartment sector subscribers runs
up to 65%; 7. Cities and towns with a population of up to 20,000;

8. Same as above, from 20 to 100,000 persons; 9. Same as above, from
100,000 to 500,000 persons; 10, When the number of apartment sector

subscribers is greater than 65%.
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1. The average number of calls, C, coming in to one subscriber during peak
load hours (chnn):

-— Of the apartment sector; Cy
-- 0f the national economic sector; Cgyx

—— 0f a coin operated telephone line; C¢,
2. The average duration of a conversation in seconds: Ty, Tyy, Ty, respectively.

3. The fraction of call-ups of the overall number of call-ups, Pp, which result
in in conversation.

4. The structural composition of the subscribers in percent of the overall
number.

5. Traffic distribution with respect to the direction (for junction centers
and central exchanges).

When the statistical data for C, T and Pp is lacking, it is recommended that
the amount of telephone traffic be determined from the average figures of
Table 8.3, taking into account the structural composition of the subscribers.

Determining the Outgoing Load Quantities

The magnitude of the outgoing design load, developed on rural ATS's of the
ten step system, is determined in terms of traffic units using the following
formula:

g = Yuew=1,1PplNueCux (feo + bu +fn -+ Tix) + NiCe (foo -+t

out 1
‘i‘ tn + TK) +‘N’mc'l‘a (tCO + tn + tn + Tra_)] 56‘66 + -Vy-m,

where 1.1 is the factor taking into account the load created by call-ups
which do not result in conversation;
Pp is the factor taking into account the fraction of the calls resulting
in conversation (0.65);
Npxs Nks» Npg are the numbers of telephones in the national economic
and apartment sectors, as well as pay telephones, respectively;
t.o 1s the average time the subscriber hears the exchange answering
signal;
ty is the time for dialing the number, in seconds, equal to 1.5 n,
where n is the number of digits in the number;
tg is the average time for listening to all of the call-up transmission
signal (10 seconds);
Yoi. is the load created by the agencys' telephone exchanges [PBX's],
in traffic units.

The size of the outgoing design load on an ATS K-100/2000 is determined in
traffic units from the following formula:
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yan =1, 1Pp [NHACHX (ts ~+ tper + Tux) + NKCK (ts + tPnrH‘ Ty +
+ NzaCra (f + tper + Tra)l +¥yro.  tper = teo + tu 4 ty yox,

where ty ycx is the time for making a connection after the subscriber number
is established in the register (2.5 seconds).

The Number of Junction Lines to Agencys' Telephone Exchanges (UTS's) [PBX's]

The number of junction lines from a UTS is determined by a calculation based
on the statistical data for telephone loading. 1In the absence of the statis-
tical data, it is recommended that the number of junction lines be taken from
Table 8.4.

TABLE 8.4.
The Recommended Number of Junction Key: 1. The number of subscribers
Lines From an Agency's Telephone having the right to outside
Exchange communications;
2, The number of junction lines
Konnuectso | gonnyectno co-] Konmucetno co- outgoing to rural exchanges;
o | ST | e
1. '"HP‘:EZ A LBX Ha Cenb- | WHEX OT ce.m?— 3 3. The number of junction lines
M eanan “megmmm“ CKHX cTaHIMA ' incoming from rural exchanges.
50 3 3
100 "5 5
200 ‘ 9 8
300 11 10
400 13 12
500 15 14
600 17 16
708 20 18
800 22 20
900 24 29

The Recommended Norms for Losses at Rural Telephone Exchanges

The norms for the losses (p) to determine the number of instruments for the
selector stages are given in Tables 8.5 and 8.6.

The loss norms are defined as a function of the capacity of the ATS which is
directly tied to the exchange being planned.

The Number of Test Desks and Information Desks

At ATS K-100/2000's, supplied by the VNR [Hungarian People's Republic], it is
necessary to set up one measurement and test desk. The testing of subscriber
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TABLE 8.5. Losses for Interexchange Connections

Loss Norm :
For the ATS For ten step

Selector Stage

K-100/2000 ATS's
Al's [subscriber selectors]:
——- For outgoing traffic 0.005 -
—-— For incoming traffic 0.002 -
GI [group selector] 0.005 0.003
GIM and LIM [long distance group selector
and long distance line connector] - 0.001
LI [Line selector] - 0.005

RI [register finder]:

— When inserted in RI racks of ShK [?cord
complex?], RSLV-BZ, VShMK [?incoming long
distance cord set?], and VShKMA [?auto-
matic incoming long distance cord set?]
complexes 0.002 -

~~— When inserted in RI racks of RSLV-I
[?incoming-outgoing line connector
relay?] complexes , 0.02 -

Table 8.6 Losses for Incoming and Outgoing Outside Connections for GI's
[Group Selectors]

Capacity of the Existing Developmental Short Term Long Term
ATS, numbers Period (up to 1975) (Up to 1980) (After 1980)
40 - 100 0.10 0.05 0.003
More than 100 0.05 0.03 0.02

lines at other rural ATS's is provided for by means of test and measurement
instruments included in the ATS equipment complement.

Information desks are set up for the entire rural telephone network at the
central exchange, depending on the equivalent capacity of the network:

~= Up to 3,000 numbers: 1 desk;

-— Up to 6,000 numbers 2 desks;

—— Up to 8,000 numbers: 3 desks;

—— Up to 10,000 numbers: 4 desks;

—— More than 10,000: one desk for each subsequent 2,000 numbers.
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The equivalent capacity of a rural telephone network for establishing the
number of information desks is equal to:

N = Nj + kN

where N, is the central exchange capacity in numbers, while on a regionalized
network, it is the total capacity of the regional center ATS;
N2 is the overall capacity of the rural junction centers and terminal
exchanges;
k 1is a factor less than 1, taking into account local conditions, and
derived from operation.

8.3. The Equipment Layout for Rural Automatic Telephone Exchanges
General Principles

The equipment of rural ATS's, in particular, low capacity ATS's (up to 200
numbers), should, as a rule, be housed in common rooms with the radio equip-
ment. The choice of the room for the ATS, as well as the layout of the
equipment, should take into account the f£final capacity of the ATS. For
equipment needed during expansion, free places are reserved in the end-frame
of equipment racks.
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Figure 8.1. Plan for the equipment layout of an ATS K-40/80 80 number
central exchange.,

Key: 1. VKU [input switching unit]; 2. Main rack; 3. Supplemental
rack; 4. TU-600; 5. Desk with RTU receivers and rectifiers;
6. Antenna panel; 7. Line panel; 8. Working desk; 9. Cabinet
for the storage batteries, NZhN-45.
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The planning of the technical accomodations for rural ATS's is given in typi-
cal project plans for the construction of rural stations of various types and
capacities, developed by the Leningrad Department of the "Giprosvyaz'" insti-
tute. When relating to local conditions, it is necessary to consider the
actually available facility for arranging the equipment, the volume of through
working equipment at the junction center, the requisite volume of equipment

at the central exchange (based on calculations), as well as the equipment com-
plement for electrical and radio communications which can be installed in the
common room, making allowances for expansion.

Given below are layout plans for equipment taking from typical project plans.
The Crossbar ATS K-40/80

The ATS K-40/80 equipment is installed in double sided floor racks with di-
mensions of 2,240 x 755 x 440 mm.

A 40 number subscriber block is housed in one rack. One main rack is instal-
led at 40 number capacity ATS's, and at ATS's with a capacity of 80 numbers,
one main rack and one supplemental rack are installed.
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Figure 8.2. Equipment layout for a junction center 80 number ATSK-40/80

Key: 1. Subscriber line input unit; 2. Junction line input unit; 3. Main
SU rack; 4. Supplemental SU rack; 5. Main TU rack; 6. Supplemental
TU rack; 7. TU-600; 8. Desk with RTIU receivers; 9. Antenna panel;
10. Line panel; 11. Work desk; 12. Electrical power supply equipment.
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| The through calling equipment, which is installed at a junction center, is
housed in two racks, which differ in their construction: the main TU rack
for eight junction lines, and an additional TU rack for 14 junction lines.
Depending on the number of junction lines, installed at a junction center
are one main, and one to three supplemental racks.

A typical layout for the equipment of a terminal exchange of the ATS K-40/80
type with a capacity of 80 numbers is shown in Figure 8.1, while a junction
center with a capacity of 80 numbers is shown in Figure 8.2. The ATS equip-
ment is housed jointly with the radio communications equipment. The ATS
K-40/80 racks create a floor loading of 450 kg per 1 mZ of room area.

‘The Crossbar ATS K~-50/200

The number of racks which can be installed depends on the installation capa-
city of the ATS. The equipment of a terminal exchange with a capacity of

200 numbers is placed in four floor type racks, each with dimensions of 2,240
x 775 x 440 mm.
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Figure 8.3. Layout of the terminal exchange equipment for an ATS K-50/200
with a capacity of 100 numbers with an expansion capacity of
up to 200 numbers.

Key: 1. Technician's desk; 2. Input unit; 3. Rack 1; 4, Rack 2;
5. Rack 3; 6. Electrical power supply bay; 7. Cabinet with the
storage batteries; 8. Line and antenna panels; 9. Desk with receivers;
10. Electrical communications service; 11. Vestibule; 12. Acid room.
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The same racks are installed at junction centers as subscriber equipment as

at the terminal exchanges, only in place of RSLO's [?line connector relay
| equipment?] they are assembled with ShKV [?incoming cord connector?] complexes.
} The through working equipment is housed in racks of the same design. Located
in the first main TU rack are 7 junction line relay (RSL) complexes and in
the three supplemental racks, 14 complexes each.

The typical layout of the equipment of a terminal exchange with a 100 number
capacity K-50/200 and an expansion capacity up to 200 numbers is shown in
Figure 8.3, while a junction center with a capacity of 50 numbers and an ex-
pansion capability of up to 100 numbers, is shown in Figure 8.4. The ATS
equipment is colocated with the radio communications equipment. The ATS
K-50/200 racks create a load on the floor of 450 Kg per 1 mZ2 of room area.
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Figure 8.4. Equipment layout for a junction center ATS K-50/200 with a
capacity of 50 numbers and an expansion capability up to
100 numbers.

Key: A. Subscriber 1line input unit; B. Junction line input unit;
C. Technician's desk; D. Rack 1; E. Rack 2; F. 0S [terminal station];
G. DS [expansion unknown]; H. Line and antenna panels; I. Desk with
receivers; J. Electrical power supply bay; K. Cabinet with storage
batteries; L. Two OShch-6 type panels (one above the other).
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The Ten Step ATS 100/500

The overall height of the equipment, along with the channels, is three meters.
The height of the technical facilities from the floor to the lowest point on
the ceiling should be 3,200 mm for the automatic switching room, the distri-
bution frame and rectifier rooms, and for the storage battery room, the height
of the facility should be 3,000 mm.

The floors between stories for the automatic switching room and the distribu-
tion frame should be designed for a loading of 450 Kg per mZ2. The floor at
the point where the rectifiers are set up should sustain a concentrated load
of 2,000 Kg.

Rough figures for the installation of ATS equipment with a capacity of 200 to
300 numbers require an automatic switching room area of about 30 m2, and for
a capacity of 500 numbers, about 40 m2. The area of the storage battery room
is 15 m2. When installing ATS storage batteries, along with MTS [long dis-
tance telephone exchange] and LATs [line equipment shop] batteries, as well
as automatic equipment together with LATs and radio communications equipment,
the area of the requisite room increases correspondingly, depending on the
volume of the additional equipment., In this case, the requisite facility
area is determined based on the specific plan for the equipment layout.

TABLE 8.7. Structural and Design Dimensions of ATS 100/500 Racks

1. HalMeHOBaKHe CTATHBOS IMnpuna | Iay6una jPacuernas mm-
2 . MM 3 . MM 4 . puHa
MM
5 ATH c : 548 243 580
6 JriH—rum o ‘ 410 255 470
T AATHM 526 255 580
8 JrH--Brm " 465 255 515
9BrH 333 255 390
10.ay : \ 441 200 " 500
11 PCA~1TK 561 180 630
12 'PCI'I-G * . 550 b= 600
3 c’CBy 401 180 450
14 J(apuac oy ] ' 535 315 720
15 'Kpocc Ha 1-10 suefiky : : 1300 595 -—
) 'le(pocc Ha 2-10 sgeftky 1700 595 -
17 Dpaeut yroassuk . 70 - -
1 8 {lesuft yronbunk _ 60 - -

Key: 1. Rack designation; 2. Width, mm; 3. Depth, mm; 4. Design width, mm;
5. IPI, preselector 1; 6. IGI~GIM, group selector 1 - long distance
group selector; 7. LI-LIM, line connector - long distance line connector;
8. IGI-VGM [Expansion unknown]; 9. VGI [Expansion unknown]; 10. DU;

11. RSL-PK [Expansion unknown]; 12. RSI-6; 13. SVU; 14. PShch chassis;
15, Distributing frame for the first cell; 16, Distributing frame for
the second cell; 17. Right elbow; 18. Left elbow.
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TABLE 8.8.

Switch Room

Dimensions ofvPaésageways in the ATS 100/500 Automatic

Section

Designation

Spacing Between
Row Centers, mm

Minimum
Spacing, mm

Passage between
Passage between

Passage between
the row without

Passage between
with PShch

the rows withoutvPShch
the rows with PShch

the wall (projection) and
PShch

the wall (projection) and

Side passage between the end of the row and

the wall

725

1,050

1,150 730
900 740
950 740
600 600

PR-U327 VU 93/22 BShch-100

ne-3322 By syzz  sy-wmo an -
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Figure 8.5.

Layout plan

for the equipment of a
junction center ATS K-100/
/2000 with a capacity of
300 numbers and the capa-
bility of expanding to 500

numbers.

Key:

A. Cable boxes;

B. Junction line input unit;

C. Subscriber line input
units;

D. Subscriber selector;

E. RI-1 [register finder 1];

F.
G.
H.
I.
J.
K.
L.
M.
N.
0.
P.

Q.
R.
S.
T.

PShch, ShK-RSL;

0S [terminal station];
RSL [connector relays];
RI-2;

I GI [group selector 1];
PShch, GI;

PShch SL;

RSL;

KNK-6;

Regulator;

Weight 1,900 Kg; storage
battery room;

Acid room

Vestibule;

Dryer;

Electrical communica-
tions service.



The structural and design dimensions of the racks of the rural ten step ATS
100/500 are given in Table 8.7.

When laying out the ATS 100/500 rack rows, the dimensions of the passageways
should correspond to those given in Table 8.8.

With a two sided layout of the rows with the racks in the automatic switching
rooms with the central main passage, an effort should be made to have the
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Figure 8.6. The equipment layout for a junction center ATS K-100/2000 with
a capacity of 500 numbers.

Key: 1,2, ZBVU [expansion unknown]; 3. BK [expansion unknown]; 4. Test
and measurement desk; 5. Cable boxes; 6. Subscriber line distribution
frame; 7. Subscriber selector; 8. Junction line input unit; 9. Sub-
scriber selector PShch [expansion unknown]; 10. RI1 [register finder 1];
11. Group selector 1; 12. 0OS [terminal station]; 13. PShch line con-
nector-group selector; 14. Register finder 2; 15. Junction line PShch;
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[Key to Figure 8.6 Continued]: 16. RSL [connector relays]; 17. UMS-V-2
[bridging amplifier V-2], V-3-3S; 18. KNK-6T2; 19. Regulator; 20. Storage
battery room; 21. Acid room; 22, Vestibule; 23. Dryer; 24. Technician's
desk; 25, Electrical communications service.

center lines of the rack rows of both halves of the automatic switching room
coincide. The face of the racks should be turned towards the main entrance
into the automatic switching room (from the side of the main entrance into
the ATS building).

The following dimensions should be provided in the automatic switching room
for the main passage:

—— For the case of a two-sided layout of the rows, 1,500 mm;

-- For a one-sided row layout, 1,300 mm.

The passage between a column and the face of the nearest rack row should be
no less than 700 mm.

The Crossbar ATS K~100/2000

The height of the automatic switching room for the ATS K-100/2000 to the lowest
point of a beam should be no less than 3 m, and where multiplex equipment is
used, no less than a height of 2,100 - 2,200 mm. When using multiplex equip-
ment 2,500 - 2,600 mm high, the height of the room should go up to 3,200 mm.
The carrying capacity of the floor under the automatic switching room should
be no less than 750 Kg per m2 of room area.

Used in an ATS K-100/2000 are two sided racks with a width of 752 mm, the
design width is 755 mm; the depth at the base is 400 mm and with the instru-
ments is 440 mm. The design width of VNR produced racks is 762 mm, and the
depth is 456 mm.

Shown in Figure 8.5 is a typical plan for the layout of domestic equipment
in a junction ATS K-100/2000 with a capacity of 300 numbers, with the capa-
bility of expanding to 500 numbers. Shown in Figure 8.6 is the layout for
the equipment of the same ATS (capacity 500 numbers) consisting of VNR [Hun-
garian People's Republic] produced equipment. A signaling rack 80 mm wide
is set up at the end of each row.

A plan for the equipment layout of a central exchange with a capacity of
800 numbers, with the capability of expanding up to 1,500 numbers is shown

in Figure 8.7.

The passage clearances given in Table 8.9 should be maintained for the rack
rows of the ATS K-100/2000.

Distribution Frames
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The equipment layout for a rural central exchange ATS K-100/2000

Figure 8.7.
for 800 numbers with an expansion capability up to 1,500 numbers.

2. Rectifier room; 3. Automatic switch room;

4. Technician's desk; 5. Line equipment shop; [AC] regulator;

6. KNK; 7. PSP; . 8, Distribution frame, expanded; 9. Distribtuion
frame; 10. Line side; 11. Test desk; 12. Distribution frame room;
13. Acid room; 14, Vestibule; 15. Storage battery room; 16. Sub-
scriber selector; 17. Subscriber selector, expanded; 18. Register
finder 1; 19. Register finder 1, expanded; 20. Terminal station;

21. Group selector 1 PShch; 22. Group selector 1l; 23. Group selector
1, expanded.

Key: 1. Adjustment room;

For rural ATS K-100/2000's with a capacity of 300 numbers and more, an open
type distribution frame should be provided, while for exchanges with a lower
capacity, an input switching unit (VKU) for 300 subscribers should be pro-

vided.

Included in the equipment complement of the ATS K-100/2000 of VNR manufacture
is an open type distribution frame for an ATS of any capacity.
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TABLE 8.9. Passageways at an ATS K-100/2000
Minimum Spacing

Section Designation

mm
Passage between rows 800
Passage between a wall and

a row 800
Side passage between the end

of a row and a wall 600

The frameworks for the subscriber distribution frame, as well as the test
desks and measurement instruments, should be located in the distribution
frame rooms of rural ATS's. The installation in the distribution frame of
racks with amplfiers and up to two information desks is permitted. When
placing the distribution frames in one row, the line side should face the
window. When the distribution frames are arranged in parallel rows, the
line sides should face each other,

TABLE 8.10. Passageways in the Distribution Frame Room
Section Designation Passage Size, mm

Passage between the rows of the distribution frame 1,500

Passage between the exchange side of the distribution

frame and a wall 800

Passage between the line side of the distribution frame

and a wall 1,200

Side passage between the end of the distribution frame

and a wall : 800

Passage from the rear of the desks 800

Passage from the front of the desks 1,500

Distance from a wall to the end face of the desks, where
there is a side passage from the other side of the desks 200

When laying out the distribution frames, test and information desks, the
passage ¢clearances indicated in Table 8.10 should be observed.

The Line Equipment Shop

Rural telephone network LATs's [Line equipment shops] should be present at:

—- Central ATS's, as a rule, in individual rooms or in one room with the
long distance exchange LATs;

—- At junction centers, depending on the HF multiplex equipment volume,
determined by the long term circuit configuration for rural telephone
network development;
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TABLE 8.11. Rack Dimensions for the —— At terminal exchanges, as a rule,

Multiplex Equipment of Rural Networks in a common room with the ATS equip-
ment.
. |Dimensions .
Himeumm;;e annapa %nhﬁu' i Given in Table 8.11 are the dimensions
. & . .
of multiplex equipment and input devi-
B3-3-¢c V3=3-S 2150X650%250 ces used on rural telephone networks.

KHK-8-T-2 KNK-6~T~2 2150x625x225
KHK-6-T-4 KNK—6~T=4 2630Xx625x225

2. S:??EQ“&”H‘%%“ anna- The Engineering Requirements Placed

3. Kepiao #a 3 m 2100%650X450 on Rooms for the Installation of

4. Kapxac na 6 mr 2600%650X450 Electrical and Radio Communications
KHK-12 KNK-12 2600X600x225 Equipment
PKM-12  IKM-12 2244X728X512
BO-3-4 VO=-3-4 2100 680X 250 1. The facilities provided for the
CcTs ST5 ' 2150 X 650X 400 installation of electrical and radio
CTH-2 STN-2 -] BI0X722x430 communications equipment on rural
ncn PSP . 2500526 816

[ — 5005550 telephone networks should be assigned
* KapKac Ha 4 wr to buildings which meet the require-
ments of no less than the ITI Fire
Resistance Category.

Key: 1. Equipment designation;
2. Regulator for the KNK-6
equipment;
3. Three piece frame;
4, Six piece frame;
5. Cable boxes, four piece
frame.

For forested and remote regions, the
use of buildings in the IV -V Fire
Resistance Categories is permitted

2. The dimensions of the technical
accomodations should permit the
option of housing the equipment in
them, taking prospective development
into account.

3. The floors underneath the technical accomodations should be designed for
the equipment load, and where necessary, correspondingly reinforced.

4., The floors of the facilities should have a smooth surface. The use of
hygroscopic materials beneath the flooring is not permitted.

5. The rooms should be dry, wel ventilated, and have natural illumination.

6. The artificial electrical lighting of the technical accomodations should
be handled in accordance with the "Construction Norms and Rules", VIU 122-60,
and the "Rules for the Devices of Electrical Facilities'", Section VI, "Elec-
trical Illumination", (Moscow, Gosenergoizdat, 1959).

7. The convective and exhaust ventilation, and the heating of the rooms should
be in accordance with the requirements of Technical Regulation: "Civil Enter-
prise Wire and Postal Communications Works" (TU 588-60) 1.

! New technical regulations are be worked out at the present time (NTP 588-71).
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Where furnace heating is used, the furnace should not extend into the tech-
nical rooms.

8. The height of the rooms from the floor to the bottom of a joist beam or
the ceiling should be in accordance with requirements, depending on the type
of equipment being installed, but no less than 3 m.

[No number 9 in text]

10. The floor of the equipment room should be either parquet or planked,
and covered with relin [term unknown], plastic or linoleum. The walls and
ceiling are painted with oil base paint.

11. The relative humidity of the equipment should be within limits of 45 -
75%.

12. The height of the storage battery room from the floor to the bottom of
a ceiling beam or joist should be no less than 2.4 m.

13. Access into the storage battery room should be through a vestibule, both
doors of which should open outward. The vestibule should have dimensions

such that the inside door can be opened and closed when the outside door is
closed.

14. The floor of the storage battery room should be concrete, covered with
asphalt or vitreous floor tile on acid resistant cement.

15. The walls and ceiling of the storage battery room are painted with acid
resistant paint.

16. The storage battery room is equipped with special convective and exhaust
ventilation, for which special ducts are provided.

17. A special hermetically sealed electrical lighting fixture should be used
in the storage battery room, the lead-in to which comes through with the con-
ductor in a hermetically sealed, acid resistant jacket.

The installation of switches, connector plugs and fuses is not permitted in
the storage battery room.
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[Key for Appendix 2]:

1. Unit of measurement; 2. Frequency, KHz; 3. KNK-6; 4. KNK-6T; 5. KSPP(V)
1x4x0.8; KSPPB(K) 1x4x0.9; 6. IKM-12M; 7. KSPP(V) 1x4x0.9, KSPPB(K) 1x4x0.9;

8. Circuit resistance at a temperature of +20° C, no greater than:; 9. Differ-
ence in the resistances of the circuit cores, no greater than:; 10. Insulation
resistance between each core and the steel cores connected to the ground shield,
no less than:; 11. Insulation resistance of the shield with respect to ground,
no less than:; 12, Working capacitance, no more than:; 13. Electrical strength
of the insulation between all connected cores and the shield, between the bundle
of "a" cores and "b" cores of physical circuits, no less than:; 14. Near end
crosstalk attenuation between circuits, no less than:; 15. Far end isolation
between physical circuits, no less than; 16. Crosstalk attenuation between the
input an output of one multiplexed circuit in a NUP or QUP, no less than:;

17. Near end imbalance in a physical circuit, no less than:; 18. Line inter-
ference (noise) of a physical circuit over the spectral width of one channel,
no more than:; 19. Without aNUP - 56.5 (6.5); [with] 1 NUP - 59.1 (6.8);

2 NUP's - 60.8 (7.0); 3 NUP's and 1 OUP - 63.4 (7.3); 4 NUP's and 1 OUP - 64.1
(7.4); 20. Without a NUP - 56.5 (6.5); [with] 1 NUP - 59.1 (6.8); 21. NUP -
60.8 (7.0); OUP - 78.2 (9.0).

APPENDIX 3

OPERATIONAL ENGINEERING NORMS FOR THE ELECTRICAL CHARACTERISTICS OF INSTALLED
(EXISTING) RURAL TELEPHONE COMMUNICATIONS LINES

Insulation Resistance

1. The insulation resistance of 1 Km of open wire with respect to ground during
damp weather (1007 relative air humidity) is no less than 2 MOhms+Km for inter-
exchange junction lines and for subscriber lines. The insulation resistance
between circuit conductors should be approximately equal to the sum of the in-
sulation resistances of both conductors of the line with respect to ground. A
difference in the magnitude of the insulation resistance of the conductors of
an open wire circuit with respect to ground should not exceed 30%.

2. The insulation resistance of the cores of single pair cables of the PRVPM
type with polyvinylchloride insulation and the PRPPM type with polyethylene
insulation, with respect to ground, is no less than 3 MOhms+Km. The insula-
tion resistance between the cable cores is no less than 6 MOhms-Km.

3. The insulation resistance of the cores of multipair cables of the T, TPP,
TPKSh, TPKSh-B and TPKSh-~Z types, with respect to all the remaining cores
connected to the jacket (shield) of the cable and ground, should be no less
than the following at a temperature of +20° C:

—-— For interexchange cable lines and the cables of junction lines for lengths
of 0.5 Km and more, 1,000 MOhms+Km;
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—— For 1line lengths of up to 0.5 KM, 500 MOhms+Km,

—— For a distribution cable, over the entire length of the cable, 50 MOhms.

4. The insulation resistance of the cores of a single quadded KSPP cable, and
a multiquadded TZ cable, with respect to the remaining cores, which are con-
nected to the shield and ground, should be no less than 10,000 MOhms:Km, while
for a single quadded MKPV cable, no less than 15,000 MOhms+Km.

5. The insulation resistance of cores with respect to ground of a subscriber
wire should be no less than 25 MOhms-Km over the entire length of the line.

The Difference in the DC Resistances (Imbalance) of the Conductors (Cores)
of a Circuit.

1. The circuit imbalance of subscriber open wire and cable lines should be
no more than 1 7 of the circuit resistance.

2. The imbalance in interexchange junction open wire lines both multiplexed

and unmultiplexed, over the lenght of the line between terminal stations (with-
out amplifier stations) or over an amplified section, should be no more than

5 ohms for steel conductors with a diameter of 4 mm, and 10 ohms for conductors
of diameters of 2.5 and 3 mm.

3. The imbalance in interexchange junction lines made of cables of any type,
both multiplexed and unmultiplexed, should be no more than 2 ohms for physical
and phantom circuits.

Near End Crosstalk Attenuation Between Circuits

1. The crosstalk attenuation between any subscriber circuits on a cable line
at a frequency of 800 Hz should be no less than 69.5 dB (8 Nep) for 95% of
the circuits, and no less than 65 dB (7.5 Nep) for the remaining 5% of the
line circuits.

2. The crosstalk attenuation between open wire line cubscriber circuits at a
frequency of 800 Hz should be no less than 69.5 dB (8.0 Nep).

3. The crosstalk attenuation between unmultiplexed, interexchange junction
lines at a frequency of 800 Hz should be no less than 69.5 dB (8 Nep).

4. The crosstalk attenuation between multiplexed circuits on interexchange
junction lines between two terminal stations (without amplifier stations) or
for an amplified section in a multiplex passband of 4 - 31 KHz for open wire
and 8 - 700 KHz for cable lines, should be no less than 60.8 dB (7.0 Nep).

The Far End Isolation Between Circuits

1. The isolation on a length of cable line between terminal points (without
amplifier stations) or over an amplified section, between multiplexed circuits
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at the far end of a cable in a frequency spectrum of 4 - 31 KHz, when using
the V~-3-3S and VO-3-4 equipment, should be no less than 56.5 - 65 dB (6.5 -
- 7.5 Nep). This quantity is determined by the number of amplified sections.

2. The far end isolation between the circuits of a cable line within a fre-
quency range of 4 - 120 KHz when using the KNK-6S, KNK-6SM, KNK-6T and KNK-12
equipment, should be no less than 60.8 dB (7 Nep) with seven amplified sections.
For IKM-12M equipment in a frequency range of 8 - 700 KHz, it should be no less
than 43.4 dB (5.0 Nep).

3. The isolation between circuits at the far end of open wire communications
lines within a frequency passband of 4 — 31 KHz should be no less than 56.5
dB (6.5 Nep).

The Lengthwise Imbalance Attenuation of a Circuit at the Near End of the Line

The lengthwise imbalance attenuation of a circuit at the near end of subscri-
ber, interexchange, and junction lines for both multiplexed and unmultiplexed
lines, should be no less than 65 dB (7.5 Nep) in a frequency passband of 0.3

- 3.4 KHz, and 43.5 dB (5 Nep) in a range of 4 - 700 KHz.

Line Noise

1. The level of psophometric noise should be no more than 5 millivolts on in-
terexchange, junction unmultiplexed open wire or cable lines, which are not
equipped with terminal audio frequency amplifiers. Lines, equipped with ter-
minal amplifiers, should have no more than 2.5 millivolts.

2. The noise on subscriber lines, measured at the terminals of the telephone
set in a frequency range of 0.3 - 3.4 KHz, should be no more than 1.0 mV.

3. The psophometric noise voltage in a frequency passband of 0.3 - 3.4 KHz

at the terminals of the telephone set, which is induced in the open wire line
telephone circuits of rural networks by power lines (electrified railroad,
electrical power transmission lines, etc.), on the section from the subscriber
to the distribution frame of the telephone exchange for the case of a local
connection, should not exceed 0.5 millivolts.

In individual cases, if observing the indicated norm results in high costs,
an increase in the noise up to 2 millivolts is permitted with the permission
of the Communications Ministry of the union republic.

4. The overall noise voltage in the frequency passband of one multiplex chan-
nel on open wire steel circuits in a line spectrum of 4 - 31 KHz, should be
no less than 78.2 dB (9 Nep).

5. The overall noise voltage in the frequency passband of one channel on ca-
ble lines in a line spectrum of 4 - 120 KHz should correspondingly be no less
than 95.6 dB (11 Nep).
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The Frequency Chdracteristics of Single Quadded Cable Circuits at a Temperature of +20° C

TABLE P.4.3.

"Tadnuna n43

YACTOTHDIE XAPAKTEPUCTHKH LETNER OOHOYETBEPOYHKLIX KABEJIER ITPY TEMIIEPATYPE +20°C

[VTSP(y) BTCB) 1x4x1,2

MKPV MKIIB 1x4x1,2

Y wo

W/gY ‘BupRx
-Ares guannndheox

& OBMOTCND
AR AR A
Enriaraniodnos ol Rt IR RRREERRREE |
§ [-osourod qir AYoW SORROR-O .
o
o [yt
k] W DDO—N
g Dojug) | SeeSmm -
S | mow/ad wHiekAL | SSSSSSSS | | 1 p L))
@ |-88  wxounuGgeoN FTEEIIes |
= ° OO0 DD e
13 a & & v o n o a
E ~3 OO0 O~
S DO/S_O['KHHBX OB O
S -Aves whommudpeon | LI T HE LTI~ [ 111}
yraudAisdounal | \o MmN
"o QQCQOG)OI\OOQOIIJO
‘srusranioduocd 'oowmwmecnomwvl NERREER
0JOBOHKOd dIrATON TengnoonmwT e
D DD N s e D DB
IDLD(\BOUOC”ONLDO-—-L‘I
(wWs/uyy) CSOCODD e v TN

Tococcocoococo|||||ll||
T2 22222
Qe PO DOt QN DM e
wmmwhr\wm—mwwm

D
KCNI(B) 1x4x0,9

Ocuopunie uena 1 | OcaoBame memn ]

< QOOOOOOO-——-—<~.—

s wo & m@mmv«mnmmmcom—mwocwwo
Ay

Bagavanioduod

|wm-wmmcom—nmwmwm~—cm

mmLDO)I\N#OOQ‘Q‘C’JNCOMCQM«JCO!"}NC‘!W
0J0dOHI08 qUrAYON LD <00 €73 0% O O rmt et s 18t 1t 8 2k ot 5t 7k mk b oo
A T P o A P o e o e R R AT

NOKD AN NNNOOMO OOV

XN C NN RONI-OVNOFONNIND

mwm” OO D i omt ot ot e OO 0D € D < LD LD D D I = OO

.S oaETRRRaeNNY

Wi/gY ‘suiexdl | | Socconooooocog oo nsos
= 222 D e v

-8 dgamnupgson O 00 Qi = 00— O 3 N G0 I G99 D © © €210 \D
] iDl\I\G‘lOﬂM\ﬂ—-'!DKDwNIOOIKOI\N*me
NSNS

~ O T et e O C4 OF O 09 €3 03 < DA v 4D I

9 . Hekyccrsenuue genu KCOTIB(K) 1X4X0.9
..

WO "sanavauLodu

<09 OJOHORIO" 4uAYOW

OOOQO"OQ

‘$.§ESSZE$$IIIIIIIIIIIIII

R ]

N
e o s o . e
. 0 Gt = 105 7 O D
FOODNTIO =N
~ roo.—«—.—-—-—n

(Ru/u)n/gy ‘wna’
-exAies anaunnddheon

3°°°°°°°°IIIIIIIIIIIII|

S

>~ s e e .
OO OO mt wet v

o 0/ g0t
BHHEXALBE LHIHUNIUD

-peon pmudAredounsd

i nQ 'sunsrantodu
-09 0JOBOHKOE qUrAYOR

= LN

g

-4

2| (oupws/qy ‘znn

§ -gxA1ee vxononnmpq;eon

g ~F

N

oY ‘Aouanbé;&

nin ‘sloLdvh

AL FODWINNDOFDODONN DD
mﬂ-vvvmmmown:\hommwvmmmw

mmmmmmmmmwmwmmmmmmmwwm

CHVOVNCODCOCLOQODIND OIS DN
O O N

',omocn\r\mr\mmocomhtotommvm«:
OO 00 D DD N CN N GV C) ot i et vt vt oty ot oot
€13 O3 €9 ON G N ot 5t vemd 000 st gmnt ot et i imd Pt it 4t nh et et

N N R o T T N o g . . o S, . S S, S o o g o o,
NON = QRO ONNDMON =~ SN o+~ O
lD(Dl\meONO)(DNMlOOOClﬂOd‘KDIbNL‘)
QOOQO—-—#-—N:"JFJC"JF!‘Q‘Q‘W\Q‘&!D IN

n . . OIS -

'OOQOQOOOQOCQOOOOOOCOOO
N et e e el o S Nt e S |
SONOVLD = ONOFFONNO I NIO
N OO NDONIUNOMUD M OB PO RVN

RN R NN RS
QOOOOCO——ANANMMNMN I PN

3. KSPP (V) 1x4x0.9; KSPPB(K) 1x4x0.9;

NONOOTDO
“ar e oaes o

- 281 -

dance,

ic impe

5. Absolute value of the characterist

o.
(=]
~

OI‘)
(@]
i
L
=]
o
o~
ES]
3
*n
9] =
= ]

o~ +

o) o
g-aﬂj
~

o Y4

8%
E‘-.Eu
ER
[« Rt
i
&80
S~ U4
e
~N g Q

3]
L3
a4 Q
mw o H
oo
- U W
S o
[SEL =B ¥
2] 0]
358
- O
—
33
~ &0
n

3

Q—l<ﬂ§

- <0

Key



APPENDIX 5

THE ELECTRICAL CHARACTERISTICS OF OPEN WIRE COMMUNICATIONS LINES

TABLE P.5.1. The Frequency Characteristics of Two Wire Steel Circuits
With Diameters of 1.5 and 2 mm
(Humid, temperature +20° C)

TaGanua M5.1

YACTOTHBIE XAPAKTEPUCTHKHM JABYXMPOBOIHBIX CTANbHBLIX LEMNER
C NHAMETPOM 1,5 u 2 MM

{Cmipo, TeMnepatypa 4-20°C)

"1 Moayan .
"~ Yaero- Kosdpdunuenr saryxa-! monnosoro | Kosdduuuenr saryxa-|Monyas sonHo-
1 TA 5"5' AB/km (Hn/kM)-| conporus- | wisi, AB/kM (Hn/km) [poro conpornp- 5
* X'y . - |nenns, OMm | 4 Jienusn, Om *
I d=1,5 MM 3. I d=2,0 MM
aw=20 cM
0,3 0,237 (0,0273) 4100 0,178 {0,0205) 3084
0,8 0,347 (0,0400) 2640 0,252 (0,0290) 2130
2,0 0,498 (0,0573) 1990 0,412 (0,0474) 1695
5,0 0,912 (0,1050) 1620 - 0,742 (0,0854) 1380
a-#36 M
0,3 0,220 (0,0253) ' 4330 0,166 (0,0191) 3243
0,8 0,330 (0,038 2795 0,237 (0,0273) 2245
2,0 0,472 (0,0543) 2096 0,387 (0,0445) 1796 -
5,0 0,830 (0,0955) 1706 0,697 (0,0803) 1460

Key: 1. Frequency, KiHz;
2. Attenuation factor, dB/Km (Nep/Km);
3. Absolute value of the characteristic impedance, ohms;
4. Attenuation factor, dB/Km (Nep/Km);
5. Absolute value of the characteristic impedance , ohms.
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APPENDIX 6.

NORMS FOR THE ELECTRICAL TRANSMISSION CHARACTERISTICS OF TELEPHONE COMMUNI-
CATIONS CHANNELS AND THEIR MEASUREMENT

The Frequency Characteristics of the Residual Channel Attenuation

The maximum distortion in the amplitude-frequency characteristics of communi-
cations channels on local communications sections (rural telephone networks),

equipped with HF multiplex equipment, should be no greater than the amounts
cited in the Table.

TABLE P.6.1l. Distortion in the Amplitude-Frequency Response

HCKAKEHHST AMIVIHTYJHO-YACTOTHBIX XAPAKTEPHCTHK

Hsmenenne BenNUYHHE [OCTATOMHOIO BATYXAHHS OTHOCH-
Fﬁﬁ&%%ﬁs‘z ru TenbHO ero sHaueHus Ha wactore 800 I'y, aB/Hn 1.
1]
) ’ passband, Hz 2. npeBHenne I 3. SHHIKEHHe
300400 (6,94) (0,8) (1,91 (0.22)
400600 ' (3.90) (0,45) (1.81) (0,22)
6002400 (1,91) (0,22) (1,91) (0,22}
2400-=3000 (3,90) (0,456) (1,91)(0,22)
30003400 (6,94) (0,8) (1,91)(0,22)

Key: 1. Change in the magnitude of the residual attenuation with respect to
its value at 800 Hz, (dB) (Nep);
2. Excess response;
3. Deficient response.

The frequency characteristics of the residual attenuation of a channel are
measured in a four wire termination of the transmission channel at the -13.02
dB (1.5 Nep) and +4.34 dB (0.5 Nep) points in all channels of the HF multiplex
system, both with and without the companders.

The transmitting station alternately feeds to the -13.02 dB (1.5 Nep) point
of the channel an AC signal from the generator having an output impedance of
600 ohms, at frequencies of 800, 200, 300, 400, 600, 800, 1,200, 1,600, 2,000,
2,400, 2,700, 3,000, 3,400, 3,500, and 800 Hz and a level of -1.5 Nep (13.02
dB), which is monitored by the level meter, the UU.

Using the level meter, UU, with an input impedance of 600 ohms, measured at
the receive station at the +4.34 dB (0.5 Nep) point for the KNK-6S and KNK-6T
equipment, are the +6.08 (0.7 Nep) receive levels of the corresponding channel.

When several retransmission sections are present on a line, the frequency
characteristic of the residual attenuation should be measured over again on
each of the retransmission sections, and then for the case of sequential
through working for all sections of the line.
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The magnitude of the residual attenuation of the channel frequency response
at each measured frequency is computed from the formula:

8 % Piyans ~ Prec dB/Nep

where ptrans is the transmit level at the -13.02 dB (1.5 Nep) point;
Prec is the receive level at the +4.34 dB (0.5 Nep) point.

The Amplitude Characteristics of the Channels

The amplitude response makes it possible to determine at which maximum signal
level at the input of the channel the sharpest increase in the nonlinear dis-
tortion occurs in the channel.

The amplitude response of the channels of HF equipment is measured at 800 Hz
at the -1.5 Nep (13.02 dB) and the +0.5 Nep (4.34 dB) points of a four wire
channel termination at each retransmission section, and between terminal sta-
tions. '

When amplitude limiters and companders are present on the HF multiplex equip-
ment channels, the amplitude characteristic of the channel is measured anew
when the amplitude limiters and companders are switched out, and then when the
amplitude limiters are switched in and the companders are switched out in or-
der to establish the proper operation of the amplitude limiters.

The frequency response of the channel is measured with an 800 Hz generator,
two attenuator decades with an input impedance of 600 ohms, and two tone fre-
quency level meters, with inputs balanced with respect to ground. The trans-
mit station feeds through the attenuator decade, the MZ, to the channel input
at the -13.02 dB (1.5 Nep) point the following levels, sequentially, at a fre-
quency of 800 Hz: -13.02 (1.5); -21.71 (2.5); -13.02 (-1.5); -11.29 (-1.3);
-9.55 (-1.1); -8.68 (-1.0); -7.81 (-0.9); -6.94 (-0.8); -0.7 (-6.08); -0.6
(-5.21) [original text inconsistent]; and -1.5 (13.02) Nep (dB) when the limi-
ters and companders are switched out. With the amplitude limiters switched

in and the companders switched out, the signal levels at the input of the chan-
nel at the -1.5 (-13.02) point should be: -1.5 (-13.02); -2.5 (-21.71); ~1.5
(-13.02); - 1.1 (-9.55); -1.0 (-8.68); -0.8 (-6.94); -0.5 (-4.34); -0.3 (-
-2.60); -0.2 (-1.73); ~-0.1 (0.86); and ~-1.5 (-13.02) Nep (dB).

The 600 ohm input impedance level meter at the receive station is connected

to the HF system channel being measured at the +0.5 Nep (4.34 dB) point [+0.7
Nep (6.08 dB) for the KNK-6 equipment] through attenuator decade MZ2, on which
the attenuation should be set so that a receive level is obtained which is
suitable for readout on the level meter.

The magnitude of the change in the amplitude characteristic of the channel is
computed from the formula:

trans  Prec’ Nep (dB),

Ap - = p




where pDipapg 1S the transmit level at the -1.5 Nep (-13.02) point;
Prec 1s the receive level at the +0.5 (0.7 Nep) point [4.34 (6.08) dB]
[sic]. ’

The residual attenuation of the channel for one retransmission section, or
between two terminal stations (without retransmission sections) should remain
constant within 0.05 Nep (0.43 dB) when the level at the input of the chanmnel
is increased from -2.5 Nep (-21.75 dB) to -0.7 Nep (-6.08 dB) when the ampli-
tude limiters and companders are switched out, and from -2.5 Nep (-21.75 dB)
up to ~-1.1 Nep (-9.55 dB) when the amplitude limiters are switched in and the
companders are switched out.

The distortion in the amplitude response of the channel when the amplitude
limiters and companders are switched in on one retransmission section, should
not exceed (1.47 dB) 0.17 Nep.

Measuring Noise

The amount of noise in the channel, as a rule, is evaluated by measuring the
psophometric noise voltage. In this case, a distinction is drawn between the
internal noise of the channel and the overall (total) noise. Internal noise
in the channels is measured in the absence of transmission by the HF multiplex
equipment on all channels being measured and via channels corresponding in fre-
quency which are used by equipment operating on parallel lines.

The overall channel noise is measured at the peak load hours for the channels
used by the HF multiplex equipment being measured, and the equipment operating
on parallel lines, and both ends of the channel should be loaded into 600 ohms.

The nose voltage in the channels is measured with a noise meter having an in-
put impedance of 600 ohms which is balanced with respect to ground. The in-
strument is connected at the terminal (retransmission) stations for HF multi-
plexing in turn at the (4.34 dB) +0.5 Nep points [at the (6.08 dB) +0.7 Nep
point for the KNK-6S1 KNK-6SM and KNK-6T equipment]. In this case, the oppo-
site end of the channel being measured should be loaded into a 600 ohm resis-
tor (when measuring the overall noise).

If the HF multiplex equipment channels are outfitted with compander (noise
suppressing) devices, then the noise measurements are performed both with the
compander devices switched in and out.

The psophometric noise voltage at the 4.34 (6.0 dB) +0.5 (+0.7) Nep point of
the telephone channel, which is measured with a noise meter at the peak load
load hour for the multiplex equipment for one retransmission section of a line,
should not exceed the quantities in Table P.6.2.

For a retransmission section which differs from the norm, the measured amount

of noise is multiplied by the factor v7/l, , where 7 is the length of the re-
transmission section which exceeds the normal length.
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TABLE P.6.2. Psophometric Noise Voltage, millivolts

Relative level at the
multiplex equipment
points, dB (Nep)

4,34 (+0.5) (without
companders)

6.08 (+0.7) (without
companders)

4.34 (+0.5) (with
companders)

V-2-3 KNK~6
(voz) V-3-38 BO-3-4 ST O° o KNK-12 TRM-12M

5.8 5.8 5.8 - 1.9 1.9

- 1.42 0.82 0.94 - -

Note: Climatic conditions:

-- For steel open wire line circuits, "summer - humid" at an air tem-
perature of +20° C;

-- For cable lines, the ground temperature is +20° C at the burial
depth of 0.8 m.

In this case, the overall magnitude of the noise is determined from the for-

mula: __
- [ 1
U = U Y == millivolts
n n nor. sect I,

If there are n retransmission sections in a channel, the resulting magnitude
of the noise voltage is determined from the formula:

Vum VT BT B,

where uy, u2 and u, are the respective magnitudes of the noise voltage meas-
ured at each retransmission section of the channel.

In the absence of a noise meter at the terminal (retransmission) stationmns,
the amount of noise in the channel can be measured (approximately) using a
wideband level meter of the UUP-300, IU-600 types, and others. In this case,
when the noise is uniformly distributed over the channel spectrum, the pso-
phometric noise voltage is computed from the formula:

775¢e”

m K ’

MB,

where p is the noise level in nepers measured by the level meter at the
(4.34 4B) +0.5 Nep point of the channel;
k is the psophometric factor, equal to 1.33 for channels with an ef-
fective transmission passband of 3,100 Hz.

The Nonlinear Distortion of a Channel

Nonlinear distortions of a channel are measured at 800 Hz using a S6-1
(INI-12) type instrument.
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When organizing the measurement circuitry for the nonlinear distortion of a
channel, the magnitude of the nonlinear distortion factor of the measurement
generator at 800 Hz and a level of -13.02 dB (-1.5 Nep) is taken into account.
The magnitude of the nonlinear distortion factor of the measurement generator
should be no more than 0.5%. :

If the measurement generator has a nonlinear distortion factor greater than
0.5 %, the measurements are to be carried out using a low frequency filter,
which suppresses the harmonics of the primary 800 Hz frequency.

Nonlinear distortions are measured in the four wire part of the channel be-
tween the -13.02 (-1.5) and 4.34 (+0.5) dB (Nep) points in both transmission
directions, both with and without the companders.

At terminal (retransmission) stations, the multiplex equipment for all channels,
other than the one being measured, is loaded into an impedance ohms at the
-13.02 (-1.5) and +4.34 (0.5) dB (Nep) points. The 800 Hz generator signals

at a level of -13.02 dB (-1.5 Nep), which is monitored on the level meter, the
UU, is fed through a low frequency filter to the channel being measured for

the transmitting station at the ~-13.02 dB (-1.5 Nep) point.

The nonlinear distortion of the channel is measured at the receive station
at the 4.34 dB (+0.5 Nep) point [at the 6.08 dB (+0.7 Nep) point without the
companders for the KNK-6S, KNK-6SM and KNK-6T equipment] using the S6-1
(INI-12) instrument with a 600 ohm input.

During measurements with the S6~1 (INI~12) instrument, the nonlinear distor-
tion factor in the channel is read from the scale of the galvanometer directly
in percent. The nonlinear distortion factor in the channel when the amplitude
limiters and companders are switched out should be no more than 3% for one re-
transmission section, and with the use of a compander, no more than 5%. Where
there are n retransmission sections, the nonlinearity factor for the channel
should be no more than 3¥n and 5/?? % respectively.

Channel Stability

Any telephone channel, equipped with amplifiers, should be stable against self-
excitation under any unfavorable operational conditions that may arise during
the operational process.

One of these conditions is the no load mode (open circuit), and for this rea-
son the stability reserve of the telephone channels is checked in the no load
mode (open circuit). The stability reserve of a channel is checked both with
and without the compander devices in the following sequence.

The channel being tested is set for no load (open circuit) at both ends (with
the through working amplifiers inserted at the -6.94 dB (-0.8 Nep) level points).
Then wideband level meters, UU's, with a high impedance input or high impedance
headsets for monitoring the appearance of oscillation in the channel, are con-
nected to its ends.
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After this, the gain of the amplifiers of the tone frequency multiplex equip-
ment is slowly increased in the receive direction at both ends of the channel
until the oscillation threshold is reached, which can be heard in headphones
or seen by the sharp increase in the readings of the UU level meters, which
have shown an insignificant level of noise until this point. The increase

in the amplifier gain is stopped at this point.

A signal generator with an output impedance of 600 ohms operating at 800 Hz
and a level of 0.0 dB (0.0 Nep), which is monitored by the level meter, the
UU, drives the channel being tested at the transmitting station at the -0.8
Nep (-6.94 dB) of the two wire connection of the channel. At the similar
point at the receive station of the channel, the generator level is measured
using the level meter, the UU, having an input impedance of 600 ohms.

The magnitude of the channel stability reserve, o, is determined from the
formula:

a; 1 a

0—0.8(6,94)-—-( 2

), aBb/Ho,

where 6.94 (0.8) is the nominal residual attenuation of the channel in
dB (Nep); . :
a] and ap are the magnitudes of the residual attenuation in dB (Nep)
measured in both transmission directions at the oscillation threshold
of the channel.

The magnitude of the channel stability reserve for the HF multiplex equipment
in the no load position (open circuit) should be no less than 5.21 dB (0.6 Nep).

When there are three to four retransmission sections present, the stability
reserve of the channel, which is determined under the same no load conditions
from both ends of the channel, and when the through working pads are switched
in, should be no less than 4.34 dB (0.5 Nep).

The Isolation Against Audible Crosstalk Conversation Between Channels

The isolation of a channels shows how much weaker the crosstalk conversation
level is in the given channel than the level of the useful signal.

For various channels, the magnitude of the isolation fluctuates within rather
wide limits, depending on the multiplex equipment, the line installation and
the function of the channel. The isolation is evaluated from noise measure-

ment data for the channel, both at its near and far ends at a frequency of
800 Hz.

Measurements of the amount of isolation of the channels are made between
the channels of one HF multiplex systems, both at the near and far ends, in
four wire terminations of the channels in both transmit directions.
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Prior to measuring the isolation magnitudes for the channel, it is necessary
to establish the normal transmit levels at the +4.34 dB (0.5 Nep) [for the
KNK~6S, KNK-6SM and KNK equipment, +(6.08 dB) 0.7 Nep] and measure the psopho-
metric noise voltage, Vn, in the channel. In this case, the inputs of the
channels at both ends should be loaded into 600 ohms.

Thereafter, the signal generator operating at 800 Hz and a level of -13.02 dB
(-1.5 Nep) which is monitored by the level meter, the UU, drives one of the
channels (the interfering one) at the transmitting station at the -13.02 dB
(-1.5 Nep) point. At the output of the channels of this station, the induced
noise voltage is measured at the 4.34 dB (+0.5 Nep) point with a noise meter.
Each channel in turn becomes the driving interfering channel.

The voltage of the noise induced in the channel is determined from the formula:

2 2

. , = /U -u . , millivolts
ind. noise meas. noise
where UmeaS is the measured total noise voltage, consisting of the internal
" noise voltage of the channel and the voltage of the induced
noise;
. is the inherent noise voltage of the channel.
noise

The magnitude of the channel isolation in nepers against audible crosstalk
conversation is determined from the formula:

Ai = In 1,280 , dB (Nep)
ind. noise

where 1,280 (1,560 for KNK-6S, KNK-6SM and KNK-6T equipment) is the 800 Hz

measurement frequency voltage at the 4.34 dB (+0.5 Nep) point (6.08 dB [+0.7

Nep] point for the KNK-6S, KNK-6M (6T) equipment), in millivolts.

The isolation against crosstalk conversation between the channels, both at

the near and far ends of the same or different HF multiplex systems, operating
on parallel circuits is measured on a four wire termination of the channels

in both transmit directions for identically named channels.

The isolation against audible crosstalk conversation between the channels of
one system, measured at 800 Hz, on one retransmission section both at the near
and far ends, should be no less than 60.8 dB (7.0 Nep).

The isolation against crosstalk conversations between the channels of systems
operating on parallel circuits for one retransmission section both at the near
and far ends should be no less than 46.9 dB (5.4 Nep) for open wire steel lines
and 50.4 dB (5.8 Nep) for cable lines.

For a retransmission section which differs from the norm, for example, on the
low side, the amount of isolation should be determined from the formulas:




—- For steel open wire line circuits:

- 1, 1n
Ai = 5,4 + 2]111d
-— For cable lines:
A, = 5,8 +-11nEE
i * 27719

where 1g is the actual length of the line over the retransmission section.

The amount of isolation between channels on one section in the presence of
several repeaters is determined from the formulas:

—- For steel open wire lines:

_ 1 1 1
A; = 5.4 + —zlnn +_21n_ld
—— TFor cable lines:
_ 1 1 1y
Ay = 5.8 + —21nn +-—21n-—1d

where n is the number of channel retransmissions.

8225
CS0: 8344/4392 END
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