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Introduction

Radio-relay lines is a neane of communicatiny in the Goviet Union.
Together mih cahle lines tihey torm an nteprat>d far-flang inter-urban
telephone, telegecaph ane TV revwork 1o the chantr.. A lapre portirn of
TV channels aus = certair navt of irter-rrhan telephene and radio-

broadcastin” channe.s repefil on racro-relay lines.

At present ~adic-relay -nd craxial-canic lines make it pessible te
receive the Jentrel TY prograrmes oNa 1ir,m¢ Arca c® the country and
also to carry on an intencive axnchanse of T Py cTammes amoti’ che Soviet

cities ond with tha "Intervicion” and "agevieion v, twork.

Thousends »1 kilcmetres nf rrelo-rvelay ifines have seen crected
along power»transm]ssior 11426 gen ond o1l pioclines and railrecads to
control their produciiny pproce~ges. These Lynes of technolesical commu-
nication are ¢“ten equipped by TV channel. wi*h a TV progrimme branched

of f tc “he irmizmy £mations along the linz.
t.

In +he dernzely prpuates 3ieas »f th2 cauntiry line—of-sight radio
repeaters airc vaitt, 2g . orule. Tropospheric communication radio-relay
lines are tunty U e tob, i3k conmunication in the hardly-accessible or
gearcel; pcousated ardes, O shert—wave raulc sommuaication channele are

ugsed for thr mirpas:.

The r=dic-reiar lines may he claseified according o their applica-

tion in the fclloving way:

1. Largo-caracity trank lises. These lines, a3 a rule, are consid-
erably longs and ar: 2qaipped with nre or several telaphone trunk lines

and always Yv 2 TV trunk line.

2, Medium capaciuy lines meant for branching off trunk lines at
certain direciion: where tie noed £or comm.nication ie not likely to
jncrease i sLa.uite.

3, Small capreity wrdi-rclay linas, with aot more than 24 telephone
channels, frr lcal ~omaunizat "n. Tl pmant with both frequency and

time disconrnectlos AT saANNLLE ‘g emnloye! rothese lines.
Since tl1: report deels sith the probvlous of servicing and repairing
radio comrunication emi.pment, mentlon shouild be madr first of the main

rules of maintenance .. finec in the process of designing.

4______________________----llllllllIllllIlIIIlIllIllIlllllIIIIllllllll.l"l.lllll.lll
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1. BASIC RULTS OF !IAINTAINING RADIO-RILAY LINES
DETLRI‘INTD IV PROCESS OF DUSIGNINHG

The principles and thc echeme of maintairing each radio-relay
line are determined in the procecs of designing. In the period when
the direction of a line and the 'ocation cf stations are determined
special stress 1s laxd on the approaches to the stations and also on
power and water supply. Besides, when the places are chosen for the
permanent-maintenance rapeating stations (hub, main and terminal
stations), the living conditions of the servicing personnel should be
taken into account, as the proximity of schools, shops, cultural centres,

etc.,

A radio-relay line project also provides for the transport ser-
vicing of the line which includes the construction of garages and repair
bases. At the same time the questions of administrative sub-division
of the route into regions and sections 1s decided. The project also

envigages the construction of houses for all these services.

In view of the extent of experience and the state and length of
approaches it has been decided that one repair base on the route is
able to service two or three repeating gstationz without stationary
repair facilities of their own (non-serviced stations) in each direction
from it, as the time of reaching such a station from a repair base

should not exceed 2.5 hours.

Though constant presence of the techmical personnel at the 'non-
gerviced" stations 1s not envisagel, however, a smali dwelling house,
water supplies, etc. should be at 2very non-serviced intermediate
station. During the adjustment period the viciting experts siay in
that house and during the servicing period the houce is used for creating
the necessary conditions for the arrivin: repair teams. The expenditures
on the construction of these houces account for an insignificant part
of the whole cost of the line and are well sustified by the conditions

they provide for making ¢ood repair.

An establishment uhich in future should carry out the servicing
of a given line is determined in the process of designing. According
to the existing repulations, the general guidance of the technical

maintenance of the radio-relay communication lines is exercised in the




Soviet Union by the lMinistry of Communication with specialized depari-
ments under its direct control. fThere departments are responsible for
the technical maintcnance of the sections of radio-relay communication
trunk lines assigned to them. “ach such specialized department,
according to speciilc conditlong, €.4sures the technical suidance of the
maintenance at a section of a radio-relav line or several lines with
their total lengsth ranging from 2 to 31,5 thousand xilometres. The
gection gerviced Ly a2 specializeu department, in 1ir turia; 1€ divided
into smaller sectiong, from 500 to 700 tri, hich are maintained by the
technical cervicins resionsz. The malntenance perconuel at radie relay
(repeating) stations i3 directly cuvordinated to the region authorities,
the latter beirg under a lepartment's control. ®i,~. 1. shows the pattern
of the department and regional cervicac. It sho:ll be also noted that
a considerable number of the speciaLized departments are engaged in the
gervicing of cable communication lines, apart from radio-relay lines.

Such a combination ig believed %o be expedient anu economical for orga-

nizational reasons.

Repair bases are set up to carry oul emergency repairg or preventive
maintenance at the non-serviced radio-relay cstations along the route.
A repair base congists of technical vremiser, a [Jarasc for twoe or three
automobiles and a dwelling house for t=-iv flats ‘The technical premiees
jnoclude a radio workshop, a nachine shop and a store-roon. In some cases
all the rooms of the repair base are nouged in one buildin: together with
& garage. o 3 rulcy the .asce are lo~ated oun the territory of radio-
relay stations, preferably at hub or auxiliary ctations which 1s conve=
nient in that the problems of wcter and power supply, the telephone
communication between the base and the line, andi other problems can be
solved easier that way. In some cases the Hases arc houned together

with the administrative offices of regions and departments.

According t¢ its functions the technical personnel may be sub-
divided, conditionally, into two sroupg: one performins the operations
directly at the repeating stations, 1.c. hac to travel alon~ the route,

while the otner works in the shors of this or other base.

The major task of the first sroup 1= trouhle-shooting at the non-
serviced stations of a radio-relay line and also all kinds of the

praventive overhaul and repair of noi interchangeable equipment units,
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since the interchangeable units are repaired at the workshops of a base.
To carry ouu its mission, the firet group is given a specially equipped
automobile for the purpose. It haz for instlance, shocli-absorbing
devices for carrying measuring lrstruments, spare cquipment 'nits, spare
radio valve,; Jomu—oUoudenOl Jhisolulic! '8, various spare parts, toole

and all sorts of other acressories. he motile (or travellin-) gronp
includes: @« radiv engincer who i1a the leader of thc orour, an automa-
tion engineer, a scnior power technician, ant =zeveral cther technicians.
A travelling repailr tean 1s compriscd of specialists experienced enough
in their job. The senior nower technician 1s respens:ble for the work

of the whole equipaeni of diesel renerators, transformer sub-stations,
and guaranteed power supoly sources. The automation engineer is respon-
gible for the gooud tunctioning of 2li the distance-control and signalling
devices at a non-serviced station und the section at which there are
gtations having n common auto.ation system. A travelling group may
include other spccinlists ‘ac a lockemith, or a welder) to perform sched-
uled mainternan~e  All the members of a travelliny gooup, ilve, as a
rule, on the premises of a base and, if necessary, can reach th: place

of trouble fast. +‘he group alsc inciudes stvands-in vho work all the

time in the shops znd join the group if any of its rembers falls 111.

As it han heer wentioncd above, no repair of interchangeable equip-—
ment units is done on the spoi but in the workshops of a base. To do
the repairs ani the zdijustment of the unite the shops are provided with
gpecial %c07.; levliocs, obwidley and oo ooring iastruments.  The stands
are used “or the adjusiment cof the equ:pment units. Racks or equipment
units adapied mechanically and electrically for being connected to the
necessary measurirng instruments ard providing an easy access to all the
regulation elements in “he units which are to be adjusted may be used

for the adjustmen* purposes.

Below is *hre list of the main repair bases used by the shops and

travelling groups.

Channels of telephonc communicat’.on between a basec and the nearest

gserviced station and also for the management of the technical servicing

region are designed 7or an efficient centrol over the work at the repair

bages.




2, PERSONNTL TRAINING FOR STRVICING RADTO--RTLAY LINTY

According to the missions performed, the technical personnel is
gub-divided into maintenance and control cateporics. The first one is
occupied with the provlems of cquipment malntenance; OTy in other words,
it performs a round-the-~lock dutr at theosc radio-rel s stations which
are to be servicel. Duch ctations include, in the main, the terminal
and hub ones. The group (or the shift) includes an engineer vho acts
ag its chief and two or .throe techniciang, depeundins upon the amount of
the equipment installed at the station. At the communication routes of
less importance the sroup (shift) may be headed by a person with
secondary technical education provided he 1is experienced enough in the
job. Tach cf the shifts remains on duty for six hours and 15 responsible
for the normal functioning of not only the stations it services but also
the section of automatically controlled radio-relay stations assigned
to it.

The second category of control (non—shift) personnel includes a
chief ergineer who is the head of the station and trunk-line engineers
who are the stafl members only at the main stations. The staff of the
trunk-line engineers 1s selected in such a way that there would be one
engineer per evcry TV and telephone trunk line and per every communica-
tion route with tie length of the gection heing no less than 500 km.
The main tack of trunii-line engineers 1s to maintain the clectric
properties of the trutls lines of thu radio-relay lines within the set
norms, to analyse the work of the equipment at each ~eparate station
and along the TV ~nd telephone lines as a whole, and to carry out the
electric measurements of the trunk lines. In cases vhen the apparatus
of telephone trunk-line multiplexing are placed 1in one technical
building with the equipment of the hub and terminal repeating stations,
their servicing is exercised by one separate group of personrel sub-
ordinate directly to the management of the tachnical servicing region.
And if a small number of telephonc channels (17-24) is assigned for a
radio-relay stution out of the whole lot the servicing of the equipment

is performed by the snift and staff personnel of the radio-relay station.

The alove principles of serviciing refer, in the main, to the line-—
of-sight relay repeaters supplied with the most up-to-date Soviet-made

equipment. 'The intermediate relay repeaters of tropospheric




communication and the station equipped with older apparatuses, or the
stations with new equipment but situated in the repions of the country
which are difficult to access are, as a rule¢; serviced (have pormancnt
maintenance). The personnel at these stations end composition ot the
shifts are determined by the concreto servicing conaitions at a given
station. The staff of tropor;phirie cemmunication ctetions mclude
additional members for auxiliary servieing: coolt; diesel-enpgine
operators, medical persounel, power experts, and so ou. The servicing
of such stations 1ig perforacd by an “wxperditionsl" methed 1.c¢. the
technical personnel ;oce to the staticn for tuo woeis or nore. These
gtations have alli the necepsary conditions for a long wtay of the

technical perconnel there.

Since the ;inistry ot Communication possessco 2 great amount of
all sorts of technica. means, our hicher and secondary technical ecduca-
tion establishments (communication institutes anl tcchnical schools)
train experts with a broad fi»ld of specialization. The servicing
establishments of radio-relay lines are rtaffed maiuly by the specialists
whe have graduated from a "Radio communication and Broadcasting" {aculty
at an institute or a technical school which trains specialicts for
radio and TV centers, radlic communication and radio-broadrasting cnter-
prises and corresponding reccarch inciitutes. Upon rraduating from an
educational establishment the specialists coming to the place of their
assigned job should undergo practical traiuailip therc to worl: properly.

Various forms of additional trai.lic are oryanized for the youny

gpecialists, to keep their professional lewvel uy 1o the mark. Their
primary task is to masier in detail the equipment uccd there.  The
practical study of the problem is s0ing on in she laboratories of an
snterprise wherc special stands imitating a radio-rclay line arec used.
This enables them to study the equipment and the methods of measurement
most efficiently. The theoretical study of the principicc and the
gpecific features of the equipment inrtalled at radio-relay communica=-
tion lines is carried out at the short-term courscs set up at a Jdepart-
ment. The lectures at the courses are delivered by the mosi competent

specialists.

Apart from the young upeciélists, the techaical training at the

department involves the whole personnel. Therec exists a practice of




training through reading lecturcs on communication channels, and also
TV channels within the limite of onz lia~ or a vholc network of TV
channels. The reader speaks from a studio of a TV center or a video-
telephone station. At present this method of techiical training has
become most widesprecad. It makes i§ possicle to invite the best
specialists €pom recsearcl institutes or onterprisces to deliver the
lectures. To 1llustrate, lectures o various theoretical problems of
radio-relay communication, and on nor cquinpmeut are delivered from
Moscow twice a monti. throush the ™ channels of the radio-relay network.
The lecturers are the most competent instructors of hisher educational

establishments or rescarchers.

The training at the center or at ei..ueprises is planned before-
hand. The plan includes the most topical subjects or those which
turned to be poor:y mastered (vhich was revealed at a preceding exam).
very year the wnowled;e o the equipment y the whole technical
personnel servicing radio-relay lines is checked apon by a commisgion
headed by the chief engincers ol the regions together with the chief
engineers and leaders of the repair bases. This measure facilitates a
better mastering and servicing of the whole equipment and installations

by the personnel.

3. BRITF SPUCIFICATIOQUY OF RADIG-RTLAY “NMUIPIDI'T

The radio-relay equipment ured in thriz country 1s sub-divided into
two main types according to thc difference in .ave propagation: the
line-of-sight equipment (or unzi-optical visibility ecuipment, to be
more precise), and the equipment used on the lines there the long-
distance tropospheric wave propasation effect 13 employed. The latter
type gives us an opportunii- to carry cu only the transmissions along
60—-channel telephone communication lines iith the distance between
repeating stations bein:; eround 300-400 km. The desizniiye of the
tropospheric communication equipment for the transmission along 120
telephone channels is nearing completion at present. A nev kind of
radio-rela; communicatior with the use of the larth artificial satellites
has been used widely 1n recent ycars. Thus, 1. April 1965 the Soviet

Union made a successful launching of the jiolnia-1 satellite nmeant for




TV and multi-channel telephone commurication hetween loscow and

Vladivostok which is intensively at work now.

In the Soviet !Union maiul:’ the equipment prodiiced in this country
and also that manufactur=d by the lungarian "3udavox' association is
uged at the radio-relay lines. “he Duldavox association supplies to the
Soviet Union the equipment of the G7T 4,000/60C and =26 types. The
latter ie the small=-capacity radio-relay equipmeat (i.c. with a small
number of chanaelc) having pulse-phase modulation, no' widely used in the
construction of radio-reclay communication lines along railways, oil and
gas pipelines and for carrying on tclephone communication ingide a region.
In 1969 Hungary started to supply the irunk-line radio-relay equil pment
of the "Druzhba'" type developed on the bvaosic of bilateral technical
co-operation between Mungary and the Soviet dnion. The table civen. below
contains the brief technical specifications of the radio-rciay equibment
which at precent 1s installed on the lines or whose series production 1is

planned to begin in the near future.

A proper supply of electric power to the station is of much imﬁor—
tance for ensuring the set reliability and authenticity of radio-relay
communication channels. It is seen from the list of the main specifica-
tions of radio-relav equipment given belou that all the equipment used
on the lines is desigmned for the power cupply from a.c. sources which is
accounted for by the fact that many eclectrovacuum iastruments installed
in the equipment (as ceramet triodes, klystron, travelling-wave valves)
require a comparatively high voltagze which can he obtained only through

transforming low voltage an! rectifying high a.c. voltagze.

The decigners of radio-relay repcating stations try to supply them
with power coming from two indepenient sources, 1.€. they envisage the
construction, where it is ecc omically reasonable, of two independent
power—-transmission lines. Hovever, ihe feediny of power to a station by
two independent sources in some cases loes aot yet colve the problem of
a steady poer supplv. During violent storms - in cagc power is fed to
the stations through overhead pover transmission lines - hoth lines may
often get de-energized. Ior that purpoce autonmated diesel penerators are
installed at the stations regarding concrete conlitions. The expericnce
of servicing the first repeating statiorns has shown that voltage stability

plays no mean role in ensuring the set authenticity at their telegraph
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channels; anc it is rot tio clow ilteretione iu the wvoltag: of the
ocurrent fed there Yut tihe sharp reductions which tho electronic stabi-
lizer iz unabl: to comueasat~ thit arc most dunsernus. This voltage
instabilivy 1¢ ofter to'te lace ustrial arear ith their bhuge
power consumes’s SWatciis., o1 UOW & o aaf. The :zharp voltare reduc—
tions at repea*in~ si7%1~75 1.0 eompensatel wioa the holp o7 metor
generators wich irerifa riywneels, hick makes the power supply to the
equipment 1. dwnerdont of the power maine whea necessar,. Converters of
direct surre:t ints alierra‘in; current wiich rceive a.c. voltage from
a siorage btattar; and get an aditional charpe rror a cectifier connected
to the ert2inzl pover=sa~tl s notoori are wed for the vory same purpose.
The role o t . d-mp1ne c’emeat 1o the gritem 1e plare. by the storage
battery. Therc are tud ltyves of puaranteed nowelr—spply installations
used currently ia the rad.d>-rersy neiworx: diesel -generators with
inertie flywhce.s and =ntor-gsnerators alsc with liertia flywheels.

Below =re :-h: schere..: ¢iagams ol thesc installiations and their

propert.ics.
1id. ns
/ ;
\ oP:mtrnl panels
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load

#G-20 (Mechanical Diesel Generator)
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The operation of the 20 kw guaranteed pover eupply device (iDC-20)
depends on the principle of mechanical connection with the Diesel. The
installation contains:

a) one or two units with a flywheel (cepending on the conditions
of the station's electric power supply), 22ch consisiing of an asynchro-
pous motor, a synchronous generator, a fl jwheel, an alectromagnetic

ooupling and ar Jutomated Miesel rated at 40 hps

b) an astomate? Diesel gcnerator installation ADG-4f with a 80 hp

Diesel

c) unit anc Mesel gernerator control panels.

The ADG-24 Diesel generator iti a 4C hp Dizsel can be used as an
suxiliary Diesel generator. “ut in this case the power rating of the
guaranteed pover supplvy ievice with a t1ywheel decreases down to 15 kw.
The load it applietl *2 th- terminalc of the generator of one of the

flywheel units. e second unit 18 1n Teserve.

The initial riartins of the flvwheel .nit to the gspeed of 250-300
rpm is done by the Bie~el starter  furthrr increase in rpm to the nominal
figure is effected by mecans of the NDiesel with the electromagmetic coupling
engaged. [i there 1s voitase on the station's lnput af.er the starting
is ocompleted, thne Lnit's asynchronous motor 18 piugsren into the malne,
the coupling disconnects the Diescl, the latter comes to a stande
still and the lcal T2CoT¥nB i+~ woltas~ from the renerator. if an outer
source troubdle occurs, 2 ~ulse .3 generate i.ctantly for the starting
of the flywheel unit Dizecl and the auxiliary in2sel sonerator. Refore
the Diesel is started, the load gets i1ts voltage on account of the fly-

wheel's energy. OJSiven below are the basic specifications of the unit's

components.

4 'PC~20 3ASIC SPTCITICATICS

1. Diesel

a) power reting—-4C hp
b) nominal rpm—1,150
ec) cooling--water-air (radx&tor)

d) wvoltage =40 v

2, Coupling-—-electromagnetic
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3, Inertia flywheel:
a) weight—1,520 Xg

b) radius—520 mm

4. A.C. Gencrator

a) power ratiag--23 kv
b) rmp—1,459
c) voltage-—220/38C v

d) phase conjugation YN

S. A.C. Generator

a) pover rating--24 kw
b) voltage--4U0 v
¢) type of current--three-phase, A.C., =50 c/s

d) phase conjuration: star with a neutral terminal

All the elements of the unit are mounte? on a common frame plaot&'
on shock absorbers. The instullation total weight is 3,600 kg. Overall

dimensions:

length-=4, "8G mm
width--1,21¢ mm

height (without shock absorbers)—1,615 mn

The second type of the guaranteed po'er supply unit consists of an
electric motor, an inertia flywheel and an A.C. renerator. Such installa-
tions come in two modifications with a 20-kw genera®or and with a 7.5-kw
generator, which are namcu AG=20 and Au=7.5 respect.vely.

-

The puaranteed porer supply unit rated at 7.5 'w and 20 kw (AGM-T.5;

AGN-20) consists of:

a) dependin, on the po er supply conditions, one or two flyvheel
units are mounted, cach with an asynchronous motor, a three-phase

synchronous generator anl a flywheel;
b) two or three automated Diesel generator units;

¢) contrcl panel
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AGI=7.5 and Au-20.

The starting aud running up of the fliwheel unit is affected by the
asynchronous motor . hich has a phase rotor Ilor increasin, the startiag
torque and for lowerias the startia, carrent. If therc is voltace from
the outer source, the f1-~vheel unit operatec fron the mains. In case of
trouble with the outer source, @ sulse 18 cenerated for the starting of
two reserve automated Dresel encrators simultancously, with the first
Diescl, that hac picized uo the necozsar; TeDeley toilng up the load, and
the second orn.: comins to a ~tandstill. AGI=T7.0 end AG: =70 basic technical
characteristics tollow helo.

Dependins on the outer source reliability, two or three Diesel

generators can Le installed at the stations utilizing motor—generators

with inertia flywheels.
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Bagic characteristice

&Q : By ™™ i e
1. Tlectric motor-:
a) voltage 400 380/220
b) type of current threc~ three-
phase A.C. phase A.C.
C) r.p.m. 1’420 1’420
d) power rating, kw 20 Te5
2. Generator
a) voltage 400 Wn/220
b) type of curreat ' three- three~
phase A.C. phase A.C.
c) r.p.m 1,500 1,500
d) power rating, kw 24 15
3. Height of flywheel, kg 1,520 740
4. Radiue of flywheel, mn 160 610
e “eight of installation, kg 3,000 1,850
6. Overall dimensions of the
installation, mm length length
2,970 2,225
width width
1,210 1,350
height height
1,080 1,310
5, TELZPHOND CHANNTL MULTIPLUXIiG JCUIPITIIT
To multiplex radio-rela . .ies use ir. made mostl;, of the cable line

miltiplexing equipment shich emplo,s the chainnel mode geparation principle.

The line spectrum obtainel o. +he ecuipment sutput occupies a Jx

frequency band, with . indicating Lhc number of channels made.

The

spectrum of the type ¥-24 and K—-6C channel-making equipment, designed

for multiplexing symmeiric cables, occupizs the following band:

Kmzd —— 12-10t Yc/s

K-£0 -- 12-252 ¥c/s

The line spectrum of the ecuipment usec on coaxial cables should be:

for the type X-300-cnannel cystem -- £0-1 , 300 Ke/s

for the type K-192C-channel systen -- 112-3.50C Ke/s

ij=—wide

SR A e A




In case of multiplexing a Comparatively small number of channels use

is made at radio relay lines of the equipment employing the principle of
temporary channel separation.
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6. CHARACT RJGTICS C LiLui L ¢ 1 SOUTLT TS
TO MAIVTAI{ RADIC-RTLAY LI. -5

One of the main demards ~lac:d upen tie relay lines is the high effi-
ciency of uninterrunted reliailo o mation which can ve secured vy reducing
in radio communication the nwiop - diraticn ot intarruptione necessary
for the preventive maintenance of ‘gripment, 1te repaivc and easurements.
The curtailment of such sdlwng ic larcely cenditioaneld by the rational
solution of contr>yl ani weasur »ment questiors.  ontrol over the siate
of equipment can be couc thrc.+h various measurements.  The measurements

used today can be davided into tuo topes:

I. Uniuterrupted control.

2. Provhylactic measuremerts.

In the proczass >f radio communication uninterrupted control is
effected over the chanre! main raram:ters and information transmitted
to obtain data on the quality of cormunicatiorn anc find out what measures
must be taken 1i case ¢f a deviation. 3uch cenircl, as a rule, is done by
apparatus or devices “iilt in the emipment prover.  Xperisnce sho'rs it
is efficient to continuously coniro. the Level pattern aud the level of

Jummery riolses (neai plas nollinear’ in t:laphoie trunks.

In telephone trunks o.tinuous cortrol i. usuall ' concucted over the
level pattern and, by means o tee‘-line s:cnals fed i the trunk innput,
over the transmiscion pattern, freguency and transitionil characteristics,
and nonlinearity. Coutrol of the Leve. ;attern 1n both trunks (t:1lephone
and TV) is done by neasiri :. #i ti: covi, of receptiova, the special
sinusoid voltage of a p:lot tone apnlied to tie truak input. As to the

frequency, the pilot tone ias hirher than the operatirgs hani,

Prophylactic measurements are repeatedly rade to check the equip-
ment and trunks in compliance with the racsport norms. Az for their
character, the prcphylactic measuremerts car he d1vided into station and
linear. TPor station measurements sets of measuring inctrumentes are needed
which help contrnl tlie peramcters of transce.vers, modulators, demodulators
and other auxiliary equipment. Ag t, their ~quipment, the teleplione and
™ trunks of radio relay lires are «1stinguished for their output devices,
therefore various sets of neasuring instruments are use! for lirear
neasurements.



i

For station measuremernts of transceivers the following devices are

required:

1. lcters of eamplitude-frequency characteristics and of group time
of delay for the spectrun of intermediate frequency and the spectrum of

high frecuencies.

2. "hite roise renerator for measuring the noise factor of
[ l{

receivers.

3. Reflector meter for checkirng the matching of coaxial cables

and wave guide cloments.

4., 'lave metres tor measuring high frequencies and intermediate

frequency.
5 Generators of standard signals.

6, lleters of the power of transmitters.

For linear messuremerts and the measurcments of modulators and

demodulators the fnollowing measuring ins‘ruments are needed:

1. leter of differsr*ial distortions (amplification, phase).
2, lieter of frequeancy charactcristics and of group time of delay

for the low spectrum of ¢roup froqueiicies.
3. Spectrum analyzer.

4. lMicrovolimetcer with a set of filtoers.

The four types of 2 vices mentione? above are reruirct for measuring
the trunks uced both in telephone communication and TV broadcasting.
However, for checking the Jevel of noices in telephone communication a
meter of iransitional interferences should he added up, and for measuring
TV broadcastin, a special set »f instruments 1o needed. Depending on
the purpose of mesosurements, all ihe above measuring instruments are

1 i =

manufactured fo: wvaricus limits aid ranges of frequencies to be measured.

So far, ail measuving 1nstrunents for station and linear measure-
ments consist of ;eparate devices. Dome of them have been developed
especially for measurin: e certain type o7 equipment, while others are
malti-purpose¢ instrunents. At present, measuring racks are being devel-

oped 30 a3 to conduct a complex of measuremenis. 'Thus, measuring racks
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are expected to be made for the measurement of the needed parameters of
transceivers; measurement of modulators and demodulators: linear measure-
ment of telephone trunks lor conducting all kincs of 7V trunk linear
measurements the industry hes evclved a set of special measuriy, i1nstiruments

ensuring:

a) generation of TV test signals
b) measurement of residual fading

o) measurement of intermediate characteristics within a long space
of time

d) measuremcnt of nonlinear distortions of imasc sigral and sound
accompaniment

e) measurement of nenliunear distortions of synshroimpulses

f) measurcrcat of fluctuating noises and periodic vicdeo and sound
interferance

g) measurement of emplitudc characteristics along the vidceo and
sound spectrum

h) generation of sound frequencies.

All the afore-mentioned principles of measurement are referred mainly
to radio relay lines of large and medium caracity. The electric control
principles of the equipment at the radio-relay "iies of small capacity are
gomewhat different. As a matter of fact, the transceivin- cguipment of
+hese lines have small dimensions, thus it can be cazil, replacod in case

of need. This obviates various measurements at intermeliate stations.

The repair and measurement of thc nquipment of the radic~relay lines
with a small number cf trunks ie made in workehovs. Ag 1s o.ear from
Section 4 radio relay lincs vith a small number of trunks are fitted out
with two types »f equipment-~Pli-28 apparatus ot Hungarian oriygin and home-

nade "Container" installation. The D-28 apparatus is fitted out with

the measuring instruments of 1%s own envisaped in the firm's delivery.
For measurements at radic relay lines provided with the "Container"

installation the following devices are required:

1. DMeter cf transmitter power for the frequencies of 390-470 mega~
oycles. The highest level of measurements is 5 Kw and the lowest, 0.5 kw

with ». error of 20 per cent.

2. Heter of noise coefficient for the frequency range of 390-470
megacycles, ensuring the receiver noise measurement with an error of not
more than 2 d.b. within the range of 3-20 "kt units.




3. Heter of matching for the frequency raage of 390-470 megacycles,
measuring, with an error of 10 per cent, travelling wave coefficient from
0.9 tO 0.50

4. lieter of amplitude-fregiency characterictice for the frequency
renge of 7-9 m.c. with . cweening band of 0,085--1 m.c., with the highest
output level bein,: 0.2 v and tne lowest, 1 millivolt, =.d the irresularity
ranging from 0.3 to 3 d.L. The sensitivity of the meter indicator is no

less than 10 millivolts wi1th the possibility of ic¢s decreasing by 40 d.b.

5. lleter of differential amnlificatio:, distortions. The range is
1-9 megacycles. The lowest limit of measurement ic 0.1 per cent with the
s + .
deviation of = 30 Kc/s, the error becing rot more than C¢.03 per cent. The

limit of such meacurement 1 0,3--100 a/sec.

6. lleter of transconductance. The range 1s 7-9 m.c. The limit of
measurements of modulator transconductance is 50-200 K%%ﬁ. The limit of

; v
measurements of demodulator transconductance jie 10-1005—3 .

7. Generator of standard frequencies for the range of 390-470

megacycles.
8. ‘tlavemeter for the frequency range of 390-470 megacycles.

9. Tieter of transitional interferences with the noise frequency band
of 4.6 -~ 32 Ke/5 and with 3 channel being measured. The meter input and
output resistance 139 and 600 ohms. The level of device noises is 1 and

the error of measurements, £ 2 4,bL.

The workshops of repair baces arc fitted out with =11 types and sets
of measuring instruments to mcasure and tune a certain type of equipment
in operation. Thue, the workshops must have sets of deviceg for measuring
transceivers, modulators an:, demodulators, auxiliary automatic and tele-
signalisation equipment, TV and telephone trunie. Besides, each repair
base has devices for measuring the heterogenity of wave Julding routes,
the antenna amplification coefficient, and appliances for antenna
adjusting. The wor.shops of the vases are fitted out with the necessary

machine tools, gas-electric welders, etc.
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7. ORGANIZATIO." OF RADIC-1ELAY LI.JCS [AIKTUNANC
AND ORD™R OF "MUIPITIIT OPTRATION

All repair work and preventive mairtenance of the cquipment, excluding
breakdowns, ic carried ~ut in accortimze 1th the plans elasorated before-
hand and approved by the chiefl .listriet engineer of technical maintenance.
The plans are compiled for monthiy aund quarterly pericdc. In compiling
spuch plans the following factora shouid ve taken into consideration: the
"Rules ¢f technical maintenance nf radio relay lines"., time intervals in
inspection and r:pair, experience accumulated during the period of
operation, and thie results of the dependability analysis. At the serviced
stations teams of repair basesc fulfil out the most ifficult and responsible
operations, for the rest of the pianned repair work and all Kinds of changes

in the stati~n are carried out oy thiose stations' tecinicians on their own.

To enhance the responsibility for the ecuipmen* maintenance of the
serviced stations the duties to maintain all occuipment and apparatus are
divided among the station's staff. Systematic control of their work and

its quality is effected by the station's chief.

The inspection and repair of non-serviced stationc call for the well-
organized order and efficient utilization of the work of the repair bases'
technicians, strict responsibility of every person for a proper performance

of his job.

The technicians of repair bases who insnect and repair non~serviced
radio-relay stations are responsible for their techniques and uninterrupted
operation. The repair of the statio.ns i3 permissible or.y in case of a
disorder in a non-interchangeable unit of the equipment. The removable
components and units are mainly repaired at workshops. Iuch a procedure
of repair work is conditioned by the fact that thc iravelliag teams of
repair bases have at their disposal the necessary number of various
removable units and components, and on finding a fault in a uait they

replace the latter.

As is knovm, the repair worlk can be planned in the cases when, by
means of statistics or calculation, the operation resources of equipment
and its units are determined. There are a comparatively small number of
such units at the radio-relay lines. Referred to such units are guaranteed

pover supply devices (Diesels, generators, motor-generators, accumulators,




elevating mechanisme (lifts), antenna foundations (masts, towers),
structural erections (buildings, radio equipment booths). Among radio-
relay equipment, service lif: is fixed only for electroni:z devices.
Therefore, th- main taczk of the travellin,- team 1s technical inspection

at the stations.

The inspection ic carried out in accordance with the assignment

given beforehand and taking into account that every unit of the station

is subjected to regular iunspeciion.

To exemplify thie we offer the time 1ntervals in inspection of the

main equipment of the station where the tvpe P-000 apparatus are installed.

1o AJTONTIA==HAY  SUTTIING D0JT S

a) Outside inspection of the route once a month
b) Inspection of mechanical fixing once a month
¢) Inspection of air-tightncss once a quarter
d) Measurement of raflcction coefficient once a quarter

Z. IAST STRUCTURES

a) Inspection of verticality twice a year
b) Inspection of uy tension once a year
¢) Inspection of foundations twice a year

d) Inspection of mast welde! ceams and other
metal structures twice a year

3. JLIVATLLL  _CHANISHS

a) Inspection of elevatins cab!ss once a month
b) Inspection of electric motor: once a year
¢) Inspection of wincher, wits, doors once a quarter
d) Technical inspection of the iift by the

commiesion once a year

4. HADIO TTCHUICAL ToUIPITHT

a) Inspection of the correcponience to the
nominal of radio valve ard semi-conductor
current once a month

b) Inspection of thresholi devices of "power"
and "carrier" indicators once a month

¢) Inspection of value of voltage generated by
amplifiers cnce a month




d) Inspection of passage of T/ signals and

commands once a month
e) Inspection of forced coolin; devices once a month
£) Inspection of the corrcspordeonce to the
passport of transceivirc sots. once a month
5e PLITR L L TG CJOUIEEEY

a) Heat in pecticn of contacts of contacte of

heavy current circuit: once a quarter
b) Inspection of water lever 1. the Dicsel cooling

system and of operation ot simal iran.ducers once a month
¢) The same nind of ingpection in lubricating

system once 2 month
d) Inspection of Dierel starting systcm once a month
e) Lubrication of motor-gzenerator beariags once a aquarter
f) Cleaning of collectors once a quarter
g) Inspection of ventilation system and Diesel

fuel pumping once a month

The greater portion of the above-mentioned operations is effected
without interrupting the station's operation therefore special attention
ig paid to observing labour protection measurcs 7hose violation can cause

the injury of the maintcnance personnel and damarme to the equipment.

“mergency repair is donc in all cases of disorder when the immediate
repair of equipment 1s required. The travelling repair tuam receives
the signal to go to the place ~f troutle from th tecianicians of the
central or auxiliary station or fro. onc nf the chiefe of e district
Tmergency trucks of the repair have are kept 1n constant readiness.
Before departure to put things 1n order the team 1leader specifies the
character of the trouble through TV si;mals he receives. e alrco nakes
suppositions about the place .au charac er ol the trouble by summlng up
the TV signals. As a result lacking instruments acelded lor the repair
are added to the equipmeni of the emergency trucks and, if need be,
additional maintenance worgers can te called tc the place of repair.
The calling at any time of the sufficient numver of workcrs of the
travelling repair team is done 1n accordance with a scheduale prepared

in advance taking into consideration the actual situation and technical

possibilities.




Having come to the damaged station the zroup reports its arrival
and starts trouble shooting only after cetting permizsion. 'Then the
repair is cver every lizorder 1s thoroughly analyszed on the apot to

find out itec causes, and corresponiin.m jocuments are ti.lad.

Of great importance for i:ncreasi:; the’dapendabiliiy anu quality
of radio-relay linec operation 1s properiy oryanized waalytical work

in every link of the oreraticn proceses.

In compliance +11th the ertatlished oruer, the analysi=s of work of
the preceding month and quarter 13 dore bty a technical naintenance
district. '.ater, the maintenance department complles an analysis, drawing
on the data of districtz' analvses. “The zummary analysis of all radio=-
relay lines operatin: for the precedins quarter, on the Lasis »f the
data of departments, 1s lone by the USSR "anmistry of Communication head
enterprise entrusted with the operative~technical guldance of operation

of the entire radic-relay network.

The form and order of the arnalysis i3 regulated by the instruction

which helps cum up ‘he lata ortained from the suocordinated organizations.

The purpose of the analycis is to spot the unreliable units in the
equipment and find th: causes of temporary instability. Two kinds of
analyeis are compiled at every radio-relay lin: and i1ts dictrict: analysis
of the causes ~f idling and analysis of mualitative indices., The principle
of compiling the analysic of the i1dling causec coaslsts in systematizing

the damages of every uinit.

ixperience shows that all interruptions in commun cation at radio-

relay lines can ve summel as follows:

faults 1n radio equipment; faults in elactric pcwer supply devicesg

fadings; violations of technical maintenance rulcs.

The first twe reasons ar a whole ~an be civided, in the process of
the analysis, accordins to neparate units anid compenents of the equipment.
Thus, failures of radio equipment dperation are divided, during the
analysis, into failures of transcelverz, service communication devices,

control and si;malizaticn automatic fdevices, modulators ani demodulators.

Thanks to the fact that data on the causes of 1dliag are collected

from all relay lines it 1s quite possible, while surming up the reasons,
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%o determine units and componen.s marked by potential unreliability and

take necessary measures to prevent damagses Or emersencies.

In anelysing interruptions in radic sommunication ovecauce of fadings,
it is feasible to find cu. the points of iines sublected to these
phenomena and to take steps to e.iMl.wve such phenonena. The analysis
of violations of the tectiical mainfenancs ~uleg help: lizcover and
systematize the most common mictekes and miscalculations of the main-

tenance personnel and to take measvres to nrevent them.

The analysis of the qualitative indices of radio relay lines
operation 1s made to reveal -he couses of temperary inctarility. The
original material for such an analysig 1¥ the data on the results of the
peasurements made, which are to be compare! with the previous measure=
ments and data of the clectric passport for a gsiven line anl its

district.

This kind of analysis is vse’ .ot only for findin,s the optimal
solutions of maintenance muertions hut also for leveloping new specimens

of equipment and for modernizins the existing types of equipment.,

To systematize various measurements maie at radio-relay lines,
special instructions have beern clabaratel on each type of measurement,
which determire the procecure and method of measuring, and the order of
procer .~ * the dat-. The 1a-truction efine precisealy paramaters to be
ohecked up, list measuring .nstruments, mcthods of their connecting to

the ocontrolled circuite ~na ~nn*~in forme af accountability.









