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Chapter 1. BASIC {IrOPHQEIO‘ OF APPARATUS TYPE V-12-2

1.1, Technical cherscteristics of apparatus

”n: i2-channel apparatus sysbem le&»@
'h“ a ratus V-12 wi
sxing eerial o

dlameter 3.5 or 4,0 mm.

b
LTI
o

t@Cnth 11 characteristlics ere givan

xna also

preceded 1t, is intende
its made from non~-ferrous metal

fal
4

for

. * P ) < e oy gon 1 e
am V~12-2 is & uuowwtrﬁ t“o»oomu system. It:

in

Technical cheracteristice of the sye

hapracterishic , Yalue
e g Ty oy vy £ P oy
Humzer of channels : e 12
Common linear fregquency specbrum (ke) §
a) bottom channel set (direction B-A4) i 36-84
b)) top chamnel set (directlon &-B fgp.1h3

Number of verslons of linear Ireguency
spectrum "
Control currents freguencies in bhe line (kc):
a) directicn B-A '

b) direction A-B
Transmission level for eachh chennel at ©
osutput of bermingl and tandem ofilces (nﬁper)
Masimum amplification of tendem office at
end freguenciles (neper):

a) bottom channel set

]
-

) top channel seb

Verlatlicn iimlis of frequency characteristic
slope of tandenm and terminal offlces (neper)
2} direction B-4

b} direction A~RB

Lavel of contrel currents at the outout of
terminal and tawﬂmm offices (neper) Non-
linesrity losp of the tandem office at output
Jevel # 2.0 nepers:

23 at second hdrmuonic

b} at third hormornlc

Mominal value of input registance of tandem
and terminal offices (0)

reflection coefficient from the line, %
Linlts of flat regulation of ampis¢ncotaou'

for tandem ard terminal offices (neper)

L0 and
02 and
O
2.0 &n
5.7 an
Oo 5‘“3ﬁ
(). 3"'"2.
8,5
1G.0
EE0-~600




i

N
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nffectively trannmi+ted channel Lrequency

3} ab Gh& peginning of “?ﬁnﬁmitting route. ~Le5
b} at the end of rece wving route REEDE

) chant

oy B 3
L VertLng

jgroup’

lecalves the upper.

Ve lue

Charecherinblc

pand {c) 300-3400

yalues of messuring
of the channel (nep):

Tlevels in the 4-wire part

QL 105& of channels at freauency 800 ¢

of ncmlin@ar distortions of the
l“ (wiu}’l 5 420 O} ol 1.5
ﬁIOG%GﬂCW of the VQJﬂmmFPeﬂwemov rxnsing~ '
ataling {c}
Volbag se of ﬁawe? supplies (v}):

(]
IR
$]
;»h
’,J
i*"
0
=
Q
=
cﬁ

a) plate battery QOGNf 3%
b) heater batbery 2l.2 + 3%
mime stability of net loss {neper) 0.15
uct noige level of terml inal office in the

spectrum of one chammel, measgured at a F0~ﬂu
w;,h-J¢VmT + 0.5 ﬂﬁphurw, hewire oubpub _
(mv psoph. ) ' 0.6

tandem office in the

Set nolse level of ) _
measupred at a point

“180u§77 of one cnannel,

itk level + 2 (nep) -5.8
met&l dxstﬂaae of belephone operation {(km) - , 10,000
Length of Sransducing sectlon {kn) 2,000

Noumber of sechions

L

trangducing
In additicn s the informabion given in the table, 1B
1s necespalry Lo nobo, that Ffour possible allernates of the
inear spectrum of apparatus V- i2-2, used with the
abion of seve”al systems on paralJeJ cireults to de-
the sxions between them, are formed by in-
the oaxhneJ freguency bands in +the lower freguency

u.l?a.

group and by inverting and dis pnqCLHP on the operation
‘ spectiur in the upper freguency group (pig. 1.1l. )
The terminal of:ice A transmits the upper frequency

site the line and receives

L $ g
CREnomILTs

the lower, and office B
the lower frequency group into the line and re-

it is obvious that offices A and B have
a complately colne

id individval eguipment and diifer
onLy Ln'Jh@ prbu& na t Every terminal offilice 1s supplied
by an appsratus, 1‘

1ch provides the receptlon ¢f group .
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floglcal conditions, when the automatic regulation range of

carrier currents only for one variant of the linear fre-
quency spectrum,

Fig. 1.1. Versions of the linear frequency spectrum for
egulpment V-12-2. '

Botgom frequency set

i -
_ v
e
] mmmmm&mm@
;'ﬁ @ 28784 ﬁ,
2 Fitabatiomtatst
H $“¢?4 s £17 808
f?m%mmwmmm
MJﬁ wis & 718 4

Ry Ny R TR A R R R TR A

The values of pllot freguencies in the line remain
constant 1n all alternates of the linear spectium. The con
1ol currents with frequencies 80 and 92 ke are used for
the fiast regulation of the level and with freguencles ho
and 143 ke for The slope regulatlon,

411 esrrier and scome control curreunts are produced as
s pesult of their harmonic generation. The master ogclilla~
tor with quartz stabllizatlon produces ¢oscillations with
freqguency 4 ke and with stabllity 2.1 -0, as & consequence |
of which the signal freguency veriation in the range of onej
Lransducer sceblon 1s not over 1 ¢ when the signal passges.
the channel. ' ‘ j

Electromechanlcal system ARU is usged In the equipnrent
To decreage communlcation 1dle perilods with harsh meteoro-

amplification is alresdy used up, in the apparatus 1s pro- .
vided a possibility of sudden flat increase of amplification
i comparison with the information glven in Table 1.1, by
0.5 neper for lower frequency group and by 0.8 neper for
upper freguency group. This gswitching 1s made manually.

In the separate equipment of the términal offices
charnnels the speaking currents of all channels are Lrang-
Ifevred into the frequency 60-108 ke spectrum, which 1s
lealten as the initial one for 1l2-channel group 1in all home
multicharmel systems. :

.
[ S—
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Trangition from apectrum 60-108 ke to linesr fre-
' i

P
T
it

ST, (W1r¢'dp V iz made by bwo steps of ﬁhﬂ

9{‘2

P . M R T R " - o . &
gvoup o rpunon the gecond convarsion in
P S ” EE¥ g A g . =y " “ o o,
WL ‘id e S T,L(’V LATET LN tf}ﬂ' O ST ,,J} ‘;’ LOT POULE

are ras ith the ald of carrier freguency, the value of
de cn the selected &peatrum g1 u%i;

2 %,

raceptlon route of each charmel, the possibi-

lity of net loss abm~a¢trri. ic compwnﬂqtzar 1& provided
¢ with the conditi its val st different frequencies
would not go out C range 8ho n Fi
2
4 2. Peralzssipvle deviaticon range of the chars net
. loos, N7 NS, '
hd Vo e Fo
O, L8 T i
iy ot
el L T ‘ [N )
. IR S '
a8 ot g § b
s s L. e
'!:»/ YA T AR YA A A d
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{;; oo ST
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The derived channel eguipment wes gimul-
aaly with sysﬁ@m‘leEwﬁﬁ This aqmi” os Bo :
= o ’ oy e g} fon g o - EaE< o Ai
four telephone channels at any Ldﬂ@x 1f the!
i
g in the A ot albernate. e
9} estoration of the
tanden polnt can et connoece-
he directlon of each terminall
B
’ 0ld frequency d 68-84 ke
per group! in the linear fred
. 'y he egtablished numeration
thess &?ﬁ the channel

nechion of
Wnu ohis ugv
ivatlion of
aegtabllid:

wg:“prgxwu jal ot
characteristic
. deta l‘;&l ¥
é f&r mein line channels,
-2 can operate on one circult together
L . in which gpectrum ig used up Ho 38,3 Xe,
gujﬂnhatﬂ charmmels Tformed by this eguipment permit a second
@&Lu ) a voice Wﬁqucn.v ie*ep“&phﬁ and photo
%elmgrmpuy; and with the incorporation of two or thres tel@»
prionie charmels permlt the trans i=w10h of a high~guality
oroadeasting nrogoan.
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: Parameter ' OZn1P-E I GPBAR-E ;
T H
Heater voltage, Vv 6.3 | 6.5 |
Heater current, ma 170 bogoo |
Plate volbage (maxz},v. {120 LoR50 g
Plate current ma ' 7.5 1 70 ;
Characteristic transconductance, ma/v 5.1 & {
Output power (max), w e 5.4 :
Bias voltage on control grid, v —— el §
Screen grid voltage (max),v | 120 250 §
Table 1.,3. Parametergs of electron tubes GZh1P-E and GFﬁmmhé
Total number of %Hubes on the rack fwameﬁﬁ not count- |
ing the spare tubes, are given in Table 1.4, ;
Direct heating bhermistors TP-2/0.5, TP-G/2 and !
P-2/2 are used in the equipment.
Réck é o Nurberkof tuhe““ é
i CZnlP~E : HPBS - 1
P H ;
S810-12 | 36 f - g
8GO g 37 | 6 :
Ps g 19 i 7 ;
¢ H i
Table 1.4, HNunber of tubes on racks.
1,2, Principleg of sbtructural mounting. ,
Structural eguipment arrangement in apparatus V-12
provides grouping of similar type units for several systema?
in the capacity of one rack frame, e.g,, bthe frame of ‘ g
for 9 gystems, STV for 2 sys ﬁPW“, SChK for 5 systems and so!
pori. In distinetlon from apparatus V-12, in apparatus ?- ’
Che outfitting is completed by a principle of concentrs
nifferent unite, releting to one gystem, on the iﬂﬂmdw !
possible rack mumber. §
The units of terminal and fandem oubfite, following z
from thelr mutual abbraction, are arranged on different rad
Torme with the consideraticn of PonVBnLonue f oparation,
% Terminal equipment of apparatus V L2 18 arranged
N .

on two racks:

igroup

STO (i ndividual out
tting rack) - Fig., 1

o LY

OUuLLl

fitting ra

z
5w

k) and SG0

10

o p—-—




)

» N

g3

Ay

e

§

310 1g
units for one
unite for two
ST0-24 can be
{(in this case

Fig, 1.3, General view of the terminasl office V-12-2

manufactured in two alternates: with a set of
systen (12 channels)- S8IC-12 and with a set ofl
systemg (24 channels)- SI0-24. The rack of

used for common operatlion with two racks £SO
the Termlinal oubtfit V-12-2 for two systems 1is
arranged on three racks),and also for the 2ih-channel system

iof high-frequency belephony by cable lines{K~-24 and K-24-2))

J— 11
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The -8G0 rack of office A or B is outfitted so that
it 1is anylxcaoie to each spectrum alternate for one
sysbem, bes ides this the complete names of racks arve:
SG0- b gpectrum I, SGO~-B— spectrum I, SGO-A-—spectium
TE, SGOB - gpectrun IT and so on. Thus, altogether

- there are eight alternates to oubfit the S60 racks,

The generator egquipment, arrnngéd on rack SGO, can
feed two systems. In relatilon with this the manufaclture
of 860 racks withoult generator egulpment 1s also provided.
All eguipment of the tandem cffice V-12-2 for one’
system is placed on one rack - PS, :
Derived chamnel qui“MCﬂG is alse placed on one
rack ~ 3V, On ?Lg.‘l. the general view of the tandem

office is given and alsc of the rack SVE whi ch 1s operab-
ing together with it. _ S
, Matehing deviece panels (two panels on PS and one on
860} are included in the rack SG0 and PS setn. The

I matehing device panels depending on the wave lmpedance of

the cable, which is connected to the epparatus (cable
with styrens-flexion insulation or coil-loaded cable),

have different construction, A device, in a separate LOX,
is ineluded in the apparatus to Lest the_el ctron tubes
(Pf} ) .

ud m@wgﬁ nucxzaorv fow ﬁNLtchlng iﬁd Ve“wjrement~, gre
&

included in the rack sets, and alsgo spare parts, technical
documentation albums and the regulating instrument,

4 unit principle of apparstus structure is used in
syehem V-12-2, i.e. such, with which different units,
which are electrically connected by interunit wiring and
mechanically connected into & single supporting struvcture.
By a unit is understood a structurally molded and
electrically complebed unit, e,g., linear smplifier, 4 ke

nscillator, channel filter and others. The unit can be
separately tuned and checked. Spec cific requirements, as
> rule, are presented to its parameters. The unit
Dy cwple of construction makes it possible to create com-
~L units, 1n resgpect to structure, which can be eﬁullf
replaced when they are out of order,
Lergest part of units in apparaﬁus V-12-2 18 of the
sut-in type, l.e. they are Jo ned with the common panel

mounting or rack by a gpecial contact Jjolnts — Jack and

1Y)




s

n‘ﬁ}

3

A0

'ﬂﬁ

knife pairs {(blocks).

Fig. 1.4, .General view of tandem office PS and derived

channel egquipment bay SVK.

1Units, that are wlthdrawn Prom the rack but which are in
an operating conditlon, are checked and examined ywith the
ta1d of Plexible cords, which are applied to the office.
merminal equlpment units, and also the tandem equip-

S

ment units are placed on separate panels (plates) in each
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¢ electronic industry, such as XSO, SGM,
KK a
nd SOMZ (nig, on, sllver) on the

General view of capaclbovs SGMZ-A (from 50
00 PUE) and SAMZ-B (from 400 to 10,000 W),
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Up 350 v
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Jmeasuremnant.
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_sﬁ on up to 6U~kﬁ for the bwelfth channel). The interval
hetwsen the adjacent individual carrier frequencles = 4 ke,

filber loos freguency charascterdlatic when they are cperat-

The apparatug has a large number of switching ele-
ments, such ag the above-mentioned 16 and 30 conkact blocks
(Fig, 1.10}, bouws ($1g, 1.11), strips shielded sockebs (g
1.12), teyminal lock, strips with contact Lobes, wirlng
blocks and 30 Oh.

Chapber 2. Block disgramg of The spparatus . *

{* Block ﬂlﬁ?“aﬂﬁ of the principle forms of apparatus V-12-2
oquipmenf'{t» riinal, tandem and derdved channel Jexamined be
low, contaln only the mogt important units, and also Tthe
level values and irpub impsdances ab some route points.)

(2 oL e ”'ﬁmmnal office, ;
The plock dilagram of the terminal office for system
<122 18 glven in Fig. 2.1, - |
Thm Tram;m¢aaﬁvn roube beglng with the unit D3O, the
ifferential sysbem with limiter. In distincbion from the
mpparaﬁus fzype V-12, both devices are combined here Info
one undt. The Lfirs t divides the transmigsion and reception
roube, and the second limits the speech gignal level, and

through this pravents overlead of the g“gﬁn devices. After
the DAO undt the dividing scckebs of four-wire route are
piaced which provide the pos wibiliby of charnel conbrol and

Tndividual conversion takes place in the modulator
M, to which the carrier f?@qn@ncy from generator equlpment
ik pﬂlied iﬂ“” value depends on the channel mumber 108 ke

for the first channel: 104 ke for the second channel and =~ |

it Lho convertor cutpub, the. channel band filter FF
connected, which contalina paiv* of ecrystal resonators.
Pilter suppresgses uzpur gide band and other conversion
products, and also partly the remalnder of the carrier fre-
cuency current. Oubput terminals of all 12 charnel {ilters
are connected in parallel,

A compensating circult (Komp. kont) is connected

with the same terminals in order to compensate for the

Ing in parallel,
Further, the converted speaking currents of all cha

nels pass ﬁnvaugh the group route, the first element of
1 Ao dhe kand ol minsblon filber 78,
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in

erama

seeolid Eroup converuor G ~2 1B o~
spoguency of this convertor depents
the ligecr gpectium s requll red

Lo he recd

P T OV S R 4 T T T B N S o - .. - L Ny
wilber D-200 dimits the lover LrequenGy gide-band,
o oy e v iy 4y ~y ga 4 a 7%
whLel ¥ 5alon Lm’bu the line., 1Tine

g ey e e PR oy
teol Lo TEPONERL
ey e S s L VO ]
groun not te alements aat

non-uniformity into Lte

211 filters introduoed
freqguency charactber

Lotic, end for the eliminatlion of shis phenomenon it 1s
necessary Lo conuect an eguallizer VYR, TER. L& (into The
roube (in office B-VYR. PER, B) After the eqguallzer the
s1lber K-77 is pleced, which 1L transmitbted hand
feom the low Tregueney &l g b3 3 prevents the over-
] thne following el the linesay ewplifier LUS,
oy the unused conversion re, Thiz fllter i i~

cluded only into the rransmliseion route of offlce A,
: o

EsR<Ws . . e My o o N \ fe ey e oy PO o~
office B does not have thig filter @na foer the eQLELLZE
Yo, 2 s VTY E P R S g ’

the ampliflier ILUS 1o placed immedlial

- Tinear amylifier raises the iev each ohs

=0 the value + 2. 1 nener.
From the nmnWlfic" Us oubpub the
nts int 1@ upper freguency gil
‘n office Bwﬁmgu and The n'a}yoxw“ th@ n:t@“&ﬁ?
&
foprmer into the linesr filber w.n3, which serves ©o
ot

QC“Twﬁr
fiiter

1
K] 3
apate the 1Z-channel aystem ?& he systenm

A s,

oy e 4 o - 4
71 cocupies tie lower Iregud

s woen SN P . ] o -
the mabehing device 8U, 1

(?)

E

tehing

of input lmpedance -of the cable ortbrance ana the off‘
o oa Lransmission route elewnﬂﬁ and the first receptlon

emant of the L&

route el
The ?@G@ptj@ﬁ rouLE m@vinm o

i 6 vl the same aelementcs,
LAtk whieh thé transmission route endg: and H-37.
- e d \ oy T R T o R A A
’uriha in stetion A che filter D-88 1s placed, which

e the receptlon frequency-band Lfrom the transg-
rregquency-band. After this filter follow two
{

-

mgmeﬁt untts called BREG, NAKL. HCH and h}
4

ol the af::t.‘z.te:mat;w level regulation device.

PE. HC wigh o change of line auuenu@aiom changes
amplification introduced by 1 egually for all fre-
(flat WmFulﬁulmﬁ); BEG, NAKT. HCH changes the

“mAlifi ation Gifferently fox differe nt freguencles in

secordance with the law of line ﬂﬁt@ﬂu~b‘0u change

o e
O




n \‘h‘

[t ]

Y

I (slope reguiation)
controlled by the control current receiversg (PKK-1 and

the last anmplifier In the group route TS, PR.

o convertor GP-1 has several values
 OPF which was examined by us has a different construction

iwere iisbed above,

Amplification regulators REG. PL and REG, NAKL are
PEEK- )), which are co%ncctcd to the output serminals of

The regulation consist of switehing the element
of artificilal lines by turning the rotors of a&pa:xt nee
switeh, which is bvovght inte motion by & motor, which
ie connected by a special clrecult, controlled by converted

signals of the control currents (UPR., ARU). Correct
action of the asubomatic level regulation system provides
stability of ﬁhe level at the recelver nte output with
an accurasy ~ 4+ 0.0%5 nepers.

The K-22 fi?tuv and the D-88dop filter, which is
placed farther. Increase the reception route attemuation
at- frequencies oubside the operation band, The initial
slope egualizer (VER. NACH. NAKLI, NCH) is placed betwsen

these elements e 1ruqumncv characteristics slope. lg
such that the ”Lthuahxan for lower freqguency range

36 to B4 ke exceseds the attenuation for upper frequencies
of the seme vange by 0.4 Yo 0.6 nepers. Using such
squalizer, which partly compensates the line attenuatlon
frequency characteristic slope, makes 1t easlier to ac-
complich the alternating slope wegulatlion REG, NAKL., NCH,
gince the regulaticn levels are drawn together.

One more egualizer VYR, PR, A, which corrects the
amplitude freguenc g distortions introduced by reception
route elements, is placed after D-88dop filter.

Group convarta; GPwl, following after thls egualizer,
fearries over" the operation frequency-band from the ’
iinear spechbrum to the frequency range 400 to 448 ke,

separabed by filter GPF, Since the linear spectrum hasg
several alternates, then the cafrmer ~freguency, applled

The reception roube section fram filter D*Sb to filten
for office A and officeR ., Elements used in offlce A

Tn office B- the ¥K~88 filter is set in plase of mmr
3588, and after it the filter D-153 sometlmes called

the fllter-roof. This last filter introduces into route
g considerable attenustlion for currents with freguencies

23 . ..




- plained when office  transmiss lon rov e was studie

'i% 15 necesgary bo place the amplifier US, PR, which hﬁﬁ
such an amplification which provides at The input of in-

i
over 153 ke, by which 1t protects the telephone trans-

mission from radio broade 0:t WL statlion interferences.

After filter D-153, the regulated arfifilcial lines of

+he flab and slope regulations ave nuﬂwﬁat&d (REG, PL.
TOH and REG, NAKI, VCH), the purpose of which was ex-
2le i

The differance be%waem.ampll"hamt¢om Pawujauow-
of offlce a and offlce b is in the range of the regulated
freguencies and in the f@manatLon units.

The 1P1t;al‘aiop< equalizer VYR, NACH. NAKL. VCH,
placed in the route after the regulatarﬁj having the same
purpose 48 the egualizer VYR. NACH, NASL. NCH in office

a, lntroduces the lower frequencies‘of the range 92 to
143 ke and attenuvation by 6.2 to 0.3 nepers greater than
for the upper freqménchm of the same
in view of the small abttermation irtvuuuc&d Ty
K~-88 for "ur1¢nuu of'va freguericy transmlssic
{up to 81 kc), into the redeption route aflter the pre-
liminary slope equalizer the filter K-88 dop is connected,
which precedes another equallzer VYR, PR, B, which cor-
vects the amplitudes Lreguency dL“hGETLQZC introduced by
the group roulbe elemenbs. .
The filrst groun receptlon convertor CC: 1) in office
b eccomplishes the same functlon ag that in office a,

however the v*rrier frequencies applied to 1t from the
g@ﬁ@raﬁmr squipment, have different values {depending on
the . spec mralﬁern&WM)w

te

T“m ”QCPhtiOu route part beginning with filter GPF
nd followling after convertor GP-1, is similarly con-
structed for both offlce types. '
The pecond group convertor GP-2 in the recepiion

route converts currents of freuuennv “band 400 to 448 ke
into currents with fregquencles 60 to 106 ke with the aid
of 340 ke carriler ‘ﬂm¢uancy# ﬁme filter D- QC) uged in
%h@ transmissicn roube turns out to be usgeful alse for the
ya‘atsun of fraquency-band 60 to 108 ko after the
3@% rhor GP-2., The received signal level at the cw*out
Mlte D-200 has a very snall value. Because of this

L equipment part a level equal to - 0.6 nepers,
The recephion amplifier hasg two outputs: to one is con-




LY
o @

]

- separation places of the control curre

nected thu raﬂewﬁion route of individual eguipment \
ond to the ofher — the control current receivers (PKK-1

~and PX ...’3)

Tn office A, these receivers are tuned to freguen-
tes AU and 104 ke, and in office B, depending on the
speatyrum alternabe, to [requenciles 60 : and 111 ke or 58
and 109 ke. '

Cprom the amplifier US, PR, the different channel
currents emt@m }e hannel f£ilters PP and alter them
£o the demodulators DM, which restore the orlginal volce-
freguencies spectrum, With the demodulation in each
channel the same carrier-frequency as that wiﬁh the
modulation is used. '

T+ should be noted that the upper slde-band, formed
after demodulation, falls into the hiﬂ*«xrcgunney‘wew‘oki
and therefore no special filter is required to 8@ sparate
it from lower-freguency band. The necessary cvrrenb

suppression of the unp“?~fwequ ney side band is provided
by a capacltor connected at the demodulator Oﬂtpmta

The reception roube of the teﬂm¢num ffice is com-
pleted by the low-frequency amplifier UNCH and by the
diferLnulwl sgbieﬁ Duo thvh ig also involved in the

a‘i ’:*

T lcw~;famuenﬂv ampllfxar ralses un@ v1gna1 1QV”3
in bthe channel up to a value which provides the reception
of the necessary value of over-all circult abttenvation.
Exzct debermination of the over-all cilrcuilt atbenuation
15 made by the amplification regulator which ls in the
UNCH amplifier,

ih@ﬁ@ places of fransmisslon and reception routes
sre shown on the block-dlagram {Fig. 2,1), o which
equipment 1s connected ¢0ﬁ browocasﬁlng transmission in
doubled channels; they concilde with the in £ and

2.2 Tandem office

lustrated on Fig. 2.2. E?is office asmplifles cu

£

The block-dlagram of tandem office FV-12-2 is 1l-

N nt
transmitted by %@rxwl line in the 12-channel system -
spectrum, and also holds constant the level value dt the

office outputb.

B
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of complex eguall

the control channe 1 1cw>i rers {PHI-14

5 4

A amplifdicestion but

e lopub amplifler clrou cnxumﬁuing
b
/

~ - . F s PR, S P - s, un N J... -
ape conbtrolled by QOﬂbe‘ LT RNE S,
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The UV'“hﬂu off

o2

VOE, shown in the

bl
T, NARL anﬁ in the renge 92 to 143 ke
of the amplilficatlon route
% order 0.2 Lo 0.3 nepers,
wernating regulatior ﬂanga,

L oy

2.G plishment Vf repulated artilic

.
S
e

o
1lter K-08 don supplements tThe attenuation of u!@
ng Piiters -89 4in the reterdation ban&, conte

e bhe attenuation increase in the int e“mduiata
loon and providing by this parsm eter the necessary

oy

o

L2
I B O 2 4 dedt pmm e Al e e et
L0 nepers 1in the operatlon band and 2.5 nepars
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"y

outside the JreQMancymband,
The roubte eguallzer VYR, A-B elimninates distortions

inbroduced by the route Jémgntgg determining the re-

gquired uniformity of its frequency characte rletle.

One of the newu iisble units, entering into the
tandem offlce, is the Llinesr amplifier IUs which in-
creases the signal level by more than 6 nepers, The

gulding filter K-88 bomyleﬁﬁu the studled route with

Cdirection a-=b.

The gulding fllters bmﬁ% are the first and last
elemants in the route of transmisslon direction b-a.
The flat and slope r@guiaﬁaen devices REG, NAKL, NCH and
AEG. PL. NCE are connected after the first filter D-88,
whereuwpon indistinctlon from dlrectlon a-b bherse 1Is ﬁnWy
one amplificaticn element. The control of these regulat
ion artificial line is accomplished by control current
veceivers {PER-40 and PRKR-80) and other elements of the
ARU equipment. D - .

Filter X-22 produces the Vj?Qﬂ‘ﬁﬂVtQ and addition
stbenuation for the curpents of thres channel sysiems

%

;

(* -3}, Besides thils the appearance posaibil¢?7 of inter-
coupling for excitation in the loop, formed by the btan-
gem station v»B and VW?E 2 ravﬁps, i: excluded.

o 10 ng uwnib the blocl agram is the eguallizer

t
i
”?R, NACH, ~BL¢ Nﬁﬁ creﬁtew 8, pﬂ@lxmia@rd slope of
he frequency characheristic by 0.4 to 0.6 nepers in the

“fﬂzm&ncg range 36 to 84 ke, thus making easler the ac-
ant mltﬁah&t'n” slope regulations. .
"BB dop serves for the atlan.atlmu increase
formed by both transmission directions
203 Handem uf‘ e, The equai?z er v&ﬁ, B-A con-
neeted after 1t eliminates aistartionm £ the low-fre-

P

the given route, *ncluaing @luv he filter
 The linesr amplifler IUs, the next to the last
laaad in the low-fregueéncy route, amplililes
is by value in the ordsr of & nepers :
;'i es the above descrlibed pr*nglole equlipment,
dem office has also some suxllary devices.
from this office, the distence power supply
; to the suxilary repeaber office (VUs~12) can be
nilished, then on the PV-12-2 rack the distance

@ Preguency characteristic throduaed by
o

o

O 4
{;‘1




§ P
feedling panel PDY 1n°t 1lstbion with measuring device and
switehing elements 1s provided, and also the panels of

distance feeding chokes DDF. :

for the organization of order clroult atb low-Tre-
Guency, filters DK-2.8 and DDE-2.8, which can be con-
nected afbver filter D-33, are pl&ceo on the smame tandem
office vack. The office disgram is accomplis shed with a
congideration of possiblility of the arriving channels from
linear apecfrum'@ma pranching of -the brosdcastling progranm.

The ﬁa?ﬁde channel equipment is connected between

rmuﬁa ﬁquall ra and linear amplifiers in each transmisslion
# directlion, wh@r;upon a special transformer is provided for
. Bhis ;uxgoge in the tandem office rack. The broadeasting

Drog equipment is connected parallel to the

S
Lc.Lv

equivment.

r ) 2 ] e
The block diagram of derived ch&nnel»QQﬂipmﬂﬁt is
g, 2.

shown in i %, As 1t was already stated above, at the
point w%gre the given ecuwlipment is placed, dev"Vatiﬁn of 4+
nels can be accomplished ani namely channels 9, 10, 11
dnu iﬁﬁ' These channels occupy linear spectrum seetlons,
) :

'thww arve adjacent to the 1 OhﬁtﬁiJ freguencies of the g”1&~
Ing f£illters. ;
Naming tle ann‘ as office ¥ where the derived chan-

£

JFMiut arranged, we wil ree Lo deslpnate:
a) the tvanmmgqukon &jvectign of upper-f peglency
groun Irom 1?306 L to office B - directlon A-Bj

h} the trangmisslion dl'actxan of lower-freguency
from offlee B to offlce A - dlpectlon B-A {(in diree~
a2 A-B and B-A transmission of 8 nmm«d#wiveﬂ chennels 1d
g on);
) _ " ¢) the transmission direaﬁion from office A to
office Vo~ direction A-Y;

= ﬂ} transmission di

nEl edgu

3
Q,J

.4
[
i lee A
s fro
d
e

VA s

rachion from Ufiice V to off
on VA {transmission through 4 derived channe 3
ffice A ig golng on in directions A~V

. g cransmlssion dir“ct on from office Lo
imffice B ~ direction V-B: , :

i f} the transmission dirvection from effice B to ciflce
Y on B~V (nran smisslion uhrough 4 derived channels
from office B i1s going on in directions V-B and B~-V).

£




e

i

fnfiﬁﬁe B. The frequency routes of derived channel equip-
ment are connected to the tandem office in front of the

\_current with. frequency 92 (or 80) kc.

|Fig. 2.3. Block diagran of derived channel eguipment.
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Office V with the ald of derived channel equipment
obtaing the possibility of communication organization
hrough 4 telephone channels wlth office A and also with

linesr amplifier inpubt for both transmission directions. |

In direction A-B and B-A two routes are formed: one |
for eight telephone channels and the other for control fre-
qufncies falling into the Sy@&ufﬂﬂ of four derived channels
-~ 02 and 80 ke,

First and common element of these routes 1g the

1fferential circult DS-1 (or DS-2), which divides the clr-

cuihb of 8-channel and 4-charnnel groups. Further in cur-
rent path of the first group the group amplifier GR.US.
A-B (GR.US .BA) is placed, which compensates the atbenuation
introduced by passive route elements and first of sll by
the filter K-108 (or D-68). In the GR.US. A-B (GR.US. B-A)
the high-frequency (or low-frequency) transmission direc-
tion currents are amplifiled, including also the control




§

Fig, 2.3 Block diasran of derived channel egulpment., Key,
L. Direction A-B

IR

o
.

Group amplificr {ﬁﬁﬁﬁ}

Prom VCH (high frequency) route egualiszer of bandem
offfice.

LAY
.

4. To IUS (Lline amplifie r} of the tandem office.
5. Direction A-Y
6. Direction V-B
T. Diprection V-A
8. Direction By
S. RASP %ﬂsﬁﬂﬁh {Power distributor)
10, From eQ allzer route
Y
%

HCH. (1-f) route
1%, Dirvection E-4
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speakwbuz“ device PVU, nengr meter NP and test amvli~
fier TUs enter into the constitublon of individual

equipment.

In equipment V- i2-2 ail listed units are arranged

on one rack, forming the individual equipment vack SI0,

s

1z-channels gets are installed on rack SIO, then it

18 called the SI0~12 rac h and for 24 sets, then 8I0-24,
(¥Sometimes these racks are alsgo called SI0-1 and 010w2}
Such outfitting permits to use the rack In different
muliiplexing systems. Already at present ths 310- 2l
racks are applied in the 24 and 60 channel systems of.
hiﬁhwfw@au@nay telephony through csble lines (K-24 and
K-60Y, in the 12-channel system cperating on sin gle

cable lines (KV-12), and also in the radio relay lines
multlplexing systems. » .

Ohannel charsoteristics are debermined malnly by

the guality of unit performance and thée time stabllity
of individual equipment. The amplitude freguency -
characteristic of the overall chamnel abteruwatlen depends
fivst of all on the atbenuation characterlstic of channel
filter. The amplitude characteristic and the coefflelant
of non~linear Alstortilons in the channel are deterwined
by the operation of amplitude limiter and low-freguency
amplifier. The intelligible and uninte 1ligiblie cross
talk to nri rhhoring channeis can sometimes be explained:
by filter defects and so on. Stabllity of freguency
and outpub level of the volceé-freguency ringlng generator
in conjunction with sensitlivity end selectivity of voice~

freqguency ringing-dialing veceiver and the corrvect relay

oparation, determines the operation of uemxwaufomatlc

cenmunication system and the passing of call signalk.,
operation of SIC units also tells on the group

aquzgm@nu characteristlics. For example, with insufficient

1 suppressicn of carrier current v remainders oy with over-
sized oubtput leével, the group devices cannot overload,

distortions and ncises and also trangent currents in

other clroults cannot arise.

Tt is clear from the glven examples that in the
terminal office 1t ig necessary to watch the condition
of individusl equipment, although meamures were balken
in the equlpment to mainiain stable system operation for
& long time. :
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Tho pres&nce of 1avg¢ number of identical units
in rack 8I0 (differentisl system, converter, UNCH-PTNV,

ete) in necessary case permits to accomplish easlly thelr
re-arrangemnent between channels or arrangement of reserve
unite, which are recommended to be kept in readiness.

S.2 Block diagram

The individual equipment rack dilagram is glven .on
Fig., 3.1 with the indication of level values in
different route. places does not require a detalled
explanstlon, since the general block diagram of termlnal
office was examined above. : .

We will only note here that these ﬂcute are of
the same type for all channels. The channel number
determines only the charscteristic and elements of
channel filters (KF) which depend on the operating
frequency range. When 12 filters KF sre connected in
parallel,it 1s necessary to correct their total oubtput
{or inpa*} impedance. This correctlion is accomplished by
cireult KX, '

A geries of jacks is shown on the diagram, The

L separation jacks arve installed in the two wire and four -

Y

wire routes, and also in the call signal braﬁ misglion
clreults; the control jacks are placed at the high
frequency input and output of the rack and in the carrier
freguency current feeding cireults. These Jacks vermit
to check @@pafaﬁﬂ route sections, to accomplish tandem

- connectlong, to measure the level at different clrecult

points, eﬁ
Tranbformer Tr.per and attenudtor Udy are the

18t elements of the SIO transmission route,

Trangformer Tr.per and algo transformer Tr.pr are
made according to a differential circeuit and have three

'outpuﬁ terminal pairs. Transmission route 18 connected

to the first terminal pair, i.e. the band filter oubput;
attenuator Uly 1s connected to the second terminal pair,
and the third terminal pair is used for the cornnection
of egulpment for broadcasting which is transmitted by
doubled channels. : ' .
When using SIO racks, making conbtacts by cable

lines, in the terminal offices the attenuator Ud, is

dlsconnected, as a consequence of which the output level
increases by O.o nepers and becomesg equal to ~4.5 nepers.
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Fig. 3.1 Block diagram of Individual equipment B
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A detalled degcriptlon of units, lncl dcd in the
SI0 rack, 1s g
be usged to explaln the different parts interaction in

the individusl egulpment.

,w- e

Cy mu oL yf ig placed into the transmigsilon ra

3.5 Differential syvstem and limitor {D30)

The "Iaefcnti 1 eircult divides The two w
ovbe which 1 common for bhoth transmlsgsion olrac?iap@
5 bwo recepbion and trensmission routes, which

ether form a four wire route,

The emplitude limitor l1s connected into the
trangmlasion rouvte and is Intended to protect the group
tevices from the Inerezsged levels of speaking currents,

ol appear with short subsgeribers lines or w1th
loud gpeech and can cause anplifier o ‘verl

r telegrap
Differen

ndividual

i g of th
riner Tre 18 the b asi

fo 5 of differen N
The Llof Cng capacitor G, wh}eu deceresses the shunting
transTormer action for ringing currents, 18 connected
from the switchboard to thie transformer.

Resistance By = 600 ohms and two wapecitorﬁ Cop ==
0.5 pf and Tz = 1 pf are the balanced lcad of the

The attenuators Udy {b = 0.25 ne o
OEWO nepers) and Uds (b = 0.25 me'&r&)j WﬁJPﬂ gerve o
ablish nominal V“'HG“ of mesguring v by

e and four wire switehing Jjacks, are in the trans-~
Ling and receliving brancheg of the differanbial

] f:" o
g_»

Input lmpedarnce differential g .
awitehing board side equals 600 ohms. A capacibor

$

ok o«
differential system Lo compensate for the reactive
component of this input imﬂeduvc

i1s

Reglstance Rg, whick = 600 olug serves to match
Lhe i
limitor input.

'ivwn below, bubt the given cireuit will also

Che 300 ohm differential system output with the 600 ohm
{

3T

it
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The smplitude llmiter 1s an unbalanced differential
gystem, made with the differential transformer e
Germanivm diodes Di and Dp are connected to one input of

1 this differentisl 5yﬂtem,vand‘diod@s Dz and Dy {type
. D2B) are connected through transformer Trs to the other
dnput . The first two diodes have a pogitive blas from o
& battery, and the other two & negative blas. f
' With the absernce of a c¢all and with normal speakingi
current levels, the dlode resistance 1s debermined by i
the bias veltage from the constant current gource, i
When at the input a speaking current limiter with E
incressed level 1s placed, the glternating voltage on E
the diodes is greaber than the constant voltage blasg, f

he dlode remistances in this case change such that the
amplitude limiter attenuation increases. Indeed, the
resigbance of serles connected diodes D and Do at high
slenal levels increases, and decreases with parallel
connected diodesg Dz and Do A11 things congldered this
leads toe an improvement of differential system balancing
(Trq), 1.e. to the increase of ite atitenustion.

The -amplitude charescteristic of the differential
ptem transmigsion route with limiter i1s represented on
ty &

>

F

g. 3.3, The operating attenvation of this differential

.
i
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system route with normal levels equals 1.l nepers and
of the recelving route 0.9 nepers.

Bifferentlal system and llimiter are installed in
one unlt, having small dimensions {32 by 90 by 140 mm)

which permit To arrange 12 such units on a mounting plate
120 mm wide.

Figo 3.3 Amplitude chavseteristic of dlfferentisal system
with limiter -
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ALY BSO wnit fransformers are made with permalloy
cores, whlch makes 1t posglble to decreage substantially
thelr glzesn.

The necessary switehing of elements (attenuators,
balanclng cireults and others) are accomplighed by
regoldering at the termingls, placed on the front
turbonit wnlh cover. ‘

i 43@&‘lndiviﬁu§; freguency converters end channel filters
Andividugl freguency converters enber into .
ﬁranamimaian’réute~{mﬂﬁuiaﬁaﬁﬂ) and into the reception
route (demodulators) of esch channel.
The frequéncy band of spesking currents 18 con-

e - .jverted in the modulators to the high frequency band
whlch oocuples depending on the channel nurber (l.e. on
the carrler frequency value) a definlte section in the

rrinclple 12 channel group spectrum 60 to 108 KC.
] Bemodulators meke & reverse conversion of high
frequency signals into low frequency signals with the
gid of the pame carrier frequency which ip used in the
modulator, o o
' From the point of vilew of economic and uniform
1 consumption of energy by the converters from thecsrrier |
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frequeney surrent smuyue; it is advisahla to oppositely
connect the modulater and demodulator diode bridges in
egch charmel from the side of carrier frequency feeding,
l.e. in such g way that one half would "open® the diodes,
e.g. the modulabtor, and the other the demodulator. '
The lower side band derived by the band channel
filter afber the modulstor is the opergblon band for
transmigsion and dlso for receptlon after the conversion.
The dlode bridge (Flg. 3.4) which is made from

capf@uﬁ oxide rectifliers MEV5-1 18 the basis of modulator
and demodulstor cireuit.

S e SV
%
G
fe
; i,

The sbtenuators Ud, o (? = 0.35 to ~0. 65 ncpnfs)
gnd Ud, (b = 0.8 nepers) are connected in front and |
al’ter The modulator, and they meke its balancing with the |
loads easler, in the Tirst place with the band filter..
Besides thig, these attenustorg permit to change their
attenuation by changing (3 solderinzs) the arm resistances
and by %bis permnit to establish the exact required level
value at SI0 output.

Attenuator Uds (b = 0.8 nepers), having the seme
purpose; 1s placed in front of the demodulabtor. Protec-
tion of low frequency circuits from high fraquency
signals getting into Lthem is provided by low pass filters,
formed by transformer Twl binding snd capacitor (3 and
#lgo by The colls Ty H3 and the input c&paoitan@e of
low frequency amplifiler. ,

On the other gide, the high pags filters the
elements of which &re Lj, ¢ and Co suppress the low

Lfrequency currents at the modul&t@r'outpuf gnd demcdulator
;input. _

— B
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- The attenuation of each individual converter is

. 1.0 to 1.1 nepers. The above mentioned low pass and high
pass filters which eliminate the shunting of operating
signals by converter loads ald the decrease of abtenuva-
tlion.

It is important for the modulabor to have such a
selectlon of bridge elements (4 rectifiers), which would
provide & minimumm leskage of carrler frequency current to
the cirvcult output. With great similarity of these
elements it is possible to reach the level of carrier
Trequency current remainder at the modulator output equal
to -5 nepers {usuzlly -%4.5 nepers).

411 unused converslon products in the transmlssion
route are suppressed by band £ilter. In the reception

Croute similar filters dsrive only one channel band from
the freguency range 60 to 108 KC.

Since fregquency bands arranged beiween channels
have relatively small width, then the requlrements for
filter attenuation increase outglde The pass band are
very high. Such #@n abbtenuation charvacteristic steepness
on the spectrum sectlons adjoining the pass band
together with high parameter stability can be provided
by fillters with plezo erystal resingtors which at our
place are even made from nabural quartz or from artifi-
cally ground crystals. )

A typilcal characteristic of channel band f{1lter

15 given on Fig. 3.5. The filter conslsts of two bridge
eircult sectlong matched by resistors Ry to Rg. The
.f,

input end output filter resistances equal 600 olms.

The circuit element values and the pass band are
determined by channel number. ) '

Parallel connection of 12 filters involve the
distortion of their attenuation charscteristics and the
incresse of rezctive component of input impedance.

Its compensation is made by connecting the speclial
eircult KE (Fig. 3.1) which is a four element tube terminal
network. ‘

Structurally the panel of individuzl channel
converters PIK (1 for 3 channels) contains 3 modulator
plocks, 3 demodulator blocks and 6 individual channel
fiiters. ALl these units are placed on & frame made
from flat bar steel, they are braced together by screws,
accessible from the Lront and If necessary could be taken

(‘E
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Chernel filters are mede with plezo electric
ginators and induetors with ferrccart m&vn@ti* circult.
The Filteps are muun»@a on & chassls fixed 3 ns:u9 )

asoldared cover. ernal view of the channe
£,

e
filter is C'Izona‘z 2. 3.6, The inductor used in the

filter {Fig. : {) vag sugzested by L. I. Rabkin (NIITR).
The app ﬂcai,"m; of ferrocart permits to reduce *Lb overal

gize dimensions by more than half with m,gp t to 8 eoil
without a cors.

Pig, 3.7 Inductance coil of the channel fllter
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The meximum amplifier amplification 1s 4.3 + 0.05
nepers, and without the feedback approximately 5.7 nepers.

Four ferrocart rings’(l) with permeabillty u =
400 which make the external. cylindér of inducténce

magnetlc eircult are snelosed In red copper case {(2).

Ingide thig cylinder a coll is placed which has 2 ceramic |
tube (3} as a frame for windings. Universal type winding

1 mede in sections. 'The core (4} and also the small
adJustors (5) are placed inside the ceramic tube.

3.5 Low frequency amnlifier and voilce~frequency dailing-
ringlng recelver,

The low frequency amplifier (UNOH) and the volce-
Trequency dialing and ringing receiver (PINV) are
combinad into one unit and form one common clrculit
1llustrated on Pig. 3.8. The cireult contains two tubes
OZHIP-E. One of them is in the amplifilcation stage _
which is common for gpeaking currents and call signal.
The second stage dlffers only to the PINV vecelver and
clreults are connected at its output which determine the
recelver selectivity and its protection from random
operaticng owing to components in freguency close to
2100 ¢ contalined in the speech spectrum.

The amplifier input transformer{Tr;) 1s made
with ferrocart core with w = 2000, Two resistances orne
of which is varlsble are connected parallel to the
primary windling. It 1s used as amplification control
(RU) and is placed on the switehboard oubside the unit
{UNCH~PTNV). The control RU changes the amplification
in the range 1.1 nepers.

The amplifier output transformer (Tr.) is an
unequal branch differentiasl system deslgned from the
condition of minimum losses of the speaking signale
uged for power in the volee-frequency diallng~-ringing
recelver, and also from the conditlon of the best
recedver protection from interference currents entering
from the awltehboard.

A comblned feedback (¢4, R6 and Rz, Hy, B&) which
encompagses the output transformer ls intbrodused to
improve the amplifiler characteristlc. The feedback
depth equals 1.5 nepers in the Lrequency range, 300 to
3400 . '

ot O
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Fig. 3.8 ¢ireuit ¢f the Low-frequency amplifler and of
the volce~frequency ringing-dialing receiver.

Switching board
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Flg. 3.8. {Continuation).
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The amplifier amplitude characteristic maintaing the
stralght line ghape with an accuracy of 0.01 nepers up

tlon coefficlent of the amplifier irput impedance wit)
meximun amplification is not greater than 15% with
respest to the 600 ohm reglstance, with the sxceptlon of
freguency 300 ¢ where 1t can be somewhet greater. The
reflection coefficlent amplifier output resistance with
respect to 600 ohm resistance 18 not greater than 10%
in all operation frequency range.

The correchion elements of smplifler frequency
characteristic (Dry €13 L, Cp and Iy C1g) provide.a
pousiblility of amplirficatfon raise &t The ends of
Trequency range (300 to 700 o3 2300 to 3400 ¢) in the
range 0.5 neper and in the middle of the band (500 to
1700 ¢) in the range 0.3 neper (Fig. 3.9).

The sending and reception of & call in Vel2e2
equipnent ip made by a 2100 ¢ volece~frequency ecurrent.

D Fig. 3.9 Preduency charascteristics of UNCH with connected

to +1.6 neper level at the amplifier output. The reflec~!

compengating clrecults.
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th
}erﬁ? ing coll of recelving yoirrized‘rei,;
mectaed thhudwh a rectifier bridge to +
.C}l.éi'gfr{'ﬁj;’f"j_},' ”‘}1 L mwg q} . ,
The relay drainage coll (3-4) is connected to the |
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series cireulf fo 634 15)- 1Its purpose 1g to hold the
relay srmatilre at” the nonoperating contaet

time of spealting QUﬁr@hﬁS pagsage and to prevent by this
fdlpe receiver operation.
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Reotlifler bw¢ﬁg@ sre made with type D2B germanium !

A field winding (5-6) 1s introduced which is fed
tery to hold the relay arwﬂbuww in non-
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operation vosmtlon with the absence of ringing and
gkl ~

g -
gpeaklng currents. A current iz established in the ‘ §
winding which provides the necessary ampere-turns, :
determined from the condition of smallest diﬁtoqbiovg of
pulege durations.

Tae receiver tube operates in the AV conditions.
Begldes this amplitude limitation takes place at the

1. RN t Lol
expenge of upper and lower characteristic be:
ig necessary in order that a smalle

in the relay windings woul b& obtained, and conseguently :
the 1les 1ling pulsss with *h@ gignal
leve ¢ Input. 1

s nay hag a stable operation in the
UHOH - m;v anié with level oselllations abt UNCH smplifier
input in the range 2.5 nepers. :

The amylxuuﬂe and Ffreqguency characteristics. of i
PINV receiver are illustrated on Fig. 3.10. E

The voiﬁ@mzﬁﬁimensy dlaling-ringing recelver
cpergten dependently with simulianecus &cﬁjaz of tq&
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fellowing unfavorable factors: deviabion of the Anging
aignal lﬁc“*ﬁﬁa by + or - 25 ¢ from the nominal vtlue;
minimum or maxlmun voltage of power supplies; presenc
of moleges with unif O &l energy spectrwn in freqguency band
300 to 3400 ¢ and with level -3 ne pers at g pnjnt whe
& 3
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the measuring level equals + 0.5 ne perg; level ogeills-
I“ ) i

y

H

tiong of the ringing signal at UNCH c%"t“rmt in the range
from =1.7 neperg to + 0.8 nepsrs.
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Structurally the UNOH-PUNY unit 1e Cln s foem
jof cut-in vlock, fThe FINY recelver elemen’ 0 in its 1
wopar part and UNCH amplifier elements in thm cwer part.
The wlt is provided by a 16 contach cmniic?sr blaoy placed;
in the back part of the chassis (Flbp 3of¢}. ?
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3.6 Volee~frequency ringing generator { gy , |

The volce-frequency ringing generator (Fig. 3.12)
has three tubes, two of which Lp and I form an RO i
E
|
i

coupled master stage, and the third tube (L) amplifies
the generated oscillations. The current freguency pro-
duced by the generator 1is determined by elements Ry
Cluz and B Ggmqg tts nowminal value equals 21@0 + 5 c.

The applicabtlion of negative feadback (resilstors Ry :
and Rg) and 1ts connection into the thermlstor (Iy) B
cireuit aid in the stabilization of outpub level and the |
improvement of ringing current curve forti. ?

A circullt consisting of the prlimary transformer
Trl winding and capascltor Cjg and tuned toc the 2100 ¢

requency is the plate load of the output ampllifying tube.
fransformer ls made with a TeH-560 type torroidal core,
naving 24 mm outer dlameter nd 13 mm inner diameter.

The generator has 2 ocutputs. A current of 2100 ¢
and with level ~1.5 nepers is applled to the telephone
channels through the first operating output (Vykh«rab};
the same signal with level -3 nepers can be applied to !
600 chm UNCH-PINV input for its checking through the
gecond test output (Vykh.isp).

Signal level coming from the operating and also .
from the besting output can vary in range + 0.5 nepers
with the aid of variable resistances Rsn and Rjg.

i
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| winding the relay sruature (as & 4onsequence of ampere

1 then Gl neper.

. .A.nnticjng Towering. of output level (by ©. 3 to 0.4
| nepers) owing to thé tube aging or @e & consequance of 3
other réssony 18 reglstered by lamp signalization aativatgg
by polardizad relav R. This velsy is &&Q by the rectifiled
current applied to ite winding (1-2) from the type DOB
diodes, which are connected into the IV winding cilreuit
of transformer Ty . By lowering the voltage value on thisg

tumng predominaice formed by the magnitizing eurrent)
cloges with & gontact placed in the signel lamp oircult,
‘ The output siznsl power wlth 2100 ¢ fraguency is
provided of such a valve that the gtudlied generator
elreult, that 1% is pousible to mend ringing curvrent
»thraugh.24 ¢hannels at the ssmwe time and with this the
level at the inpub of any oharmel does not become lower

"iﬁig, 3.12 Vbi&e»ﬁr@@ﬁamqyivinging gﬁﬁ@?&@?f.§QTV) .
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_ The vcicewfrﬁqueﬁmy ringing generator 15 haﬂai in
the form of cut-in block, on the front panel of which

tbegides the tuwbes (elegtren and signal) are placed: jacks"
-lof the both outpube, Jacks for messuring tube cathode
‘,_ammnami&wwyuﬁ@kdkmum@&&u@&agmﬁéﬁam@ﬁ%m@mf%@ﬁ%ﬂwwamﬁwmi%w»
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for regulating outpiet levels (Ryg and an)
A reservation of volce-fréquency ringing generator
s provided in the eguipment by another exactly similar
pb>e&ebcf@‘

A switch located between the principle and reserve
generator blocks can switch over the load from one to the
other; in gddition to this the sighal lawps at the switeh
mark which one of the generators is feeding ringing
fregquency nurr@nt inte the channels.

§

3.7 Joint qgcrai¢om of @naing and recelving devices
for voice~freguency ringineg and pulse &iwiing

place with & manual comnnection of cugtomers, and the
gecond presumes the realization of gemi~gutomatic connec—
tion. ' ‘

{forces to operale the relay Rp which forms a circult by

BTV unit (the relay Rg contacts of RTV unit are closed,

BEgulpment constitution. The following units and
elements of the individual equipment rack (Fig. 3.1) are
ineluded in the transmission and the receptlon cireuit of
volce-frequency ringing and diallng: a) volee-frequency
ringing generator (FIV); b) low frequency amplifier
Jolned with the volce-freguency disling-ringing recelver
(UNCH-PTNV): ¢) relay set for ringing devices RIV
{magneto wlnvirg 1elav) and RTV{voice~freguency ringing
velay)s d) control devices, arranged on the swltching
fleld, telephone Jacks to check volce~freguency dialing *
(Pwev TH) , buttons to check the sending of ,volca~

frequency ringing (Prov.PIWV), signal lamp to control
oal_ gending (Pom.vyz), signal lamp to control csll _
interception {Pr. vyz). A dowsl to check PTHV is *nqtajled
in the universals PVU lock.

W@ #ill examine in order the cy@ratien.of ligted

ceg Clrst with the sending of ringing current and
wn with the sending of dial pulses. The first takes

CCall gending. Magneteo ringing current with
freguency of 15 to 50 ¢ incoming Lrom the switchboard
pagsed choke Dry and rectifler bridge XM of the BIV unit.
The rectlfled voltage which appears 1n the bridge diagonal

48 contact into which enters also the relay Ky of the

{since relay itself 1z under current). Relay Ry operation
Anvolves the switchover of contacte, through which the

ringing frequency 2100 ¢ is applied from GTY Lo the

U 7~ J—
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 modu1ator inpux. The ringing signal passes further through]

lout, 1.e. the sending of the call woulé aﬁap

{call sending by consbtant current i1s aceompiiahed through

the route in the game way as the speaking slgnsl up to the
low frequency amplifier of the other terminal office.

With the operation of relay R, RIV the relay R,
ls simnltanﬁoublynlﬁcked whieh first was fed through +he
left contact of FIV ‘polarized relay. Thls blockingis
necessary for the cease of simultanecus incoming of a call
from the high frequency chennel; since wlthout 1t relay
R, would drop out as a consequence of circult break in the
polarized relay contacts. Following R,, Ry would also drop!

The call can be alsoc sent by & constant currvent.
In this case the "ground" from the switchboard (with four
wire termination of the channel) is directly applied by the
connecting wire to BV relay Ry and further occurs every-
thing as stated sgbove.

When there l1s a two wire channel termination, the

the operating palr of wires. The relay Ro of block RIV
also operates, which for this case 1s connpctﬁd in serles
with choke Dry (rnctifier bridge is exc3uded from the
circult).

: Operation o¢»relaJs involved in call sending can be
checked by observing the lighting of silgnsl lamp Pos.vyz.
in order to make the check,the button Prov. of PINV should .
be pressed, whlch is provided for every channel on the
SI0 switehing board. With this the mentioned lamp Pos.vyz.
will 1ight up every time, when th& performing relay Ry of |
RIV attracts its armature.

Call reception. @Getting into UNCH-PTHV block, the
call signal with frequency 2100 ¢ is rectified in the PINV
clrcult and acts on the polarized relay which is in this
block (Fig. 3.1 and Fig. 3.8). The relay srmature ig
thrown over from the left to the right contact, as a
consedguence of which a eilrcult is formed through Frov. PTNV
which 1s In a relesased condition, contacts of RTV relay
Ry transumisslon route Jjacks, placed on the switching board,
connacc& of RIV relay Ao and finally windinb of RIV relay
Ri. The operation of the last relay connects alternating
current source with freguency 15-50 cycles (e.g. power
ringing generators MI) of constant current 24 volt source,
to the two wire channel out put. Af ter this the entry of a
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{two wire route part in this o
(hresling the output differentisl system cirveults (removal

‘in the PUNY circult, acting after this on the polarized

JATS equipment .

Contrel of PTNV operation can be accomplished by
foreing the Prov. PTNY key. With this the polarized relay
grmature 1s thrown overp to the »ight contact and the lamp
Provyz instslled on the BI0 switehing board Jights Up.

Sending and recelving dial pulses. Sending of dial
pulses is made by a relay device which is not included in
the SI0 rack equipment. Thils device (ouﬁgoimg volce-Lfre—
guency dialing set - IKTHY provides the sending into the
channel of alternating current pulses with frequency 2100 o
Guration 40 to 60 nsec and with intervalg of the same
order, The alternation speed of pulses and intervals,
and also thedir dur&tion,is‘determineﬂ_by the rotation speed
of the dial disc. '

becompllaghment of seml-gutomatic connection Specifis
four wire channel termination at ST0. Elements of the
age are digconnected by

]

32

off BA0 Jwsers - Gn. per and On, pr in the eirsult of
Flg. 331},&ﬂ§fhy-br&&king reiay'Rg gireult in the BTV
block (removsl of RO Jjumpers ~ manusl operation).

' FPulsesn péss practicelly undistorted through the
nigh frequency channel. In the receiving part of equip-
wment they are separated by the volee~Treguency dialing-
ringing receliver and algoe as the call slgnel are rectified

relayvﬁga _ . .
With armatupe ogelllations in time with incoming
pulses, the positive of the 24 volt battery ("ground¥) :
15 applied through the right conbact of the polarized j
relay, the key of Prov.PINV, the cloged contact of relay
Ro HTV, the Jjack Per add further to the entering set of
volee~frequency dialing -~ VKIR whieh i1s present in the

The entire SI0 route Introduces pulge digtortions
not over 6 nsec. ‘

, Congtant curvent prulses which are sent from the
polarized relay contaets can be applied by pressing the
ey Prov, PTHV through jack Prov. T to any control device
in order to check their form, determine their duration, etel
If it 18 necessary t0 check the operation of UNCH-
PIRY by way of applying this input a series of undistorted

pulses, then one proceeds in the following way. The input

54 .
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of UNCH is connected by cords with Prov.TV Jacks which are
located on the panel of speak-buzz device (PVU). Manipula-
ting the dial disc and the corresponding PVU switches,
a neceagary number of 2100 ¢ alternation current pulses
can be applied with the reguired level to the UNCH-PTNY
input. These pulses converted into sending of constant
current can be observed by devices connected by the already
mentioned Jack Prov.TV,.

© A1l relays of the degcribed ecilrcullb, except the
relay Rp of unit RIV, have an operation and drop out delay
in the owxder of 75 to 120 msec, which prevents the sending
of magneto ringing in the switching board direction with
random operations of PTNV. :

Structurally the RIV and RITV sets are made in the
form of eut-in blocks. In one block type, four relay setbs
of magneto~-ringing are contained, and in the other four |
volce~Irequency ringing relay setg. Thus there are three !
blocks of each type on the S$I0-~12 rack, which cccupy iwo
120 mm wide panels ab the back of the rack. There are foux
such panels on 3I0-24 rack. ' '

2.8 Switching board and FVUD

The SI0 switch board is schematically illustrated |
on Fig. 3.13. It contains element groups relating
separately to each channel and elements common to all
channels. ' ) ;

The cut-in block of spesk-~buzz device PVU 18 &
part of switchboard and it makes with it a single
structural unit. : , _

The contrel switching elements set of the channel
(24 sets) consists of amplification regulator RU taken
out on the bank from UNCH, 1 jack pair conpzcted into
two wire channel part (2 pr.lin and 2 pr. komm), one Jack
pair comnected into transmission route (4 per. lin and 4
per., komm), one Jack pailr connected. into reception route
(4 pr. lin and 4 pr. komm), lamps recording the busy
condition of the channel IZ and keys En Z by pressing of
which the lamp IZ lights up, 1f the channel is indeed
ceccuppled by service personnel for checking purposes.
Ugling Jacke In two and four wire grounds & conversation
can be conducted and & call can be sent with the ald of
P¥U in the switchboard direction and also into the. line
L direction separately or alf fhe same tiwme. The same. iacks

— 55 -
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pefmit to make measurements and tests of the channels.
Twenty~four keys Prov. PINV the purpcse of

which wags already explained in section 7 of this chapter
are placed separately at the bottom right of the board.

Lamps Pr, vyz and Pos. vyz serving for the
contrmL of generator {GIV) and volce-frequency ringlng
receiver (PTNV) operation, are located in the middle
gection of the swltchboard. They are connected to this

that channel by pressing the corresponding k@fu Prov.,
PNV .
Some switching board Jjacks - transition,

connecting lines, service lines and others were introduced

for different switchings and de lities with eguipment
operation.

m

The 1tehing beard of STO rack is set up from
Jack spacers wit} jaok keys and lamp holders, compact-
1y made from plastic and metallic componentsg. The
application of such jack spacers permitted to reduce
the switchboard dimensiong, in spite of the large
number of elements insvalled on it. The swlitching
board is divided into two parts, each of which is fixed
on hinges and can be folded back, providing access to
elements from the ssemb]y side.

Lloek PVU SIO pG”fOﬁmb a number of functiunw
which make easler the servicing of the eguipment and
the control of its opera tloab PVU carn be connected to
a two wire and also tc & four wire channel part, per-
nnitting with this a separate or simultaneous conversation
in both directiong from the place of connection.
Communication is accomplished with the aid of FVU through
the connecting and also through the service lines (in-
c]uding also the number dial with the connectilon to ATS).
PV is used when checking the voice-frequency dlaling-
ringing receliver, when controlling the load frequency
amplifier a;ﬁ alse with other checks, whereupon the
amplification stage in the unit permits to ralse the
level of gignals entering into the telephone.

With a four wire connectlion of PVU the above
mentloned dividing jacks are uged on the switching
board 4 per lin, 4 per. komm and 4 pr. lin, 4 pr. komm,
the slgnal level in which in correspondence with .the
level diagram equals ~-1.5 nepers (transmission) and +0.5

)
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Fig. 3.13. OKQ switching board.
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Fig. 3.13.
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On Flg. 3.14 a part of the PVU circult is
illustrated, made from i1ts elements in the case of four
wire connection.

CFig. 3.14% WU elrcuit with LY-wire connsction,
Ofiu pase
‘ﬁf.,"

| 'Q\‘—%;f “":ﬁﬁ%gﬁg\
. T {ﬁ{ﬁ
7 Mt::§ %ggg{
—— et
¥ourg %F‘/{;& { '
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o3t pase

Tranzformer Tri forms a nonegual branch
differential system. Atternuation from microphone M to
Jacks Per is higher by two nepers then from the microphone
to Jacks Pr, which provides the nscessary level values,
when speech is made from VU in the line dzrbction and

in the switching board direction.

Cross tal attenuation between transformers
Trp and Trg 1s 4.5 nepers. These transformers permit
to optaln Anput ?uSiﬁE&nC& values in the PVU dirsction
egual to 600 ohms with separate conversation and 5000
ohms with common (simultaneocus) conversation. To accom-
plish this or the other form of conversation was possible
ag a conseguence of special sgoldering syetem of separating
Jacks in the switching board (common conversatlon and
control are possible oniy with Jacks connected in the
switching board divection).

For the atternuwation compensgation introduced
by the differential transformer {rom jacks Peredacha in
the telephone T direction, an amplifier is provided
congisting from a tube Ig, inpub transformer Try, output
transformer Trb and two load resistors R7 and Rg. The

latter i connected only with separate conversation, when
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Fig. 3.15 PVU circult with 2- wire connsction.

g the telephone increases. As a
result the telephone level is always of the order -1 neper
A vojce»fregvepﬂy ringing can be sent from
PV in the 1ﬂwe direction, a constant Puﬁv et call in
AN bou:<} 411<W“D"Oﬁ snd & call treﬁxﬁw & awit
1 be recelved {these clrculte are not shcwn
for the simplicity of the schematlc).

fﬁ mo Jacks 2 pr. lin and 2 pr. komm, tc send a
the swltching board direction and to receive a
rom The line and also from the switching board.

connections of PYU a circult is
. 3.15 as the previous cirﬁui
a separate and conmon converss
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r the same two wire cireult is

made, when it is necessg ry to carry a conversation from

any of the two service

3.5 Neper meter

The neper meter ;

lines,

gerves to measure the oversl
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channel attenvation and also control the levél in the
Trequency range from 300 to 3400 c¢. Generator and level
recorder are Included in the neper meter constitubion
(Fig., 3.16}.

The generator 1ls & two stage RU coupled amplifier
with tubes Ly and L3z of the type 6ZH1P-E, having
positive and negatlive feedbacks circults. The positive
feedback circuit consists of 2 ULI type reslstors (R.
and Rg) and 9 pairs of type SSG-1 capacitors (Cq and Cp).

The setting of generated freqguency is accomplished
by a switch, having 9 posltions corresponding to fixed '
frequencies 300, 400, 600, 800, 16G0, 2100, 2400, 3000
snd 34500 c¢. This switch connects different capacitances
into the cilrcuit conditionally represented on Fig. 3.16
by capacitors €1 and Cp.

Fig., 3.16 Neper meter circults
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The positive feedback clrcult volbage is baken off
the potentiameter ﬂ9 which 1s part of the tube Lz plate
load. The generator ocutput level can be varied within a
small range {O.l neper) at the expense of the potentis-
meter resistance variation, l.e. at the expense of posi-
tive feedback cirecult varlation. '

With the presence of negative feedback, the
cireult of which is formed by thermistor Ly and resistors
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R, and Rz, the level in certain ranges does not depend
en voltage ogelllatlons of power suppliles.

The generator has a cathode output. The oubtpub
transformer Try 1s designed in such a way that the
generator oubtpub lmpedance Zgyy = €00 chms. The level
at the cutput ls regulated by a two way switch which
comrutates the H-shaped attenuators Udi.s, With the
connection of attenuators the cutput lsvel = + 0.5 nepers.
With the introduction of attenuvators Uolf—;,,g Udy, Udz; Udo
and Udy, the level correspondingly decreases to O,}mO.M,
~0.7, =1.5 and -2.0 nevers.

o Generator cutput circults are wound on the switch
Klp contacts alfter the attenuator and then are terminated
by Gn, jacks. The generator output iz connected with the
level. Indlcator input by the key Kiy. Besideg this, the
output level value 18 checked with different two way
switch positions. . ‘
' AL the generator level somewhat changes when the
tubes and thermistor are replaced, then it can be
regtored by the potentiameter Rga

The level indicator can measure levels at the
range -% rnepers to +3% nepers. It consgisbs of input
device {Ryxz, Tr,, Ryy), one amplifier stage with tube
Ly (6ZH1P-E), & rectifier device and constant current
{ma} indicating device which is calibrated in nepers,
The level indleator input is let out to the Gnp jack,
Begldes this, at the level indicator input are found the
ey K

L, by which the 600 ohm and 7 resistance inpub
impedance of the device can be establighed, and the
voitage divider Rl% with two way swltch PKz gerving to
estanlish the reguired indicator level sgensltivity + 3,
+2, +1, O, ~1, -2, -3 nepers. The measurement error
at frequency 80C ¢ at the O neper mark is not over + 0.05
Nepers .,

The debector device (M) is made by a full wave
rectifler cilrcult with germanium diodes D2R; micro-ammeber
M~-24 for 10 pa with the first class is used as the
indicating device.

Reglistance R16 1s connected in geries t
bridge for temperature compensation of dicde resistance
variation,
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5 10 Tegt amplifier

The test amplifier (IUs) is intended to check
the channels of individual equipment "on itself® by
connpctinﬁ 1t between transmission and receptiﬁn routes,

The ampiifier ¢ircult (Fig. 3.17) has two stages
with tubes 6ZHLP-E and with negative feodback, the
depth of which 18 3.4 nepers.. The feedback voltage is
taken off part of the tranzforner mrg gecondary winding
thrcugh elements 05, R7 and applied into the cathode
circult of the first tube.

Fig. 5,1? Clreuit of test amplifiler IUs,
£

The amplifier amplification in the op@rating’
fraguency band 60-108 k¢ = 3,2 nepers, and the non-
uniformity of frequency characteristic 1lg not over 0,03 .
nepers. The amplitude characteristic is a stralght line
up to the cutpub level value +2 nepers. Nominal values
of input and output impedasnces = 600 chms.

. PFor a bvetter amplifier matching with loads, the
ttenuators U3y (b = 0.5 nepers), Uds (b= 1 neper) are

ﬁi,cwnﬁect d at its input and attenusntor Udp (b = 0.5 nepers)

ia nonneﬂtpd at 1ts outpub.
: The amplifier is connected to the tested chdnnel

‘between the cutput of transmission route charmel filter

and the input of receptlon route chanrnel filter of SIO,
The measuressnld levels at these points have the values

~4 .2 and -1 nepers correspondingly. It can be also used
o check the entire equipment SIO "on itsplf" to which are
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also subJect the group elements of this rack {Fig. 3.1).
It 1s necessary to use line transformers in this
case to match the amplifler input and output with the
SI0 transmission and'recepﬁion routes output and input
(haviﬁg resistance of 135 ohms). Similar transformers
* ‘are uged for example in the measurement bench IP-150,
With complete check of 8I0,amplification of IUs should
be Increased to 1 neper for which the attenuator Udz 1is
disconnected, =

Chapter 4. Group eguipment

4.1 General information .

Group equipment is intended Ffor conversion and
amplification of currents incoming from the individual
part of equipment (SIO) with frequency spectrum 60 - 108
ke into linear frequency spectrum 36 - 84 ke or 92 - 143
ke, and for inverse conversion of currents incomlng from
the line into the frequency spectrum 60.- 108 ke.

Group equipment is combined into one rack (SGO) :
wlth generator devices, to supply the group and individual
converters by carrier currents, and with automatic level |
regulation devices. ' o,

Depending on the transmission direction A-B or
B-A and on the linear spectrum alternate I, I, III, or
IV (Fig. 1.1), SGO has two principle forms: 8GO-A and
8G0-B (thelr construction difference 1s shown on Fig.2.1).
In the SG0-A rack, the upper frequency group 92 - 143 ke
is transmitted into the line and the lower 36 - 8% ke is
recelved, and in the rack S8G0-B, the lower frequency
group is transmitted into the line and the upper is
recelved. : _ ~

Units entering into the group equlipment can be
gubdivided into two groups. ) :

To the first group are related unlts whlch are
common to the terminal and also to the tandem offices.

To them relate: lilnear amplifiers (nigh frequency LUs.
or low freguency LUs.), directing filters (DK-88), linear
filters (DK-33), regulating artificial lines (RIL),
matehing device (SU), devices for distant power trans-
mission to satellite repeater office VUS-12 (DDP and PDP),
additional filters (D-88 dop or K-88 dop) and low-pass
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filter (D-153). ,
o the pecond group refer unite used only in
group equipment of the terminal offlce: band eliminatlon
rilters (ZF-A or ZF-B)}, transmission route group conver-
tery of freguency (GP-1 and GF-2) and reception route
group converters of freguency (GP-1 and GP-2), group band
Sfilter (GPP), trensmission amplifier (Us.per}, low-pags
filter (D-200), transmission route rectifier (Vyr. per)
and reception route rectifier {(Vyr. pr), low pass filter
(K~77), additional filter (K-22) for the 8G0-A rack and
recepbion amplifier (Us. pr).

FPrinciple information which characterizes the
group eguipment routes 1s the follcowing: the ftransmission
measurement level at the line oubput = + 2 nepers, at the
sransmigsion roube input ~-4.8 nepers and at the recep-
tion route oubtput -0.6 nepers.

The frequency charasteristic of transmisslon
route maintaing its straight line feature with an
accuracy of 0.1 nepers, and that of the reception route
with dlfferent positions of regulators RIL with an
accurasy of % 0.07 nepers,

The maximum amplification of reception routes
for racks SG0-A and SGO-B ig by 2.5 nepers lower than
the amplification of the corresponding routes of the
tandem office PV-12-2. The trangmisslon and reception
amplitude characteristic maintains its straight line
with an accuracy .03 nepers with the inerease of the
cutput level by 2 nepers relative to the nominal value.

The nominal value of inpubt reslstance from the
side of matching devices 8U connection equals 600 ohms.

The reflection coefflcient at this point with
vespect to the 600 ohm resistance 1s not over 10%. The
‘nominal value of input and output .resistance from the
S10 connection side = 135 ohms.

Below in sections 2, 3, 4 and 5, units are
examined which are common for terminal and tandem
offices, and 1n sections 6, 7, 8 and 9, the unlis which
enter into the constitution of group equipment only for
terminal offices.

4,2 Tinear amplifier
Linear amplifiers (LUs) are intended to amplify
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f“”QWLﬂCV speotrum currents and to produce a transmission
level egqual to +2 nepers ab the office outpub.

Two types of linear amplifiers sre used in V-12-2
quipment. The lower [requency group amplifier connected
into the transmisslon roube of bthe terminal office B and
into the route B-A of the tandem office, and the upper
group frequency amplifier connected into the transmigsion
roube of terminal office A and into the route A-B of the

tandem office. They differ only by input transformers
and re ‘Eat nce values connected in the secondary windings
of these transformers.

" fhe linear amplifier (Fig. 4.1} hag three ampli-~
fler shages. In bthe first two, the bubes OZHIP-E are
uged, and the third contains three parﬂllel connected
tuheg OPE8~-E. The application of these tubes permitted
to produce undistorted power at fhe srmplifier oubput over
6 watbe {up to + 4.5 nepers).

The amplifier cireult 1lg provided by 8 daeep
comblned werative feedback which encompasses all stages
and the oubpult transformer Trs. _

The fee d% ok voltage is applied from the outpub
transformer through reslstors Rog and Rov into ihc
cathode circult of the first tube (R,). The feedback
clireult is congbructed in such a way that the amplifier
oubput impedance which iz = to 135 ohms ls basically
determined by the resistance Rog value, Its variation
in known range practically has a Little influence on the
feedback, and conseguenily, on the amplifier amplifica-
tion. Ab thils same time, by varying the value of
registance Ry, the amplifier ampiification can be
regulated: 1ts cubtput impedance with this practically
remaing constant.

Almost the whole value of negative feedback
depends on the extvernal feedback which encompasses all
the shages, and n}y a negligible value in the order 0.4
nepers is on the local feedbaak, which encompasggses the
auplifier oubpul stage

The amplifier amplification value without the
feedback is 11 nepervrs, and wlth the feedback 1t 18 6.2
nepers. The frequency characterisiic nonuniformity in
the operation f{reguency band is not over 0.03 nepers.

A clreult Ry, Cx which lowers the amplification in low
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frequency range and circult Rpy Ci6 which lowers the
amplification in high frequency range are. provided for
amplifier stablility.

2 Inate mutuval effect of ampliflers through

Tn elimiy 24
Dower hhy,lﬁqsg the coupling filters are placed in the
Teeding circults of each amplifier: filter Pro C15 in

cu
the common plate circult and filter Drj al{ in the heater
circult., :
Nominal value of amplifier input and output

impedances 1g 135 cohms. With this the amplifier reflec-
vion coefflcient wilth respect to 135 ohnm reslstance is
not over 15% from the input side and 5 5% from the outpub
side. -

Nonlinearity abtenuvation of the ampl
outg&t level + 2 nepers is not legs than 5,
by the seccnd haﬂmonlc and not lese than 10 n
tplrd harmonic, ; ,
High quality indiceg of the linear amplifier are

very stable In time. This ls attained by the application
of deep negative Teedback in the examined circuilt, that
encompagsed all stages, by the adopted measures of

stabllity increasing and alsc by the selection of relieved
condltions for the output stage.

b2 Bilters

Directing flltPIS DE-88 are intended to separat

gmission directiong, l.e. to separate the 11nbw4
wm of the 12 channel system into lower 35 ~ B4 ke
pper 92 - 143 ke frequency groups. FEach directing
r set conslsts of low pass filter D-88 and high
filter K-88 connected in parallel {(Fig., 4.2). Both
rs are made by an unbalanced cilrcult.

A directing circult Mr C17 1 comnected from the
parallel filter cperation 1de and 1t incrszases the
filter attenuatlon in the difiltration band (84 to 92 ke)
and also provides better matchln% conditions of the
f1lter input resistance with loads. .

Nominal value of filter input impedance = 135 ohms.
he reflection coefficient between the fillter input
impedance and the 135 cohm resistance is not over 10%.
Linear flilters DK-Z3 divide the linear spectrum
of 12 and 3 channel systems operating on one 01rg11t

s

ite
3
tea
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Fig. %.2 Clrcult and characteristics of DK-88 filters.
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Each set of the stated [ilters conslsts of low pass
filter D-33 and high pass {ilter K-35, The principle clr-
cuits and frequency characteristics of these filters are
Hillustrated in Fig. 4.3, ‘These filters are made with

nalanced eircuit, in 2o far as they are connected to the
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aerial line which requires load symmetry relative to
ground . :

Asymmebrical attenuation of these filters A, = In
Un is not smaller than 5 nepers in the operating freguen-
AU ‘ : ;
¢y band, here U, - voltage measured on the filter load
resistance; AU - voltage measured between the mid-point of
 load resistance and ground {frame). '

‘The correcting eirecult Lg C Cg , which improves
filter matching with load and increases attenuation in the
defilbration band, is connected from the parallel filter
operation side, -

. Nominal value of filter input impedances = 600 ohns.
Between filter K-37 and the directing filter DK-88, the
line transformer Try 18 connected, which mabches the input
impedances of these filters (600 and 135 ohms.

N Tr the terminal and also 1n the tandem offices,
linear and directling filters are connected from the aide
of thelr parallel operation to those route places, where
the currents of both transmisslon directions pass, where-
upon currents of one direction pass with high level and-
currents of other direction with low level. Thieg
circumstance reguires a high degree of lin@érlity from
filters and consequently from the slements which make
up these filters. Otherwise, the harmonic components
arnd comblned currents would introduce conslderable
mutual interferences into the channels.

Therelore, the filber inductors do not have
ferro-magnetic cores, and capacitor bodies, [ilter
thlelds and brackets in#silde the sghilelds are made from
red copper . :

Linear and directing filters are structually
analogoug and repregent two hermetically sealed seven
section tanks. Circults are placed inside them, made of
egpecially stable capacitors SSG and inductors on plastic
frames.

External wvliew of filter tank and one standard
section 18 shown on Fig., 4.4, ,

When makling calculations it should.be congidered
that filter D-33 gometimes operate in gomewhat more
compllcated cendltions than other filters., With the

conmection of matellite repeater offices (VUs-12), a
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| constant current of distant source flows through the fil-

ter elemente. However, this current doesg not Introduce
additional distortlons Into freguency routes.

Fig., 4.3 Circult and éharac@eristias of DK~33 filters.
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- Additional filters D-88 dop and KESB dop amplify
the effect of principle directing filters DK-88 in the
a'ﬁﬁﬁﬂ&ﬁlob hand, providing by thils th@ necegsary

‘ rection currents {(loop atbenua-

revarge
g filters are connected Into group roubtesn
at low level polnts, therefore no high regulremerts O
non-linearity attenuation are presented 'o the e¢lements
of thesge filters. '
Tnc principle cirveult and fr requency chsracterisbtic
senuation for £filter D-88 dop are shown in F¢g, L5
» filter K-88 dop on Fig. 4.6, It is seen from
ircults that each filter consishs of two m tvgc
ectiong. Inductors with carbonyl iron cores and mica
oapacibola are used ag the filter elements.

Fig., 4.4 EBxternal view of the filter tank.

Low pass filter D-153 is intended for the protec-
tion of the group route of the upper frequency group
from interferences created by brmadv ating sbtations
operating in frequency range from 160 ke and higher,
This filter is connected into the upper freguency group
route ab the regulating artificial line inpub, il.¢., in
direct proximity to the linsar equipment Input. The
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elreult and the filter attenuation characteristle are
i1lustrated in Fig.

ki
fds
oo
vy
S
D
i
2

.tﬁ'dtbe

iy s e - SR 1
Trom 162 ke and h

135 ohm resistance
guency band.
Y-

W 2P
¥
3

S B R

ot e . g [elo] 2 A e
fLeriatics of D00 dop filter.

N

Lo

Pt dimagey

[0S S

ENY SRS
.

G20 W 58 B W RO wawg

Filter D-153% 1is oo
R A GAN] I nuatlon in the pass band up o 345 ke
8 net over 0,035 nepers, while in the
igher) it has an attenuation not smaller
‘ nepery. Nominal value of filter inpubt impe

= 155 ohmg, The reflection coeffi clent between

i
- 3

ghesth Paﬁpnnvj co

> gy o
el

DLPEMLUIQ¢1y the {ilters are made in the form of

ﬁ:

i

accompllshed by an unbalanced

attenuvatlon band

ANCaE

—u

a
input and
not over 9% in the cperation fre.

capacitore and inductors with
8V-%a are the filter elements.

CALL filter components are
which is placed into a housing mich

e




*

f

glass partition ingulators. Structural information of
type SB cores is given in Flg., 4.8, As seen from the
Pigure, the SB core consisbs of a cup with thread 1, a
smooth eup 2, and fine adjuster 3.

Fig, 4.6 Ciroult and characteristlc of K-83 dop filter.
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Because of the small nonlinearity bthe fllter codls
prevent the appearance of nonlinear distorticns with
favorable meteorologlceal conditions, when the attenuation
of the preceeding ampllfier section 1s small and large
level currents enter the filter input.
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Flg. 4.7 Circult and characteristic of D-153 filter,
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L. b Ma+chiwg devices and devices for transmitting

distance supnly.

The matching devlce SU is intended for the
matehing of eguipment inpud impe&an e with the impedance
of line connected to ii. '

Cables with paper cordal or sbyroflection insula-
tion are used in most cases for leading in the line %o

the btermminal znd tandem offices. Aeriszl or coll loaded

inlets are used lesg freguently,. Depending on the type

__Of inlet cables, having different wave impedancas, three

forms of matching devices are provided: 1) aubo-trans-
former with load impedance ratio 550:140 and conductor
diameter 1.4 mm for cable with cordsl paper insulation
2) aubto-transformer with load impedance ratio 5501180
and conductor diameter 1.4 mm for cable with styroflec-
tion insulation; 3) coll loading office set KPS for
ceil loaded cable with styroflection insulation, conduc-
tor diameter 1.2 mm and load-coil spacing 120 m.
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Fig. 4.8 Structure information of SB-2a and SB-Ya cores.
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Ezch matehing device has resistors which establish
the oubtput impedance value of equipment in the range ‘
from H50 ohms . to 60C ohms. These resigtances are
connected in parallel at the office outpub of the
matehing device, ' ; :

Devices for distance power supply transmission to
satellite repeater sbablons VUS-12 are provided on the
cpoup equipment racks of the terminal and tandem offlces.
These devices conglst of distance power supply yokes DDP
through which distance power supply current 1s applled to
1inear Filbers D-33 and further into the line, and
trargmission panels of distance power supply PDP, on
whish The following switching 1is accomplighed: fthe
distance power supply voltage 1s switched on and off,
distance power supply current is regulated by variable
resistance, digbtance feeding current and volbage are
controllied by indicating instrument, telephone transit
relay 1s switched on with the absence of digtance |
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feeding, signalizaiion 1s switched on when the dlsbance
feeding current value 1s over the standard specification.

With the aid of the examined devices, separate
feeding ls accomplished for smplifiers of both direc”EOn“
in equivment VUE-12 by the clrcult wire-ground., Nomina
current value of ampllifier feeding for esach direction
= 180 ma. Nominal voltage value of distance feeding at
the inpub of PLP device = 206 v.
o Operahion of all elements of the distance supply
feeding device can be traced in the circult illustrated
on Fig., 4.9. , _

The supply ia swlbtched on by key Kly or the key
Klp depending into which circult wire the distance
gupply has to be cormected. By turning it on, e.g. into
wire a, the key Kli should be Tirst placed in the center
position {-21}, and then in the upper (+206). When the
key 1g put in the center position the differential relay
DR, operates (fram the current Tlowlng througn compensga-
LAOH winding 1-2) and also the auxillary connection relay
EVVg . Besides that, relay Ry operates in DDP, which by
its contact 13-14 prepares the circult for distance
supply feeding to fllterg DK-33 and by contacts 1l-12
talkes off the shunt from separatlion capacitor €y = 10 pf
which prevents the distance feeding curvent from getiing
inte the equipment, .

When differentlal relay DR, operates, the signal
mp L 1lghte up and cilrcult is cyeatau for ?iynalllnﬁ
ration on  row transparency.

Sigralling operabting continues Uﬁtil the key X1
will not be switched over to the upper position, after
which distance feeding current through choke Dry winding
1-8 and f£llter D-33 enters the ling. A clreult is made
for digtance supply feeding by wire b through the second
half winding separatved from the first by capacitor Cz =
10 }mﬁ‘,

Lan
Op

Attenvation introduced by choke at frequencies
0.3 to 36 ke is not over 0.05 nepers.

Simultaneously with placing the switch K1, to the
upper poslitlon, the key Kn, should be pressed to exclude
the possibility of supply switching off relay RVPg
oparation, Thils latter can remove diptance feeding from
the line with momentary operation of relay DRy from the

- 7 -
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flows in the line wind:
'?hes in VUS 1z.
Hio f distance feedlng devices
in the line and compensation
DR, are adjusted to be the game = to
80 ma. As a result of this, relays DRy and RVE, are
nn a nonoperating condltion, wbleh ig marked by the burn-
ng of necn lamp NLI which iondicates the good condition
£ distance feeding circult. '

Current mesgurenent in relay DRs windings is made
by PIEL device st the Jacks which have corresponding In<
gserdptions Lin and Komn“ Begldes thuf there is a

e
T

W
1
i
in
o

device mh on the distance supply feeding panel wnlch
meagures current and voltage of digtance feedling.

- Comnection of the device to thls cor the other
circult is made by the switch KW, the shunt in the device
ig designed to measure currents tp to sro ma. When
volt&gw is measured, the key Kn, 1g pressed, which
connects resistanceg in series with the q>”jceﬁ which
extend the measurement range up to 300 v. When the
distance feeding current changes by more than 0%
relative to bthe nominal value, relays DRy, and RVP,
cperate, the distance feeding circult 1s open, nem lamp

KL, goes out and clreult 1s made for slgnalling operation
on the transparency.

Aneiogbunly, the passing of current in different
circuits with supply feeding through wire b can be
traced on the ecircult of Fig. 4.9, Relays with subscript
 operate in these clrcults,

.5 Imitial slope equallizers
Initial slope eqguallzers, Vyv. weh, nakl, neh and
Vyr. nanh nalkl. veh, are introduced into the receptlon:
route of racks SGO0-A and SGO-B and AﬁtO the corresponding
outes of The tandem offjae for gimplifying the principle
hqud¢lé 2y clrcults of the regulating artificial line
AIL and for decreaging group equipment set nolses at low
ixﬁwuenCAQ in the operation range. '
Frinciple clrcult and freguency characteristic

of equalirzer Vyr. nach. nakl. nch are illustrated on
Fig, 4,10, and of eQ“aJizcr Vyr. nach., nakl, veh on
Fig, 4.1, ‘
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Flg. & 10 - Circuit and cnaraﬂteristic of 10wnfraquency
initidl glope equa117er
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Fig, 4.11 Circult and unaracterisbla or nwf initial
&10ge egquallizer.
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Iﬁ is ,mﬁm from the figurea that both,equalizers
are msede with unbalanced circults and their characteris-
ticg in operatlon frequency band have a stralght line
gloping character. The characteristic slope of equalizer
Vyr. nach nakl. nch 18 bzg - b84 = 0.5 neperg, and of

- equalizer Vyr. nach. nakl. veh is bgp - biyz = 0.3 nepers.
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At upper frequencles of operabing range the egquallzer
atteruation 1s not over 0.05 nepers.

Inductors with cores SB-2; and SB-Yy and mica
capacitors S84 and S5@Z are the equa“iz@r elemﬁntﬂ.

With eguipment operation on the main iline, oon-
taining short anplifying sectlona, the @qaalizera can be
switched off,

4,6 @roup freguency converters

+the diodes, to provide s complete gu&rmntae from 1

Ring circultd converters (E%g. 1?} are uged in
the two stages of frequency group conversion In trans-
mission and recepbtion roubes. _

An advantage of the ring converter clrcult over
othars ig the productlon of the smallest number of
spurlioug ”WK””fj?On products. This clrcult property
is very 1ﬁpovt«ﬁt for group converbers diﬁgm the elimina-
tion of thease products from the Uyﬁ”d?JQHA‘EQC%Wﬁm alds
+he lnerease of mutual protection between channels,
excliudes group roube amplifier overload and finally
eliminates the appearance of translent currents wibth
different freguency combinabtions on the parallel clrcults.

Fig, 4,12 Group freguency converter cilreult

&

The necesgary relation l1s also selected betwee
yoltages of modulating (Ug) and carrier signals (U )
18

appearance of thesge undesirable effects in group conver-
ters. The gquantity Ug approaches values in the or dﬁr
' [
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0.007 to 0.005, which leads to negligible amplitudes of
paragsltic oscillatlons. A good converter balancing
which ig obtained by careful diode selection sevves the

a
same purposes. Ry upsetbing the balance at the output of
+f =y

thig unit, and ¢ conseq! J.mst'},y at the office cm**u W, A
nurbar of new compoesite aarverﬂion products appear, which

are not inherent in The ide ring circult.
Begides four nontfnvaw elements (diodes), the

converter conbtalng also three transformers. Twe of them

input and output {Tr1 and ﬁrz), have mid polnts in one
of the winding through which carrier frequency current

is applied. The third transformer (Trp) connected from

the slde of carrler freguency current f@wdhﬁﬁ, matches
t%e converter with group carvier frequency amplifier

oubtpub. Germanium diodes DPB are used as a nonlinear
element.

An exception ig the second group converter in
the transmisslion roubte wlth comnected copper oxid
rectifiers MEV-7-1, with the presence of which the

oubtput spectrum contalng the smallest number of spurdous
conversion products.

The Input slgnal level Rﬂ and carrlier fregquency
voltage U, should correspund the datum given in table

E.L on the corresponding input terminels of the converter.

The converteyr attenuation = 1 neper. The carrier
current level at the output of any group converter is not

over -4.0 nepers.

fr 7

i Converter ? Py, nep Un, v
| GP~-1 per § -9 2.5
; Gp-2 per g -2.0 z.1
| Gr-1 pr f ~4,1 2.5

The group converbers GP-2 per have a somewhab
Prevant cireult from that 1llusbrated on Flg. 4.12.
s input transformer ig a differential one, whereupon
rrents of spectrum 60 to 108 ke are applled to one
inpub, and control freguency currenth to the other.
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4,7 'Transmlssion amplifier

The transmission emplifier Uy per is connected
inte the transmission route after the group band filter
OPF and is intended for amplification of currents with
freguencies 594 to 451 ke, obbtalned after the first
group converglon of freguency.

The amplifier (Fig. 4.13) has two amplifier
stages with tubes Ly and Lo (type 6ZHLP-E). Transformer
Trqy 1s on the amplifier input and transformer Tro is at
the oubput, which contain ferrccart cores and together
with loads Ry €1 and Ryg Cg spacify the 1lrput and output
amplifier impedance = 1%5 ohms ,

Fig. 4.13 Transmission amplifier circult
T .

B4
4
‘ 5

« ”ﬂ‘ . 3
g , A e 206

Negatlve current feedback with a depth 2.1 nepers
ig provided in the amplifier circult, which 1s applied
from the tube Ly cathode circult (resistors Ryg - Rll)
to the amplifier input (resistance Rp)« Ampllification
of this amplifier in operation freguency band eguals 3.7
werg . Nominal valuve of output level is -2.5 nepers.

e smplifier amplitude characteristic meintains its
straight line up to the outpubt level value of C nepers.

4.8 Reception amplifier

Reception amplifier Us pr is connected at the
output of group recepbion route and serves for the
amplification of currents with frequency spsctrum 60 -
108 ke, separated by D-200 fllter after the rveception

— 8l —
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freguency convert
The amplif
Ly and T {Tfre }

ier cir ult (Fig. 4.14) has two tubes
i / }+ There is a two wind ing trans-
Former “rq : of the amplifier and a differen-
tial trenslormer Tro, at the uutwut Yo one iﬂﬂxt of the
latver the reception route of the individual equipment
rack is com ec@@dg t¢ the Gther - the control channel
receiver. A4 combined negative feedback with depth 2.5
nepers 1s used in the receiver, which is applied from
winding II of transformer Tr, and resistance Rip to
registsnce Bm ingerted Into the cathode cireult of tube
L.

C""
s
o
-
}—‘:1
58
‘_J

Pig. 4.14 euit

&i; 4
ﬂ{::%wm‘ﬂws

;g‘m

Amplifler Us. pr has the 1olluw?15 principle
parameters. Amplification in the operation frequency

tond i 5.5 nepers, the nominal level at the owtput
X 0.6 nepers, nominal value of input and output
s olo 135 ohmas the amplitude cmaraeserjatjg

s 8iraight line un to the output level of

wpers; nonlinearity attenuation at the second
harmonic 18 not less than & nepers and at the third
barmonlc not less than 9.5 nepers,

Structurally the reception amplifier is made in

the form of owh~1n block, which 1s placed on one panel
with band £ilter GPF filter D-200 and with two route

COTW'FW‘tpV"F ()f’ reseption. noahe Lraguency

<o
U1
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Group route equaLi:er
AP sarve Lo e P

4,9 Group route equallizers
] s Vyr. per A-B and Vyr., pr
amplitude fraqucnﬁf dgistor-
1 el
4

tixﬂ253 41iﬂﬂm3ut* iy guipment unibs and

PR R NP Y <4 T o3 N .\ W
principly by the Iilters i‘}?(wuo, DE-88, D-88 dop, K-BO
dop, and D-153. The menticned distortions arise &t the
nda of operation frequency band and are cloge in

(lz }0

efore, all group roube equalizer circults are
ﬂanQOOdu wnﬂ differ from each other only by element
e entering into the egquallzers.
The princip proup route equalize

1liustrated on Flg. Qﬁ 5., which consists of twWo
unbalanced bridged-T sections. Inductors with cores
SR from carbonyl iron and mica capacitors SGMZ are the
elements of The equalizer. Resistors K, and Ry are

1 into the equalizer circuilts, with the aid of

&7
che waﬁe” in the teeminal and also in the tandem statlions.
Th

J

<:
A...J
=5
~,
ot
O

b

r oclroeult is

connectead
which the sfe@pnzﬁg of egualizer attenuation curve can
be c¢hanged 8t the ends of operation frequency band.

On ﬁig, L.15b and ¢, the sgualizer attenuation
characteristics for transmission rontrﬁ o‘ racks 3G0-B
"wa MHO A are 1llustrated, and on Fig. 4.15d and &, the
characteristics of receptlon PcaLe equallzers
SG0~-B and 860-A are illusirated the band ghape
iatice at the endg of operation Ireguency range
:d when rescldering the resigtance Rp and RL
are comnected In the longitudinal and also in
fer equalizer branches.

Group route frequency characterisblic ig usually
correct by equalizers when the equipment is adjusted in

he factory. In operation condliions the group route
should be equalized by correction to terminal networks
which are present in the cathode circults of the regula-
ting amplifiers.,

Structurally each equalizer should be mounted in
different block, which has a turbonit cover WAEQ c“ }s
o whieh all necessary resolderings are made.  Attenua-
tors for 0.1} 0.2 and 0.3 nepersg the Inputs and output of
which are alsc brought out to the terminalsg on the block
cover, are algo arranged 1In the same block.

The attenuators aserve to fix the requlred level
values and therefore are included in the route with

—_ 86 -
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Fig. 4,15 Cimuit: and charaateristic of group route
equalizers, B
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Fig, 4.15 (Continued) .
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factoyy adjustment of the equip%ent;

%10 Terminzl gtation group routs filters

Pand elimination filters ZF-A and ZF-B, Band

input of terminal office A group equipment, and filter

zw-B (Pig. ¥.17) - in office B. The purpose of these

rilters was menbtloned in section 1, chapter 2.

_—

eliminabion filter ZF-A (Fig. 4.16) ig installed at the -




‘Fig, 4.16 Circuit and characteristic of ZF-A fillter,

;
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]
i A -
72 75 8 04 &8 & 56 A T T

- Filter attenuvatlion on the spectrum frequency
sections occuppled by the channels 18 nob over 0.1 nepers,
and at freguenciles coinciding with individual carriler
frequencles for filters ZF-A 1s greater than 2 nepers and
for ZF-B greater than 3 nepers.

Such conditlons ecan be fulfilled only with the
presence of quartz regonatorg. Owing to the high quality
factor, they introduce atbtenuation in very narrow fre-
guency band, which includes the suppressed carrier
frequency. Besldes resonaporg, the capacitors (mica and

~ 8 -
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ceramic with variable capacitance) are also used in the
filter, and also the inductors with ferrocart magnetic
circult. '

Fig. %.17 Civeult and characteristic of 7F-B filter
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“ilber elements aré placed in hermetic ¢11y gealed
housing, inside which are also found the matcehing tTrans-
formers, which fix the load resisgtance {135 ohms) input
and cubtput filter impedances.

Filters GPF and D-200. Fu‘,er GPF (Fig. 4.,18)
and D-200 (P*g i 10) are plaucd after the group converiterg
of the termlnaj office and are lntended to derive useful
conversion products,
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Fig., 4,18 Circuit and charvacteristic of GPF filter
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Both filters are accompli
and nave input impedanc in pass band equal to 135 ohms.

The attenuvation of LLJC? GFF in the freguency bvand 400
to B48 ke 1s ot over 0.15 to 0.25 ne pﬁrej and in the
abternuation band it is greater than 7 rers., Attenuation
of fiilter D-200 is not over .1 nepers ab freguencies Jp
to 1BC ke, and 1t is greater than 7 nepers at freguencie
above 240 ke. , ; ,

Structurally, the fllters are made in the form of
hermetically sealed blocks. Mica capacitors and inductors

1]

H
it shell type cores of

% carbonyl iron are the filter
elementsa, '

terg, K~T7 and E-22. Filter K- 77 {(Fig. 4.20)
oLify the effect of the directing filter
ing the raeceiving route of the terminal

ghed by unbalanced clrcoul®
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3 Filter K-22(Fig.4.21) serves to amplify thé effect

of flying filter K-33, preventing the current transfer
From the 3 channel system into the low frequency group
poute of the 12 channel system. This filter i also

made by an unbalanced circult and also has input

impedance in pass band equal to 135 ohms. Filter attenua-
tion in pazs band from 22 ke and higher 18 0.15 nepers,

and in the cuboff range about 4 nepers.

Inductors with toroidal cores from carbonyl irdn
and mica eapacltors are the filter elements.

C A1l examined filfers are placed in hermetically.
sealed hougings and the connection of inslde filter wiring
With the outslde is made through glass insulators with
metallic tube.

Fig. 4.20 Circult and characteristic of K-T77 f{ilter.
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i Chapter 5. CGenerator equipment el

Fig. 4.21 Circult and characteristic of X-22 filter.
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5.1 feneral information

Stable operation of generator equipment in many
ways dtermines the operation dependablility of the entire
syatemn.

The terminal office generator equipment of ¥V-1i2-2
system should provide the formation of 12 separate carrier
frequencles (64, 68, 72, 76, 80, 84, 88, 92, 96, 100, 104
and 108 ke), the 240 ke group carrier frequency and also

2 carrler freguencieg and 2 control frequencles determined
by one of the alternates of the llne spectrum and office
type In correspondence with table 5.1. '
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1senond gronp trama~

Slops vegulatlim

Frofquencsy (ke 7 with @@fﬁtram altormatives
!

) E NN - S
ﬂgﬁw"‘i ghal ! b oA § 8b.B let.d 4ab.B S"w A 'f LYH :

misslon conversion..i 308 | 484 | 543 | 364 | B4 | 484 | 306 | 354
Pirgh group recep | |

tion sonverslon.....l 4R4 | 308 1 364 1543 | 484 | B4l 364 | R06

pilﬁ% coxpReme &0 64 A1 1 3'% 160 64 . E“% i iﬁ%

pi.:i‘i:-?tmc;awsma

64 | 58 104 | 100 | 64

f
- S

Table 5.1 hPJQp and pilot fre

quency values for different |
spectrum alternatlives. ’ o '

On the rellable opevat*og of p@ncr ator devices de-
pend the transmisgion quallity and in the first place such
pPODgftLES as speech intelligibility, timbre p@mbcrvaﬁion
and also stability of the principle charnel characteristics

- voltage, replacement of <ircult el@mﬂvaﬁ
.4

of conver

the ahbsgence of auu‘jdb interferences in them ard 86 on. -

» Bpeaking on the generator gtabi 1ity, we have in
mind in the first place ﬁur congtaney of freguency value
in time and with the iuﬁluenco of different unFaVOrah¢e
fectors {variestion of temperature snd power supply

b and thelr aging)
and the studlness of l@Vu7 vaiue also with %fier ent

equipment Opfr“tiﬂﬁ onditions. v

Although 1t is known that with the transmiasion
sation the dlisplacement of the entire volce-

frequency spachtrum zg to to 20 ¢ at the recepbion rela-

tive to transmisslon dos v effectlvely distort the.
gpeaking signals, percepted by the ear, nevertheless
regquirementg for corrier cuprent generabor devices deter-

mine the permissible value of thils displacement for one
rangducer section is not greater than 1 c.

g kﬂ

This requivement for the high frequency stability |

- 05 -

Flat rerulation P ‘ ® , - ~,‘. ;"
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 to ging distortions,with broaﬁcasting trangmlissions - to

Gilfferefnice from V-12 eguipment inmperted congtructlon and

is déterminad by the necessity for transmitting vaice-.srgj<?
 frequency telegraph glgnals, photo-telegraph signals and

broadecasting programg through telephone channels with
pecond kystem multipiacing.  For ths 55 kirds of communics-
tion the lovering of generator stability leads to non-
permisgible digtortions; with telegreph ftransmission -

i o

the viclation of sounding naburalnes
Regulrements for fvoqyency qtab*lity of control
cuvr@nt generators g;.io “D}are determined by the narrow %
and quartz fllters of the control channel receivers.
it is no less inyortamt to have a stable lewvel
of control signale, since its oscilllation digturbe the
main line level diagram, causing either amplifler over-
load or:a decrease of the rabio slgnal over nolse. Begildes
tbat, level variation of control currents and also of
carpler frequency currents leads to stability disturbance
of thw overal channel attenuation. The bterminal office
generabor system of V-12-2 equilpment hes an essential

glse in the principle and structural working of separate
units.

Loy

5.2  Block dispgram

Block diagram of the generator eguipment is glven
on Fig. 5.1, which provides the formation of ail necessary
frequencles, The principle frequency of 4 ke is generated
by QU¢ris %Myvllatow & I, which has a gtanility not lower
than 2.1

~ Frow the % ke osclllator output the volitage is
applied to the 4 ko power amplifier input (Us-4) and
further to the harmonic oszclllator which iy sbructurally
combined with the amplifiler. In the harmonlc cosclllator
the sinuscoidal oseillations are converted into gharp pointed
impulses which contain & large number of harminiec component
of the cscillatlons with slowly decreasing amplitude. 'The
impulses at the harmonic oscillator output are syvmmetricall
arranged on both sides con the time axils and contain
therefore only odd harmonies of the fundamental frequency.
In order to obtain even harmonics which determine the
current production for a number of sgeparate carrier

J

frequencies, 1t 1s necesmary to have an impulse series.

_— 96




Bt st e

k-diagram of geners ’
dlagram of generator eguipment.
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Fig. 5.1 (Continued).

f._ -~ ?; wt - v r‘ . F"'«" Ms&‘;- -
;r*i" Qﬁri.,‘ LH.9 * img'
IRSERN ﬁgjifs f‘; 7y !,’ :’i:
l«.os-a.l--‘zﬂ } S o o 2 S
{ :f i1y ,[ | 1‘«
g{/\,7?;;{/'\; (L;; /\Jiiimjsa ’\u-ée

} H
! ,’ ‘ !I N i t
| A %ﬁ!%&#%i ﬁ% @%
e P 3 fi s I e
= U415 Jt*i%!%@ *zE{jz
R AT B b s T B T s
s =iy feis k1= B W B
s iad e Rt L vt
: | A% igamg L AR

‘ i it d i
| } . 1y [y
e S ke
RS R 1 R L PR L O
L) [ N R R
men-n:}L-ﬂ: wu’i»mu—-’)jt«nq&m-llw-nmcj

[V

located on one side of the time axls, which is provided
by a rectifier bridge.

from tﬂ@.hdI%QﬂiC ogeillator outpubs, the 4 ke
urrent pulse nter the parallel conmected narrow hand

matehing trlad ormer Each fi?ter pwuﬂ 8 only one fre-
que 1wy wnich c'rreSpumds to some separate conversion
frequency, suppressing all others which are different
from the pass frequency by 4 ke and more. AL tha output
of each filter a simplest disbributing device RU

connected which makes pogsible the simultanecus feeding of

modulators and demodulators of 2 11Ke channels (l.e. 4
converters). This possibility can be used when feeding
2 V-12-2 systems from one generator equipment.
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The group carrier frequencies 308, 340, 464, 484

ke, ete, ave the odd harmonlee of the 4 ke fundamental
 frequency, are derived by the corresponding group carrier

frequency filters FON.

o ﬁsmm&ctiuz of amplifiers after filbers FOH im
determined by the large harmonic numbers In conjJunctlon
with the nece&aity of providing power fov group carrier
currents (30 mw) on each fed frequency converter.
Digtributing devicesg RU for the group carrier currents
are also designed to feed 2 V-12-2 systems.

Ly l
Somewhat more complicated ig the productlon of
the group 0arwﬁe?ﬁ nich are not harsonics of the funda-~
mcnial zgenevator I qucney‘ En auxiliary 5 ke freqguency
(ﬁr its h&rmankc), V}iuh 1g summed in gpeclal group carriev
sonverters PON with 4 ke Ffrequency harmonics, is used in ‘
the formation of group carriers. In additlon to this the
fovmat¢0n of other 3 group carrier frequencles 1s made in -
the following way:

;ﬁ*‘*r}k(?mié"}ilwww

5%3 G = %i}& Ex 1,
306 ko = 316 ke ~ 10 ke = 4 % 79 ~ 5% 2,
541 ke w 268 x 2 # 5 ke = (4 x ?) 205 x 1

Gifcu'“ construction for the formation of these
three freguencies afber the converters PO are completely
analogous to circuit construction for the dlvect sepava-
tion of tnc necegsary harmonlc.

e auxiliary 5 ke frequency is formed in a

gpacial 4 ?o fruquvuéj converter Pﬁ%/5 This converter
consists of a serdies connected multiplier, affer which
a 20 ke freguency 1s farmmd; and 2 freguency dﬁvidars
with division coefficlient g.

To ralse the omewatton dependability of the

| generator equipment, the masbter oscillator, the ¥ ke

gmplifier with harmonic Qﬁlel"JOf and 4/5 ke converter

 Pr are reserved Switehing over to reserve set is

accowpllished m@nuai¢j by a swlteh.

Gontrol currents with freguenciles 60 to 111 ke
and 58 te 109 ke are sroduced by independent generstors
with guartz sbtabvilization. Control currents with fre-

quencies 64 to 104 ke, coineiding in theilr frequency
mkhk the separate carrier frequencies of the second and
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L frequencies; produced by the independent generators, is

twelth channels are produced by generators that are
synchronized (or h@ld} by the currents of theme carrier
frequencies.

L Lz seen from the eczamined block ﬁlamrum, the
stability of all carrler frequencies is determined by
the stability of fnw magter 4 ke osgeillator, 1.e. eguals
2,100, Thie provides a frequency digplacement of the
operating signal, passing the terminal offlce roubte, by

value not grester than 0.3 c. tability of control

not regul Tﬁd Lé bc that high, and therefore, 1% is taken
ggual to 2.
' Whv sgujpment,locatea on separmb@ paﬁels is
clreumseribed by dotted lineg on the block diagram.
The cut-1ln bloeck construction permita to

&Semole easlily on the rack that generator equipment
which is necespary for the glven terminal office, operating
on a specific line spectrum alﬁepnanc, When changing
rrom one spectrum alternmate to another, the UGN blocks
with FGN filters and also the control fﬁ QUANCY gZenerators
should be replaced., PN and Pr 4/5 converterg arve addi-
t¢omi12v installed for II, 1II and IV spectrum altemates.

[

5.3 Masnter oscillator

on Fig. 5.2, The generator is made ag a bridge cireuit

i reserve in the direction of frequency lowering 1s explained

Basic cireult for the magter osclllator is glven

with thermistor and tunsed circult in the plate cireult
off the output tube. * The bridge ammg are formed by
(¥ AL present, tubes 10 ZHLIL are used in generator G-4.
In the futuva, the generator tubes are propoged to be
changed to GZHLP-E}
quartz reainators KPR, , thermistor LT’ resistors Ryp and Hsi
The plate circult Ldjw10 of tube L.p 18 tun@d to the
freguency 4 ko
The Lharmistar L stabllizes tha Gﬁcillating

VoLudge on the guartz resinator and provides a constan®

output level. The variable capacltance C3 permits b
tune the generator frequency in the range (% 70.to ~100). |
times 1077 (0.3 to 0.4 ¢). Increase of the regulation 5

by the presence of natural process of generator frequency
LHQYGQSL g ag a result of quartz resinator aging, which
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and 3 relays Py, Py and Py (Fig. 5.3).

n the first months of operztlon is (20 to 3“). 10~6,
The gen@fatnr fﬂaqm@ney gtabllity with the action of
other lﬁf&ﬁﬂﬁ“Lﬁg factors (OﬂﬂillauLOﬂ of feeding voltages
by plus or minus 10%, Var,ailom of Exﬂﬁﬂundiﬂm Tenpe v%ture,
tube replacemsat) does not go beyond the range 5.10-7.
Control of thermostat heabing and gignalling
notifying the disturbance of its normal thermal conditilon,
1s made by. 2 thermal contacts Thy and Tko, tube L Ly (LOZHLL)

The tewmperature In the thermostat plus 15° ¢
ghould be held with an accurscy of ¢ or - 0.2 dagr&eﬁa
T%@rmustaﬁ winding 1-2 ig the heating winding: it is
connested by relay P3 contacte. Measuring winds ing 3-8
made. of copper wire permits Lo control tbﬁ,L@my»P sbure. .

inside the thermostat by measurirg its vesisbance which
is beforehand determined at+ 20% ¢ temperature. Usually
its value is in the range 600 to 700 ohns.

#ig.5.2 Master ozclilator '1 uih

To relay swmbachs
K fr HET pene '
%rnm? %ﬁﬁt@rzwmnﬁ

l {‘ " ) *ﬁ?
4B e | pmadmzzh
. f:::; £ mm. x Ws
iz ixj T‘ aif“f;:f f%"ﬁ;
= ' §
. Thafhmitat | @, / &Q
o s G
o be T om0 Y
M3m cenp ¥
Esamramnent i —
vesistanog, L b4
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dropg out turning off The heating winding and signalling.
o (e}

The circult operating dynamics are as follows. i
frter the generator 1s turned on, the thermostat heating §
beging which lagts for sbouf an hour. During thls time, |
the lamp L.{Term.vkl) is on, since the mercury in the E
thermal coftfbact Tk; haw not yet reached contact 2. At |
the same time the grid blas of tube Ln 1s fixed by ;
potential formed at & point between the plate divider :
reslstors Ry and Ry. The tube is open, and the current %
flowlng in the plalte circult caugfes the operation of f
relay Pz, the eontacts of which together with the heatingi
winding turn on alsc the lamp L. ,

. If the temperature in thérmostat is -+ 50° ¢, then
conbacts 1 and 2 of %the thermal regulator Ty are closed
through 2 mercury column and "ground" {(i.e. -206 v) is
apptled to tube L, grid. The tube iz cubtolf, relay Pj3

A new lowering of mercury level below contact 2 in Thy
cauges heating to turn on. Thus, tubs Lo permits to fix
exactly the switehing on moment and the switching on of
the heatling winding, which determines the negligible
temperature ogelllations inside the thermostat.

The thermal conbtact Tk? controls the operation of
‘polarized relay Pz; I the mercury level in Tk, 1s
above contact 2 but below contact 3, relay Pp armature

s in the neutral posiltlion, since the currents in both
windings determined by resistors Rig and Ry, are ,
approximately egual.  If the mercury is at the level of
contast 3 or below contact 2, (which occurs when
temperature in the fthermostat for some reason reaches
correspondingly 54 or 44° ¢), then the smpere turns of
some winding predominate and relay Po armabure ig closed
with one of the contacis. Following this relay F.
opergtes and the emergency signalling is turned on (lamp
-LQ ig on), which indicate the inaceuracy of the thermostat
hesting systen.

The signal lamp L6 Osm. razr. illustrated on
Fig. 5.3 lights on in the principle generator block when
1t is switched over to the reserve (or vice versa).
daster ke oseillators of type G-4 (principle and reservé
are fizxed on the backglde of the rack on its upper partc. .

[
<k
g
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Pig., 5.3 Regulation clrcult by heating thermostatb.
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Generator G-4 is
The 4 ke quartsz ﬂzsouatoJ enclosed in the thermogtatb,
the structure of which 1s shown in Fig. 5.4. Its thermal
insulation is provided by & felt layer (2), lald between
the massive aluminum cylimqer (1} and externsl buckeb (%),

j in the form of cut-in panel.
1

J(ﬂ}—""\,

. Thermosbat windings are wound on the external cylinder
side {4}, Thermal contacts of the thermostab {at 50°C and
- LY to BLOCY are enclosed in protecting tubes (5) and can be

removed (aprawwu off} from the external panel side.

: The variable capaciltor installed in the generator
for freguency tunjng ia provided by a vernler which
insures smooth metilon of the capacitor rotor.

5.1 4 ke amplifier and harmonlc oscillator
Principle circult of the 4 ke amplifier and
haTMuﬂlb oscillator 1s given on Fig. 5.5. The amplifier
s made with a resonance circult with tubes GZHIP-E
(p climinary stage) anq 6P35-E (output stage). The power
at amplifier output is not less than 3 W. In order to
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obtain sinugoldal oscillatlon forms at the amplifier futpud
which is very imporbtant for undistorited harmonic osell-
lator opsration, apeart from the parallel clrcults in the
filvret and gecond stapge anode cilrcults (Trl - Cp; Trp ~

Fig., 5.4 Gen@fatqr -4 thermoatat.
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to the presgence of
b ke frequancy formed in

current Plowing through it.

14 close to G,
S“‘Er aggaring
saburation of

th

age ci?cnlts, the hafmmaics and
the harmonic osclllator ave not

shunted by the amplifier outpubt lmpedance,
Fig, 5.5 4 ke amplifler and hammonic ?lellﬂﬁ’ﬁ clroult.
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The harmonle ogeillator cons st of coll L and
apacitors 13 %nd L . A 3eiebaJan of permalloy rings
each 50 to 60 mk thick were used in the coil core. The

inductance sharply deperds on the VdL&“ of tnﬁ

With 1

of coil L, when the ins

dﬂerwwﬁ

uh@'c re material,

inductance s Geber

Large
stanbansous
capacitors €13 and ”1h are chargsd.

when the

nduct ance
ufﬂeﬁt Value _
With
mined by %anx ‘
antaneous

3‘14;"
s

| courrent value : spprozehes the amplitude Vﬁlﬂ%, aap&aiﬁoﬁs
are” d*uchavgﬁd through load resistance and inductor.
This process 18 repeated in the. followiny period. The

wneren
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dilscharge current puises have sharp pointed form, are
alternating aceording to direction, and therefore contain
& large number of odd harmonics. Even harmonls of 4 ke
Traquency are obtained atter Full wave rectilicatlon
{rectifier D} of the 2 way pulses.

The harmonilc oscillabor has 2 outputs; Vykh. pecheg
and Vykh. chet.,2 directlion pulses are pregent on the
~first output, and 1 direction pulse 18 on the second. The
operation of 4 ke amplifier and harmonic genervator to a
‘greater degree depends on the exact correppordence of
some clrcult elements to their nmominal paramsters , than
the operation of other wnits. Thus for example, it i1s
very important that the data of the output tube and
especlally of the non-linesr coil would not change
noticeably during the operation time. - _

Two cub-in blocks Us-4 {principle and reserve)
enter into the 4 ke amplifier plate. The switching over
of amplifiers Us-4 (together with generators Gu#)~is

-
2To I

P
ade by a ewibch in the middle of the panel.

=

5.5 _Current smplifiers for group carrier freguencies
Cuvrent amplifiers for group carvier frequencies
UG are made according to thres different cirecults. Thig
ig determined by the difference in theip operation
conditions.  Amplifiers UGN fopr frequencles 3&0 ke (Pig.
5.6), 308 and 364 ko {¥Fig. 5.7) are one-stege resonance
ampliflers with tube 6ZHIP-E. The voltage at thelir
Anput iz 0.7 to 1.5 volts. UGN for freguency 340 ke in
digstinetion from the other amplifiers is designed to
feed 4 group converters, which meke 1t necesgary Lo intro-
duce into it 2 tubes GZHIP~-E operating parallel to the
load. .

Amplifiers UGK for frequencies 306, 4184, 541 and
543 ke (¥Fig. 5.8) contain 2 amplifier stages. The signal
voltage equals 0.05 to 0.10 volts at the amplifier input
in view of the high number of the used harmonics and the
introduction of addition filters and converterg. Depend-
ing on the level oscillation of the amplifled harmonie,
the amplifiers operate in the clipping condition to
decresse the power oscillation range at the amplifier
output. : B '
All amplifiers have transformer inputs and outputs.
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~and output Impedance 135 ohms. '

. The group carrier frequency amplifier is |
structurally made in the form of cut-In block which %
occuples the right panel part. Shielded receptacle
hlocks are fixed o its front slde, which connsct the
panel circult with rack

Quartz fillter

oo
12

C ssembly wilth the aid of bows.
or group carvier freguencies 1is installed
] t

Y

5.6 Generator equipment filters

Two Pilter types enter the genervator eguipment:
separate and group carrier frequency f1lters (FINCH and
FGNY. Principle circults and characteristics for both
filter types are given on Fig. 5.9 and PFig. 5.10,

The attenuation of these filters ghould increase
fast on both sides of the pass bands in order That the
L ke freguency harmonicg, neighboringwW.th the derived
frequency, would not leak inte the converters and would
not cause the appearance of different interferences from
additicnal conversion products. For this purpcse, quartz
»aginators are introduced into the filters whieh provide:

a} in one section FINCH, 3000 ¢ pass band; abtenuation
at rated carrier frequency fyp = 0.2 nepers; attenuation
at Irequency fy + 4000 ¢ - 4.5 to 5 nepers; input and
output impedance 700 olms; b} in 2 section FGN, pass :
band 400 c¢; attenuation at rated freguency £ - 0.4 nepers
attenuation at freguency fr £ 4000 ¢ - 8 nepgrﬂ~ input

Koy

4

5
Y
/
t

Digtributing deviceg RU are the last elements in
all current feeding routes of separate and group carrier
fraquencies. As seen from Figs. 5.6, 5.7 and 5.8, this
device conslists of registord, connected so, that the
mutual effect of converters Tfor different systems and
transmigsion directions is eliminated. ‘

It was necegsgary Lo uge only one convergion stage
to produce gome group carrier frequencles (306, 541 and
U3 ke}. Converter PGN (Fig. 5.1) is made by a bridge
cirvoult and operaties between filters FGOGN which derilve
only the used freguencles.

5.7 4/5 ke converter

As was already stated, in order to form a number
of group carrler frequencles, the presence of 5 and 10 ke

H

e 109 ) A

Wwe
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frequency 18 necessary.

Fig. 5.9 Circult and characteristics of filter for in-
dividusl carrier freguencies, ‘ ‘
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The 5 ke frequency is cobtained from the fundamental Yke
frequency by a speclal convertor. Princlple circult of
the convertor 18 glven in Fig. 5.11.

The convertor contains 5 tubes 6ZHIP-E. Filrst
stage is intended to amplify the input signal with 4 ke
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frequency, to which the clrcult G5 Try i tuned. Fre-
guency multiplier ig connected to amplifier input, con-
sisting of germanium diodes Dy and Da, which distort the
curve shepe of the fundamental oscillation and reslst-
znces Rg and Ry, which make the entire circult symme-
trical and make the dlode replacement easler with the
presence of some spread in theilr parameters.

Fig. 5.10 Circult and characteristic of group carrier
fregquency filter.
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The necessa ry frequency 20 ke, which 1s the smalles
common multiple for frequencies 4 and 5 ke, 1s derived
by circulte Co Trg and g Ln, ig amplified by tube Lo

and 1s addl tlcﬂqkjy fiitered by circults fqm i and Gy 15
Tro which are also tuned to this freguency.
Third and fourth stages are frequency dividers with

division coefficient 2, which provides the most stable
c¢ireult operation. AL the output of the first divider
the frecuency value is 10 ke and at the oubtpubt of the
second, 5 ke. The frequency dlviders represent 10 and 5
Rc Frequency curraent veoltage generators,in the feedback

ireulte of which ring type modulators are connected.
W1tm the absence of exbernal signal (LQ ke) the ring
type modulator D1 has a high attenuation, therefore
ogcillations 4o not arise. When applying an exbernal
“slgnal the modulator attenuvatlon decreases up to a value

at which the uua~g@*~r1t0r ig pelf~exaited. The
fraguency of 10 ke fGW 5 ke in the second divider) pro-
duced by 1t is applied fo the modulstor ag the carrier
Frequency . : ) _

During the conversion a current with different
Frequency 20~10 ke {or 10-5 ke) is produced, which
mainbaling generation with Suﬂ%ilitj of the initial 20 yc
qualilaﬁlon,

Circuits €16 Try and Cyg Trg are tuned £o IQ ke
frequency and clrculis Cqﬂ Trgand 6ﬂd Tey, to the 5 kv
freguency. Res 1Mtnr“ Rg, _1~, ﬁfq are Iintended ﬁo shunt
the grid circult, which excludes the formatlon of self-

ceeillation., In the lapt stage a final filtration and
ampliification of 5 ke Irequency current are made.

The ccenverter Input voltage can vary in the range

5 to 2.0 volts, the converter oubput voltage - not less
hen 5 volts (ﬁler comnested to a real load). The 4/5
converter plate includes 2 cut~in converter hlocks (prin-
cilple and re%ervp) made according to the accepbed
principle for this symbam of cut-in ¢ *structiaﬁs,
5.8 Control eurrent gensrators.

Two typcb of control current generatorsg GKCH are
uged 1In V-12-2 eguipment: generators with quartz
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stabiliz aiiun 2t Trequencies Cd 60, 109 and 111 ke and
10“&&5 generators at frequencies 64 and 104 ko; locking is

nade by a VOlbdp@, the freduency of which ig the corres-~
pa&jing h ¢ of tThe magter osclllator.

le cireult of generabtors with qusrtsz
g glven on Fig. 5.12 and the locking
Fig. 5.13.

3.
e 1
bab;LiaﬂGJUﬂ is
enerators on F

Fig. 5.12 Clrcult of 58, 60, 109 and 11 ke control

current generator. ‘ . -
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Cirveuit of 6l and 104 ke control current
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Quartz generators have only one tube OZHIP-E.
Coupling between e@»11a+img circults Cyo Trp and Cp ¢

T ig accemwiauhvd Jox uartz resinators RP. For tﬁe
1

cstabllization of nﬂra cor output power and the voltage

on the quartz, a br¢dge is connected in the feedback
cireult, 2 opposite branches of which have thermistors
G ’:3// & (L;n and Ls). v

Aﬁ& eh.nwe of output level because of tube aging,
voltage change of powey supplles, ebc. causes a change
in ah valuwe of current flowing through thermistors, mnd
consequently cauges a change in thelr registance., As a
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result of this the feedback voltage changes corresponding
1y {on the primary winding of Tri), which leads to the
maintainance of constant value for the output level.

The guartz resinstor is placed te the tharmostat
to inerease the fradguency stability. The temperature
regulation devide in the thermostat 1n this case 1b
simpler than that 1n the 4 ke oseillatbor, and besides
a relay which turng on the heating and the thermal
contactor,contaling only a signal lamp which notifles
the tuwming on of heatlng winding.

Capacitor ¢, serves for exact freguency adjustment

of the gensrator, the stabllity of which during one month

is held not lower than 2.1077. The gensrator output
level is regulated by reslstor Ryp up o 0.15 nepers.
For the centrol of generator cutput level wolume and for
sending the signalling with level deviation by + or -

0.05 pepers from the normal value, a rectifler made with

b

diode Dy in the cirveuit of whilch is connected the
signal magneto-slectric relay (not shown on the clreult)
18 connected to the oubtput velbage divider.

A clear and exact gignalling operabion for the
deviation of the levsl from the nominal value ls very
important, since 1ts cscillatlons cause unnecessary
pperation of ARU system on the entire main line. There-
fore the generator circults provide a sgtabillty of the
sutput level ncot smaller than + 0.02 nepers from all
the Influencing factors.

The blocking generators have 2 tubeg GZHIP-H.

The plate circult of the first tube Cs.g L i tuned

to the amplified freguency (64 or 104 ke). The feedback
voltege 1g applied from the plate of the second tube o
the grid of the first tube Through a stablilizing bridge
which is made similar to the previous clircult; in ILg and
R. bridge arms, capaciters ¢, and Co are additlionally
connected with the aid of which the gslt freguency tunlng
of the generator oscillabtions is made,

The locking veltage 1s applied through the third
winding of transformer Tr.. The output clrcult is made
the same as that in the glartz generators.

Frequency stabllity of these generstors is
determined by the stebility of the mapter ogclilator:
the output level stablllty, as In the previous case, is

not lowey than + 0.02 nepers.
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From the total number of & control current
generators, provided by V-12-2 ayatem, in each terminal
gtation, depending on its type (A or B) and the line
gpectrun slternate, only two generabors are installed,
whereupon each of them can supply two systemsz by control-
led currents. :

Chapter 6. Tandem office

6.1 - Genersal informzbion »

Tandem offlce PS of system V~12-2 gecomplishes
the followling functlonss amplifies current of upper and
lower freguency groups of the line spectrum; aubomatical-
ly regulates the levels in both transmisslon directlons;
separates the line frequency spectrum for gystems V-3 and
V-12-2; forme & chammel For the line between operators
in the volce~frequency spechrum.

_ Thus, the main purpose of tandem offlces conslsts
in increasing the copmumnicablon distance, becausge with
all thinge consldered the accomplishment of the sbove
listed functions serveg Just thig purncse.

‘ The tandem office roubte containg a number of units

which were slso used in the terminal office (see chapter

&y,

Units which amre characteristic only for the

tandem office are filters DK-2.8, FOK-2.8 with line

transformer Tr 600/600; bypess route equalizers VK-33;

route egualizers Vyr. AB and Vyr. BA; speak-buzz device -

PVU; eontrol channel recelvers PEK. '
£8 a rule, several tandem offices, and in many

- - cases a number can reach several tenths, are ingtalled

_ vetwsen two bterminal offices on the serial mains. .

. o} Therelfore the system operation stebility and commwiication

- quallty are determined to a large degree by the parameter

b atability of the tandem office.

* SH A large number of such offices on muliiplex lines

causes the accumulatlon of different distortions, nolses

and interferences. It is obvioum, that in each repeater

office only such dimengions of distorticns snd level

nolges cen be permitied, which would not dlsrupt normal

| communication with maximum trensmlsaion distances.

In section 6.2, some informatlon is given on the
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determination méthods of set nolses values for the tandem
office and on the sources of thelr formation. Fossessing
informetlon on the noise level ab the output of one
office, the protectlion value on the glven specific main
can be determined {with the consideration of terminal
office get naiaﬁa) and consequently the trangmission
quality can be Judged.

6.2 Set nolses and non-linear distortions of tandem
office |

- The construction difference of low frequency and
high frequency tandem offilce routes causes the
necesslty to eveluate 1n dlfferent ways the power of
get neolses which are introcduced by each separvate office
route into the common line routes of the pystem.

Let us examine the low freguency route first.

A gimplified block dlagram of equipment relating to
this transmisslon direction is given on Fig. 6.1.

Fig. 6.1 $implifi§%¢g;gguit-of the 1-f route.
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The regulating amplifier input in this cilreuit is
a point with the lowest level, which determinesg the
principle nolse value. An additionsl factor, which
increases the noise level, 18 the absence of grid
trangformer at the regulabing smplifisr inpub.

It is necegszry to turn abtentlon to two elrcult
 features: - '

1. Comnection of iniltial slops clrcult determines
the level difference for end channel current at the low
level point at the value of ecircult attenuasbion drop,
1.e. at 0.5 nepers. '

2. Independent of line attenuation, i.e. office
ampliflcation, the regulating capacitors KNR and KPR
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tion capacibor EPH, the capaclitance © can vary in the

porndingly 430 kilo-ohms and 150 ohms; Rghl - equivalent

hold constant {with ARU operation accuracy) the signal
voltage at amplifier lnpub.

 With 1 the consideration of the second feature,
the problem of determining nclge power in low frequency
route for all possible amplification values reduces to
level comparison of thermal and tube nolges of the
regulating aﬂylitiér with silgnal level at any known
route point. It can be done most simply for the
regulating amplifier output,

The equivalent clireuit of regulating amnlifie*
irput is given on Pig. 6.2. In this clircult: € - the
rotonr ngacitanﬂe of the flab regulation capaﬁitor with
regpect to ground (wi -k the consilderation of assembling
capsoitance); depending on the positlen of flat regula=-

range 20 to 70 wufj . and Rp « amplifier elrcult
elements; the values o% thege resistances are corres-

nolse resistance of the tube; for the applied tube
6éh¢?wﬂ, Rgni = 1800 ohms ..

Fig. 6@2 Equivalent cirveuit of the input of 1~ roubte
control amplifier and h-f roubte flat regulatlon amplifier;

R
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To determine the amplifier nolge emf, it 1s %
necessary to know the real component of the total
CRy circull impedance, which with some approximation
ig expresged as

fi&h = ;u GEAR
“ ny

The total equivalent noise resistance equals

Ryn = Rant B2t B,
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Emf', formed In reslstance Ry, is determlined by
the well known expression

_ e \ -
Ber, = 2 % SRkl AT
23A L . ‘;*,i‘{ sy Favr

and the noisge voltage at the regulating amplifler outpub
will be '

Ush = gg//R&th531? g™

ny e e . . R
Here k = Bolitzman congtant, equal to 1.38 x 10 QJ,
watt-second/degree; T - gbsolute temperature; B

frequency band wldth common ¢ 3nwamplifier egmplification

{voltage), nepers, in our caze S, = 2.0 nepers.

Enowlng the load resistance (R = 135 ohmﬂ) and
nolise voltage at amplifier ocutpub, thelr power level
can englly be determined and then, knowing the measuring
slgnal level &t this polint, the noise power gt O relablve
level polnt can be determined. S
_ Caleulstion resulis of nolse powers, produced by
low frequency route of the tandem office, at the ©
Felative level polnt are given in teble 6.1.

.

The increage of office ampliflecabion 1 accompanied
&

by s decreage of flat regulation capacltance {capacitance
Cj. whish involves the increase of set (thermal and tube}
noiges In the tandemw office, From the examination of
tavle 6.1 can be seen, that for the increase of line

freguency spectrum, the power of set noises of the tandenm

office high freduency roube decreases.

Regulating amplifier nolges ere adjusted to the
noeiges of the entlre low frequency route in the tandem
office. The line amplifier set noises do not affect
the total nolse balance.

Noisge power, produced by line amplifier at the
O relative level point, cen bhe determined from the
.ezpression

o D
0.562 ¢®\Fgnu “Fe) 109,

where 0.562 - paophometric power co-effilcient; Papu -
the amplifier set noise level, applied to its input
(for line amplifiers in the V-12-2 equipment is ~15.2

i
|
!
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nepers); P_- current level of 1 cndnnel at the amplifier
input (according to the level diagram 4.0 nepers).

MJquLuszﬂﬁ numerical values, we will find that
in awy chary the nolse powey from line amplifiler is :
0.5 j

‘Let us examine now the high frequency roube, a

simplified block dlagram of whieh is glven on Fig. 6.3.
The input of flat and slope regulation amp]:fiers UPh
and UNE are the low level points whlch determine the
nolge value. In orxder to determine the specilic welght
of each axwlifiurfﬁxx the total noligée value st a channel
autny t, me miz ke calceulations for following alterns-

o .
(SR 5 (I

by'UhR mmpiliier iﬁyh%j
amplifier Input with &

the above

0 pos:

astated:

the same, at 100ths pqqitlow of

1) noi

ses, determined
2} nolges, determined by UPR
ition of capaclior

KNE;

capacltor KiR.

3)

; i %y w &y b
3 : &
B A 53
A 8§ £y & g-v« b B o
b, p B o a'p o~ o
g o v 8 o &£ ge T BT E
g, B . 42 B A B B Bea B
0 el I e B B BCH B s
o820 ¢ e 8 H B E frot 0 o H
SRS B B 0o by DRl fe @ M
e 2 T B R I g P A
o [ et ‘ 8 : Q@
ﬁ:‘ ¥ ed P b & g [
Ziu 4 B e
ﬁ @ o] @ @ £ 8
g g2 | Be | Be | ER
] : Cop i )
36440i 20 | 2,42.0078 {178 0070 | 905} —~7.65 1 230} 130
3640l 70 10651078 1 5 11078 | ~1n.2 { -8, 18.3 0.5
g8l 20 | 1,09 1076 | 8071070 p 10,7 1 T8 136 6.5
g0-84f 70 | 0.345.007% 1 2540078 118 | ~9.0 | 152 1 B.5
¢ ! s
; {
Table 6.1 Values of noige power produced by 1-f rocute.
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Fig. 6.3 Simpijfied circult of h-~f route.
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Initial data for the first alternabe changes
somewhat. The equivalent circult of slope regulation

ampijfier input is given on Rig. 6.4, On this figure;
c total capaclitance between rotor and two adjacent
parallel connected stator plates, approximately equal
to 130 f3; resistors Rip and Ri] are the clrcuit
amplifier elements and equal correspondingly 430 kilow-
bhms and 150 ohms; Rgh1 has the previous values; R
load reslstence of glope regulation circuits, = 606 ohmu.

Fig. 6.4 FEguivalent cilrcuit of thﬁ alope regulation
amplifier input.

The real component of the total resisbance of
clreultb CRy, Ryp 18 determined by the expregaion

P R il gl R+ R RH‘L .
) w2 iR, - R"!}e

The total equivalent noilse resistance in thi
cage willl equal

Rm = "I‘)w "1" RH "{""'Rm r

Further determination of UNR noilse power at the
O reTgtjva level point will be complete analogous to the




] .

investigated case, in addition to this S = 1.5 nepers.
Calculation regulits of noise power & ﬂﬁﬁ lnput are
given on table 6.2,

It 1s sdvinable to examlne This table btogether
with c¢sleulation results of nolise power, determined by
UPR amplifler inpub. When meking such caleulsation, the
original principle pre-vequisites remaln the same as
in the previcus Holse calculatlons for low frequency .
route. The equivalent aswmplifier input circult (Fig. 6.2)
is also kﬁpt the same.  The difference is only In the
emplifiers UPR anpii*icafiun (Sy, = 2.4 nepers) .and also
in the vmlum of ite output impedance (600 ohmg), which
should be congidered whan éenewm;ming nolge level ab
ite output. Additlonally, it should be kept in mind,
that with capacitor KNR position "O" the RN-veh block
- {route sectlon between points & ~ b on ¥ig. 6.3) in the
frequency band 92 to 143 ke introduces attenuation of

1.0 nepers; with capacitors KHNR position Y100™ the block
hags for £ = 143 ke & = 1.1 nepers, for £ = 92 ke
8 = ~1.0 nepers (sbttenuation).
The block amplification for infermedlate frequen-
cles can be determined from a straight line somecting
2 end poinbts., GCGaleulastion results of nolse powers. gt
UPR inpubt are given in table 6.3.
‘ Comparing data of tablesg 6.2 and 6. 3, the follow-
ing concluglons can be mades
1. With small amplification of the tandem office
{capacitors of the flat and slope regulatlons are close
to © “ﬁﬁ&LiOnﬁ) the high frequency roubte nolges are very
insignificant and ave princlplly determined by the
slope regulabtion amplifier.

S 2. With office smplification close to limiting
(capacitors of the flat and slope regulatlion are close
to 100th position), the noises in lower channsls are

i determined by both gmplifiers to the same degreel in the
Lupper channels the nolses are completely determined by
the flat reguletion smplifier. More complete caleula~
tions show that the amplifier UPR influence begins in
channels, the line gp@wtrum of which oﬂcup@ies freqguency.
reglion abova 120 ke.

3. The slope ”egui@tion enplifier noises do not
depend on the capacitors KHR position.
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Total values of set nolses in high frequency route
(Wyg) #re given in table 6.4, They are obtalned by
adding the data of tables £.2 and 6.3. ,

The line amplifier noises ag in the low frequency
rovte, can be negzlected. ;

The tandenm office nolse power, determined by
non-Llinesr dlstortiong, when using the channels for
telephone transmissgions can be debtermined from the

) relatlons
’ : ey g AP P B e A § ‘
T | W =de ¢ “ Z{é‘ &210%, nem,
- 68 e 2w Zh, o
Wor=24e " ? woll Y3 5210°%, nem,
AF
~ 6Py + 2P — 20,
Wiz = 24e° w02l Y5an?10°, nem,
AF :
where’WB -~ power of the second order non~linearity
products; Wiy ~ power of first kind third order non-
linearlity producte; Wzp ~ power of second kind thlrd
. order non-linearity productsy P. -~ the total load
level at the O relative level pm?nﬁ, l.e. the difference
batween average power level of all channels and the
normel messuring level of one chamnel (P, = .7 nepers);
! P = the transmlission level through one channel at the
Lline amplifier output (+2.0 nepers); byop ~ the amplifier
- non~linearity atternustion at the second harmenic with
O level at the amplifier output (10.8 nepers); byon =
. the same, for third harmonle {14.8}; # Af - Lhe™
{* values bys, and b, o 8Ye taken Trom experimental data
as average of & numbe? of messurements. )
effectively transmitted channel frequency band(3.1 ke);
LN B o~ width of the frequency line spectrum (48 kel
¥ - the co~efflelients, characterizing the distribution
of noun-llnesyity products Through the operating fre-
gquency spectrum; k - pophometric power co-~efilcilent.
The value P. 18 determined from the experlimental

L grapheafbhe fotal dosd of syshem.group. roubes wihlb

R -
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Table 6.3, (Continustion).
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Channel | Roube tric power at zero
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f?aqﬁ@ncy band % amplification Leves p?%ntg pgw
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Tamlﬂ 6.4 Values of the h~f route set nolse
dilfferent charnel number; o=efflclents ¥- by graphs
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values of other parameters entering into the caleoulation

are debtermined by
fier for the entl
It is

the characteristic of the line ampli-

Vi

i Nae

gyaten.

natUﬁdl thet for high fréquan 2y route

Wy = O, gince all second order QOuwlimearghy pro&ucts
g0 beyond th e,line freﬁucrcy spechrun.

Galcuiatien regulteg nolise power from non-linear
tran ﬁkuﬂous at the O relative level point are tabulated
in Teble 6.5.

Becond kind third order non-linearity products
are not consgldered here becguse of thelr negligible

power (small value

of co=efflcient fﬁm)n

-
Having noise data of separate fandem office, the
noise power at the zero level point can be calculated,

which is determined by all
For thermal and
made

order this can be

)J,.

stations of the main line.
non~linear nolises of the second

rather gimply, In so far as

!

W,.. =nW__ - and o=y
tm “Tte ) }ﬂzna ﬂﬂﬁ



, Nonlinearity products
Frequency v .
band ' Wy W
pav B
36-l0 ‘ 15 9
8084 10 g
go-+96 - 5
139-¢-143 » - 5

Tahle 6.5 Power values of nolses from hon-linepr
b i v T .
transits.

where wﬁm -~ the thermal nolse power for all main line
: - for 2ll main line offices at the zero rela~
tive level polint, phw:

W%s - the same, for one tandem office, uuw;

¥.. = non-linear nolge power of gecond order for

“2M 411 tandem offices on the main line at the

zero relative level polnt, ppw;

wqﬁ -~ the game, for one tandem office, uuW*,

n - the number of tandem officesn.

- Determination of the resultant firs t kind third
order nolpeg W.. is conglderably more complicated. If it
is aggumed thaé the main line will have a stralght line
frequenecy phase characteristic, thcn with analogous desig-
nations > : a :

. 4 — A

¥aim = P W3,

" But the presence of 2n sets of directing filtera,
indefinite number of offlce and line call 1oa&ing sets,
matching autotransformers and cable ingerts on the main
line leads to the fact that each specific maln possesses

‘1. 2 natural, inherent to 1t, frequency phase characteristic,

‘which without fail deflects from the straight line, and
therefore the values of resulbtant first kind third order
non-linearity noised will be contained in the range .

Mg o X W3y & n W 318’
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The resultant power of office noiseg for all main
- line at the zéryo pelatlive level point is obtained by addw-
ing separale components.

CThere are Known definite recommendations MEEKTT on
the neoise disgtribulion in aseridl main lines muililplexed by
i2~channel systems. ‘ o

In the studied problem, it was suggested to make the
total noise power egqual to 20,000 puw &t the end of a hypo~
thetical 2,500 km long circult (with three three transducer
sections). From this value, 175,000 upw was suggested to
set aside for group tandem route noises, which in their
turn can be distributed in the following proporilont

Tandew offlce noises 2,500 uw;

Trangition noises from parallel clireuits 10,000 puw;

Idne nolses 5,000 puw. -

The suggested values are average nolse values oy
bugy hour in pericds when the line does not undergo the
Anfluence of the most unfavorable climate conditlions, i.e..
appreximately in 90% of the time (Red Book Volwme I1).

- Assuming for half of the offlices the amplification
to be maximum, and for the other half 3 = 3 -0.4 nepevs,
1t can be found using the above expre&ﬁionsmthat the
suggested noisge value of tandem offlce equipment equals
2,500 puw, if with the addition of first kind third order
non=linearity products nt+13 38 taken for the lower channel
of the lower frequency group and nt91 o por the upper
ciannel of the upper fredquency group (other channels of
cach group will be under more favorable conditions).*

('?F"r With the calculationg, an average length of 125 km {
for the repeater section was assumed; the reception ampll-
Tlers of terminal and transducer offices were counted as
line repeaters.) ~

o From the obtained results a conclusion can be made,
that the magnitude of noiges produced by the egulpment
should be rester in the lower group channels than In the
upper group channels. Fowever the measurement experience
cn the main lines, when the measurement regults are de-
termined by line nolsep, refutez this assumptlion, and
therefore it is advisablé to examine the problem on dif-
ferent norms for noige values from tranglent currents and
line noises for upper and lower freguency groups.  Accord-
ing %o all assumptions for lower frequency group they can
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circult ehannel in frequency band 300 -« 2,400 ¢ in the

}vice charmelg In both directlons from the offilce.

connectlon side have a compensating cilreult Lglyy Tuned to
2,770 ¢ Trequency.

the ald of whlech telegraph transmission through Pilkar cire

be decreased for the benelit of the corresponding noise in-
crease in the tandem eguipment.
6.3 DX-2.5 and BDE-2.8 Pilters.

Filters DE-2.8 and BDE-2.8 serve Lo form the order

tandem office. On rack PS there are two DE-2.8 filter
sets and two BDE-2.8 filter sets, which permit to form ser-

Bach set of DEK-2.8 filters (¥Fig. 6.5) consists of
low pags filter D-2.8 and high pass filter K-2.8. Both
Pilters are made by a balanced c¢ircult and from the parallsl

The filter geriles branch elements are selected in
pairs with very great accuracy in omder that the symmetry
attenuation would not be smaller than 6 nepers in the pass-
hard . ;

Order cireult channel, derived by DE-2.8 filters,
is equipped by two~wire low-frequency ampilifisrs on long
maln lines. The arrangement of these amplifiers on the
circult 1s asccomplished in such a msnner thet the places of
thelr location coincide with repested tandem offices PV-~12-
2. '
In thls case for gteble operation of two-wire du=-
plex amplifiers, balancing filters BOK-2.8 similar to
DE~2.8 filters are connecited into the balancing cireults of
duplex amplifiers. ‘ X

On rack PS there are Tr 600/600 transformers, with

cult can be organized when digtance feeding of office

VU3-12 1a connected. These treansformers ave connected st
D-2.8 filter Ilnput and are designed to pass not cnly the
egpeaking currents but also the magneto ringing currents.

6. Groupn route egualilzers.

These devices serve for the compengation of ampli-
tude frequency distortions, introduced by different group
route wnlta. In both group routes the greatest distortions
occur at the ends of the operation frequency band; they are
caused principslly by filters in the route. Analogous dis-
tortlon character of routes for lower and upper freguency
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ygvoups A-B and B-A determines a single form of the equ&liz&é

‘principle cireuit (Fig. 6.6a).

Fig., 6.5 Clreuit and characterlstles of DE-2.8 filters.
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The low-frequency roube equalizer differs from the
nigh-freguency route equalizer only by element values. ’

The atbenunation characteristic of low-frequency ,
roube equallzer is demaigtrated in Filg. 6.6b, and of high~
| frequency route equalizer on Fig. 6.6c.
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in The group route egualizers of the tep-
an shaped" characteristics can be obitained
cies of the operating range *Jth the aid
re"ﬁatﬁr Rg and Ry .
lection of attenuatars nepers,

j .
ra 0.1 s 0.2 nepers
into the equalizer block constitublon
for the establishment of the necessary route
cation when the e equipment is tuned. Besides this
ion of ﬂubvﬂﬂ&tﬁmu; in the low-frequency roubte equa-
bloek Fhé%@ are attenuators with attenuations C.5
nepe gnd In the high~frequency route equalizer
- at?(ﬂ“atvys mJth &tucnuatzonm 0.8 and 0.5 nepers.
Attenuaters with greatest attenuvation are usuaLJy
ted into both ﬂowte end only in some cases, when
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necessary to ineresse the "flat' route amplification,

hey are elther disconviected or replaced by attenuaters
smal

ler atfenuation. The mentioned switchings are
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made on the etualizer block cover by bows.

6.5 YE~33 equglizer.

With favorable weather conditions some tandem off-
ices can be dlgconnected from bthe main line by forming
by-pass circults (Fig. 2.2). In addition to this, the
routes of both transmlission directions are completely dls~
connected, but the line filters remain connected. They
Introduce additional amplitude frequency distortions, for
the compensation of which the VK-~33 equalizer ls connected
into the by-pass clreuit. Cireult ard ﬁhdfdﬁf9“¢ﬁﬁdc of
siich equalizer is illustrated in Flg. 6.7

6.7 Girecult and characteristic of VK-33 equalizer.

o

’ Gometaravirs -w-»--n;cwv st mwu««a—«@}
Ly gren

20 . {.-f'ﬁ“unl- oy

- sty

S

¥

cn T

bl

f

A
ORI SR V—

0.?; ; ‘.»’?"""” . ; : ;
0i% , — , : 1
iy - I
g5~ . f

i " ”
T TR e

JUUSES SRS S

P er
: ; -
l

A

In the operation frequency band from 36 ke and
higher the by-pass circult sttenuation is 0.28 nepers, the
equalizer correcte the by-pass route with an zccuracy of
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6.6  Spesk-buzz device,

- A two-wive speak-buzz deviee PYU enters inbo the
tandem office equipment, and gerves for condusting conver—
sation and call through the service channel, formed by
 filters DE-2.8. « | :

PVU cipcuit is 1llustrated in Fig. 6.8. The prin-
clple clreult elements are: hand set, consisiing of mlcro-
phone (M) and telephene (1), differentisl transformer Tr
and balasnecing resisters R3 and Ry * , with the &id of
(* Repiztor Ry is connected only when conducting common
conversation for betiter balaneing of anti-side tone device.
which the antl~-side tone device of hand set connection is
made , switchesn Kly end Kl,, ringing devices having copper
oxlde rectifier bridge KM, signal lamp Lp, losd resigtors
(Rl = 2 kohms and Rp = 600 ohms) and blocking capacitor
(€1 = 1 ur), which prevents the slunting of the ringing
current when connecting PVU in one direction.

Fig. 6.8 Gircult of gpeak-buszz device {FVU).
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 tlong, can be easlly determined by the sbove-mentioned

The speak-buzz device permits to aecomplish the

1} conducting # separate convergation and call in
both dirsctions from the tandem office}

2) conducting & ¢ OWMOTL (hjmglwunevu 3} conversatlon
With neighboring office p@rsonnei

3) accomplishment of conVGVﬂatlon passage conbrol

through the servige channel.

Transition to call or control is made by switching
of’ X1, swltch, the sending of the call 1g accompllsghed by
presging the key KBd How to accomplish gll thase opera-

clrcult. PVU is comnacted to the line by bansnz Jacks on
the PVU bloeck and on the switehdng bosard.
Structuraily the PVU bloek is made as a cub in block
and 1s plac 4 on one panel with the switching board.
The switching board is £illed with shielded and
unshlelded Jacks, the purpose of which ig cleszred up when
examining the block diagram of P3 rack (Fig. 2.2).

Chapter 7. Auvtomatlc level regulstion (ARU) devices.

7ol General information.

Jimits for f£lat and especially for the slope reguletion.

;3 i

-1t is prectically lmpcessible to use maximum amplification

tlenuation In asrigl communication lin$s depends
on whether air temperature, precipitation, i.e., on the
1@31; set of factors called the mﬁ,eormio riecdl conditlons.
Qonﬂﬁquontly; te obtain high quallty table communication,
it 1s necessary to install devices in@c the eguloment
whiech ﬂaula ﬂomgensafe the eircuit attenuaﬁian variastion
by regulating the smpiificetion. Without such re egulation. |
which ls accomplished automatically, ARU, it is impossible |
to provide high qualilty continuous communication operation
during the entire year in our countmy with consldersble
line extensions.
There are some differences from other systems in
the ARV device of V-12-2 gystem. First of all they consist
in & somewhat different approach to the determination of

¢

Operatlion experience of V-12 eguipment showed that

of 9 neperg in the tandem coffices at frequency 143 ke,
since the line nolses at such attenuation {9 nepers) of the




repeater section sharply incrvease. On the other hsnd, In
a number of cages, lack of mmplification was noted at fre-
gquency 92 ke, which was determined by the extremely large
(above 4 depers) limiting slope of the upper frequency
group amplificatlon chargcteristic.

In V-12-2 equipment the maximum amolificatlon value
of tandem offices et 143 ke frequency equals 8.0 nepers.
It compensates the attenuation of line Bection with traverse
profile and 4 mm wide diameter, 125 km long with weather
conditions "frost 10 mm". *  The frequency characteristic
(* To maintain commumlcation at glazed frost or more in-
tense frogt, offices VUS-12 can be cornmected between offi-
ges PV-12-2.) -

of line attenuation at thege conditione is given iIn Flg.
7.1 (curve a). Curve b illustrates the attenuation charac-
teristic of the same sgectlon line with meteorcloglcal con-
ditions corresponding to minimum circuit attenustion.

Fig. 7.1 Ioss characteristic of 4 mm civcult, 125 km long.

b, nep.
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% g) frost 10 mm
b) winter = dry
(& = 20 cm)

- Thege two characteristlics determine the limiting
values of Tandem office regulation abllity. In the low
frequency transmission direction, the tandem office
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fic margin.

amplification characteristic slope should vary from 0.5
to 3.0% nepers and in the high frequency direction - from
0.4 o 2.3 nepers. With the equipment development this
regulation ronge was somewhat extended to provide a speci-

The necessary minlmum smplification characlteristic
slope of the tandem office ig reproduced by constantly
connected indtisl slope elrcults, which are found in each

transmission direction. For low frequency route this

glope 18 0.5 nepers, and for high frequency route ~ 0.3

L rieners .

The flat empllification vardation {regulated by con-
Lrol. Chf ents with freguencies 80 and 92 ku)'shoujd reach
up to 3.6 nepers in the low frequency roubte and up to 4.2

nepers in the high frequency route. In the equipment this
regulation for both tranemission directlons is u060mp14hhaﬁ
for not less than 5.0 nepers.

To regul aLe the sglope in low freguency roubte (emnm
trol euprrent frequency 40 ke) an  additional atbenuation
ig introdused at lower frefusncies of the transmitted
range and in the high freguency roube (ccntrol current
frequency 143 ke) the zmplification iz increased at upper
frequencies.

Ani elecltromechanicel type two frequency ARU system
is used in the V-12-2 equipment. ,

The amplificatlon regulation principle in this
gystem ig the following. The control currents from the
output of line amplifiers are selected by narrow band
filters and get into the control channel recelivers, affer
amplification and rectification tﬂegr currents (with de-
viation of their velue from the normal)} through tandem
relays cause the action of motors turning the cdapacitance
potentiometers. The latber switch over the regulsting
¢ircults of artifiecizl lines, ss a conseguence of which
their attenuvatlon changes, and congeguently also the route
amplification of tandem offices or group reception route
of the terminal office. After the changed line attenua~
blon is compensated by changed offlce dmplification, the
motors atop. ‘

Principle units entering into ARU equipment &re ex-
amined below.




b

—~—

4

b

fan& a rectbillicer.  The performing device in the form of

 varistion. The second windling of output transformer Tr3

7.2 Control channel recelver. .

The principle recelver circult of control channel
ig given in Fig. 7.2. The control channel recelver con-
t g a narrow band gquartz £llfer, a two-stage ampllifler

2

sensitive megnetoslectric reley RME-2 is placed on the
control ARU panel.
A1l control channel receivers have similar cireults
differing only by some element valuesn.
The amplifier inpu’ ig separated from filter by &

balancing transformer ’ri The contrel channel filter
charvacterisgtic 1s glveﬁ in Fig. T7.3.

Pg. 7.2 Circuit of the conbrol channel recelver.

Koty
PH3 7
5 E}
to
winding

The recelver QQPﬁdtlo frequency range is deter
mined by The quartz filter pagshand and bj the bunlbg of
circuit TroCyCs. The amplifier feedback depth (windin

IXL of trensformer Trz, resistors Rg and Qq) is not
smaller than 3 nepers. The recelver sensitivity regulation
in the range »O 7 nepers 1is dccomplished by resigtor Ry

1

-
—
oot e

ig connected to a rectifying device, consgisting of
crmanium dlode D and ecapacitor Cg.

The rectified control freguency current enters, as
1t was alresady stated, the magnetoelectric relay. At

o
ﬂf




it}

i

nominal control frequency level the current in the relay
-winding eguals 1.05 ma. The relay armature in thls case
1s in the neutral poslition. The control freguency level

s e e e e o

current in the magnetoelectric relay windlng by E .05
ma, which i sufficient for such relay frame turn, which
provides a clesing of contacts, and consequently the
operation beginhing of the entire regulating system.

Fig. 7.3 Control channel filter characteristilce.

b, nep.
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The control channel recelvers of the tandeém offlce
are connected to the pf;nﬂjp“w transmission route by a
gpeclal winding of the line awmplifler output transformers

Such & connectlion method 18 taken because in the
P PY-12-2 eguipment the amplifier output is loaded on the
directing filters, made by unmbalanced ecircullt, therefore
the control channel f£ilters which are made by a balanced
clreult cannct be connected in parallel.

7.3 ARU control panel.

The cloging of magnetceleciric relay contacts
brings into action the entire group of devices and el
{ ments. Out of them on the ARU control panel (Fig. 7. A)
(¥ On Flg. 7.4 only the control of flat regulaticn is
ghown. The flat regulation control lsg constructed

variation by ¥ 0.05 nepers causes a variabion of rectified

139
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tcation regulation mechenism in the case if: the control

{extreme positions}

exactly in the ssme way, and therefore is omitfed from the
eircult.)
are placedimegnetoslectric relay RPR; relay sets ENU and
RVY, which conbrol ths swifehing on and switching off of
the flat and slope regulation motors; signal relays BAS,
RSN and RSV with lamps, and glso level variation indicators
Tn this élveult magnetoelectric relays RME-2 (RPR) are
used, which possess stable operation threshold, high sensi-
tivity and maintenance of regulation for & long time.
‘ The control cireult performs the following functions
;} accomplishes the control of amplification regula-

ticn (switehing on ond off of the motors) with eontrolled
current level oscillations in the range from 40.05 nepers
and higher and from ~0.05 nepers o -0.5 nepers;

| 2} sccompiishes aubomatic switching on of amplifi-

current level decreased by move than ~0.5 nepers: the
rotors of capacltance potentiomebers (ewitches) reached

3} permits complete manusl disconnection for all
level regulation devicesy

L} turns on the lecal, the overall rack and overall
station emergency signaling wlth level varlations by
value equal to or greater than 40.3 or -0.5 neperg; this
slgnaling acte with the retardaltion by 15 to 20 seconds,
which ig produced by special thyrabron circult; '

5) permits bo determlne approximate megnitude of
the relatlve level variabion of control current by indlca~ |
ting devices which have different colored sectlons on the §
cale : ’

0
L T3

6) permits to turm off the emergency signaling with
prolonged damsge of line or equipment with full restoration
of the initlal signsling clroult after the emergency 1s
eliminated.

Operation dynamics of control deviece ARU and the )
current passage circeult, because of its slmplicity,are not
examined here. ' :

7.4 Bdiveting artificisl lilnes.
t idne gttenuation is compensated by adjusting artli-
ificial lines RIL, which consist of equalizers, capacltors

of fiat and slope regulations and amplifiers. All this

1
;

— - LMD e
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egulpment set is stﬂuatuvaily and electrically divided intoe

two parts, of whi bh one pwovL&Ps flat regulation and the
other changes the amplification charscheristic pluyv RIL

have 410l 1hoconstruction for lower and upper Ueney

C“ I‘L*i/ﬂr}f.ﬁ:ﬁ 1

The adjusting artificilsl lines are made in fowr
ormg, which can be denoted: EIL nch pl; RIL neh nakly

EEL Vch gl BRIL veh nakl.

A1l RIY: are placed gt the begihﬂLﬂF of tandem office
group routes gnd terminzl office reception routes. The
ad justing is accomplished aubomatilcally by connecting capa-
citor blocks* , however manual adjusting is aleso permitted.l
{(# In multiplexing systems of early productions, units
analogous in functlon were called motor-capacitor blocks.)

We will examine a more complicated clreult - the

1l 1in

,db
ad justing artifleial lines eipcult for the upper freduency

growp (Fig. Vw)ﬁ

Since durlng unfaversble meteorological conditions
bhe doput aigmal In the upper freguency group hag very
prmall devel, then to railse the internsal nolse protection of
the station, flrst of all the level of this signal Has to
. be Increased. Follewing from these conslderatlions, the

flat regulation device, which with small silgnals does not
Introduce any conslderable abtenuation, is placed before
the slope regulation device and the flat rogulaﬁion gmpli-
fler asccomplishes the necessary level increase.

The equipment circuli begins with the attenuator
Udy which has an attenuatlon of 0.3 nepers and 1s intended

3

to maintain & consbant value of the inpub ilmpedance with
different pﬂaCH pogitions of flst regulation capacibor /
EFR. After trensformer Try, which determines together with
shunt “@ the dnput impedance of RIL, a two~stage capasi-
tance divider is placed, consisting of two gerles connected
o stater differential varlable capacitors. The presence
of two capacitors with mechanically coupled rotors permits
to exteni the regulstlon range., The difference between
attenuation values, 1nqu6ured by these capacitors with ex-
treme rotor posltions, 1s 5 nepers; this essentially de-
termines the flat reguletion range. Maximum capacitance

lof each capacitor equals 60 T 10 af, and the minlmum

7 B
! B ; ; - . s . A -
The flat regulation amplifier containe two tubes

-—11?
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Fig, 7.5 Circuit of the h-f route regulating devlces.
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(14 and In) of type DZh?Fwﬁ. Its feature 1s the high
inﬁut impedance, debermined by the leakage resigtance of
the first two,which is necespary to make for efficlent
reguistor ope'ration. Both smplifier stages ere engompaseed
by the negative current and voltage feedback (G~1ﬁa>
Output transformer Tro provides the matchin& of explifier
with logd eqgual to 600 ohms.

‘ The amplifler suplification value should net be
large, since overdload of the following elements and the
amplifier lteell cannct be permibited with favorable weather,
Therefore it aymmxmmwe"‘y egusls 1.7 nepers with feedback
the d&ﬁLﬁAQf whieh ig 2.8 nepers.

The alope regulation eircult KNR follows after Rln
veh pl. Ite basis is the Le-ghaped equallzer vonslsting
of a numbsr of clreults from the elements of which only
five branches are made (Flg. 7.6), which lead to the staber
sections of capselitor XKMR. Two terminal networks, provid-
ing the straight line shape of rechifier Intermediate
attenuation characterisbics (Fig. 7.7), &re connected to
the three center taps. The cspacitor ENR rotor; turned by
s motor, ls cormmected to glope regulatlon amalifier, the
ramnjifibatien of whilch egusls 3.4 nep&rﬁ. '

Big. 7. 6 Simplified acnnection cuwrcult of h-f roubte slope
regulation equaliring ci?ﬁuitﬁ..

!&ﬁmm

To ta€ Jnﬁuf of
slope regulation
amulifier '

ity Egualizer

When the-roﬁor passes the intefmediate séctiéns
from the first sectlon tc the fifth, the RIL amplification

ey
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i
characteristic alope changes, reachirg a maximum when the
difference bebween asmplillication values at the end fre-
guencles of tbc band (&ﬁh%~sn”) equals 2.1 nepers |

The efffect of slope wegul atlon elrecult does not
change the wﬂ;’ifi?ﬁfiﬁﬂ for eurrents with fregueney 92 keo.
The rate of amplifleation change with turning of the motor -
i 0.035 nepers per minute at 143 ke freduency and the
pasgage of roter from one extreme pomition to the obhev

Lakes aboub 60 winutes

the slope repuletion

Sectlon 1

s Sectlon 2

s, Section 3

3
| Section 4
o, Section 5
5 B o, o

]
T T

The slope wintlon s
Freguency trans 10T Laufm : B flat x
awpplification siveuit., The diifav ence 18 only im the
feedback clreult in which theve are three correcting elp-
cults (two-ter networks hfuv Lqﬁgz, meq%)g which
permit Lo correct whe conmtant uiadorﬁiana of the line
route at ths exbreme

T%E ohm load.

ard at the middle frequencies (Fig.
7.8}, Transformer Trs matches
With

the amplifier output with

tUiﬂu actlon all RIL devices introduce

amplification Into the high frequency

treangmission roube

of the tandem office, the limiting values of which for
“dﬁﬁfeyeat frequencles are ghown in Fig. 7.9. The number
lor the curves indicate the position of the flat {p) and
the slmp@ {n} regulatlons in the variable czpacltory scxle

i

i
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graduations. _
- RIL for lower fraquency group (Fig. 7.10) is made
gimpler than the above examined RIL veh.

- Tre slope regulator consists of three serles Con~
nected L-ghaved equalizers with taps and seven section
variable alr capacitor  Since the level at RIL nch nakl
input at any weather i1s not very low, then only one ampli~
fier can be used and KNR ghould be placed first snd then
KPR, which reqguires high registance lozd.

Fig. 7.2 Freguency chargcteristics of h-f route amplifi-
cation. '

i
S, nep.

Z@ ) ﬁ:}ﬂ” ‘ ‘W"H . 5’53 [ R———

r, ke
[65 mo 120 130 164 150

‘ The regulired attenustion characteristic slope with
| turning of the capacitor KNR rotor is obbained by summing
the attenuations of separate equalizer sections. FEach of
the three such sectlons gives a slope to & characteristic,
determined by the difference of attenuation values (with

| frequencies 84 end 36 ke), which equals 1.1 nepers. Thus
the maximum glope will be 3.3 nepers.

>
[N

seven stater sections of the capacitance switech of
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1 are alteﬁrﬁtely connected with the turning of the rotor

| ] fiua‘t.}u(#;l @

the flat regulation sre located In two capacltors, the
rotors of which are on one axlg, are connscted and disw~
placed by the rotor plate width. Taps from the egualizer

thpcugh the capaclitance gections to the oubput termingls
of RIL nch nakl. The rate of slope vegulation at 36 ke
frequency ig on the average 0.073 nepers/minutes.

~ The flat regulatioh capacitor KPR 1s made similar
te capacitor KPR in the high frequency route. Its attenua-
tion between exbtreme rotor positions changes in the range
off 5 nepers. '
- Hlock RIL nch pl amplifier (& = 2.9 nepers) has s
clreult analogous to the above examined ampllifiers of
block RIL peh pl. Elements IyCyg, Inyalpg and LiyC21 ave
contalined in the feedback circutt inténded for the cor-
rectlon of gerdal line atfﬂnumtion characterigtlce at the |
ends and at the middie of lower freguency group. i

The effect of glope and flat regulation ls demon-

strated in ¥ig. T.11l, where the frequency amplification
characteristics of the tandem offlice low frequency route
are glven with different re ulmtor positliong.

Flg. T.11 Freguency characteristics of e~f route ampli- |

S, nep.
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Structurally the RIS panel iz divided into two cub
in blocks (slope and flat regulation), which are ¢connected
te the interpsnel calle by 16 contaect blocks (for heating
and slgnaling elrcult) and by shieldéd Jecks and bows
(for high frequenty cireulit. The blocks include equal-
izers (in hermetidally mealed casme), regulated smplifiers
and capacltor blocks, which ¢sn be easily removed from the
common panel. The panel width 1s 180 mm.

The capacitor blocks installed on the RIL plate,
are menufactured in two different structure forms - for
flat and slope regulations (Fig. 7.12).

Flg. T7.12 Capacitor units of flat and sloping m@gmiatian§»

A motor with a reducer {type -2, 50 ¢, 2 revolu-
tions/minute) are placed in theé back pert of the block.
Magrnetic system of the motor consists of two winding palirs,
dlsplaced in space by 90°. Transformer plates of Le-shaped
form are used a8 the core. The block motor 1s Pastensd }
wWith the capacitors by four columns. The rotation from thel
reducer. 1s transmitted through two hevel gesrs and & warm
gear to the principle rotation axls of the variable ¢apa~
citors., The dismeter ratio of gear drives provides slowing

ST A0 T
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down of the rvotation speed for the princlple capacitor
axls 120 times for RIL nch and 240 times for RIL veh with
regpect to the rotatlion speed of the reducer axls. o

To provide free wheeling, the capacltor rotation
exis is set In hall bearings. The further rotatlon trans
migsion for capacltor blocks of flat srd &10p&_regul&timn
is not the same. _

The rotors of two sectioned capagltorsg are dlrectly
connected to the axis and have the same speed in the slope
regulation capscitor blocks (Fig, 7.12,from the right).

In the slope regulau¢mn blocks (Fig. 7.12, from the left)
there i one more gear drive with 1 & times slower rotatlon
batween this dkiﬂ and two Z-staber varisble capasitors. A
disc with graduation from zero up to 100 l1s fixzed to the
capacitor rotation axis in front of the block. The highest
value of capacltor abttenustion corresponds to the zero
seale position.

The frietion gear in the block provides the yosﬁﬁw
bility of turning the capagitors by hand with the ald of
g handle fixed to the end of the axis. In front of the
block under the disc, the spring contact groups are in-
stalled, which switch over at extreme g&ale positions, which
leads to the tuming on of signal¢&at¢d* and. turning of i
of the mator

7.5 5O ¢ Generabor.

The 50 ¢ generator (¢-5G) (Fig. 7.13) feeds the
myrchyarwub motors, which turn the regulabing capacitor
roters

Wh& generatoxr has two tubes. “ho mester stage with)
clreult ¢1¥ry in the screen grild 1s made by OZHIP~E tube
and the amplifiler stage by GP3C-E tube.

The power given off by the output tube into the
load (1.6 w) 1g sufficlent for turning four motors at the
same time, l.e., all regulabtord of the tandem offlce.
Dizappéarance or conglderable level decresge of the 50 ¢
frequency currant at the amplifier stage output iz f@@Oﬁ@eﬁ
by slgnaling seting from a speclal relay P, which 1s con-
nected into the simplest reetifler D cireulb.

- Since there are no high regulrements for the'genera~
tor frequency stabllity, level stability and for none-
linesr distortion coefficlent, then its circult does not
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have any features worthy of attentlon, and therefore are
not examlned here 1n detall.

Fig. 7.13 @lreult of (-50 generabtor.

To signel panel
The motors can be alsoe connected to the alternating
- current grid with voltage 220 volis and freguency 50 ¢
{(the generator unit G-50 has a stepdown transformer Trg
and a jack lock GK for corresponding switehing).

Chapter & Apparatus for separating channelg..

8.1 General information.

A Ag 1t was already menbioned in Chepters 2 and 3,
the equipment for deriving four chapnels from the line
spectrum of the 1Z2-channel system (Fig. 1.4) is installed
in the tandem office, whereupon the routes of derived and
through channels are connectbed in front of the line am~
plifiers, ie., after equalizing the frequency character-
istles in KIL veh and RIL nch. %o accomplish the channel
derivation by the assumed circult turned out to be possible
only as a result of the development of low pass and high
pasg filters (D-68 and X-108).

The attenuation characteristlic non-uniformity in
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the passband (up to 0.25 nepers) for these filters is in-
cpesged. Therefore i1t is undeglreable to install the de-
rived channel equipment in several btandem offices in the
range of one transducer sectlion. If such an equipment 1y
connected in more than three tandewn points, then to correcty,
the distortions ab the terminal offices, Introduced into
the 8 through c¢hannel route, is alresdy difficult. The
data of these channels will not correspond © the acceplted
NOTME .

In Ghapter 2 in Fig. 2.3 the measurement level val-
ues are given at different route polints formed by derived
charnel equipment. At these levels =2 normal overall atten-
uation is provided in the derived channels, whlch by other
data are not different fvom other channels of V-12~2 sys-
tem. ' o :
Units installed on the derived chanvel rack SVE can
be divided into three groups:

Firet group - individusl equipwent unlts derdved
rpom the SIO rack of the terminal office (see Chapter 2).
To them relate differentizl systems with limiters (D30),
individpel convertors (M and DM),channel filters (PF), low
freguency amplifiers and volce frege ney calling-dialing
receivers (UNCH-PTHV), melay sets for mégneto and voice
freqguency ringing (RIV and RTV), Jacks of two-wire and
four-wire switching, voilce freqguency ringlng generator
(GTV), neper meter, speak-buzz deviece (FVU).
Second group - generator egulpment units, derived

from SGO rack {see Chapter 5). To them relate: The masber
I ke oseillator {G-4), the & ke amplifier with harmonic

opcillator (Us-li), the separate carriler freguency filters
(FI and CH) for the first, second, third and fourth chan-
nels.

Trird grovp - units uged only in SVK rack. To them
refer the route amplifiers of derived channel eguipment
(Us AB, Us BA, Us AV, Us Vb, Us BY and Us VA), low pass
guartz filter {(D~68), high pass quartz filter (K-108},
group convertors for four channelg, low pesg filters (D-
108}, bandpasg Tilter (ZF), contrel current by-pass Tilters
( FRGH~B80 and PECH~02), the group carrier frequency ampli-
fier (176 ke), the group carrier frequency filter (EOR~176)4

Balow the construction of units 1s examined refer-
ring the the third group, which do net have similar unlts

PO
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in .other forms of V~12-2 system equlpment.
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Circuit of AB (BA) amplifier.
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- Amplifier Us VB (Fig. 8.2) has a gomewhat different
circult from other amplifiers. It had only one gtage with
amplificstion 1.8 nepers. The nominal yalue of input and
output lmpedance eguals 135 ohme. ° . ’

8.3 Group routes fllters.

Tow pess and high pass quartz filters (D68 and
K-108) are connected into the routes of eight through
ehannels, pessing the currents of frequency band in which
they are placed and suppressing currents of the four de~
rived chennels. Only the applicatlon of quartz resonators
in these filters permitted to obtain such # steep atlenva-
tion characterintic, that the derivation is zccomplished
without chamnel logs. Filter D-68 cireult is shown In
Fig. 8.3 end that of filter K-108 on Fig. 8.4.

: It 18 seen from thege circults that each filter
consigts of two bridge pilreul sections and some addltional
elements. Together with inductore and copacitors, eight
quartsz resonabors are included inthe sections. Reslstors
R1 to Rg sewrve for the balsncing o the filter section
branches, their value is selected when the fllter is tuned .

Attenuators Udy and Uds, connected at the Input and
oubput of the filter, arve necessgry for better mabcehing
with loed. In filter D-68, there is one more additlonal
meetion from the lnput side, which raises 1ty atbenuation
in the atbenuation bend. The filiers without transformers
have input and output impedances in the order 4 kobmsg
trenaformers Try and Tr, lower thig value to 135 -ohms.

Filter attenustion in the passband is not highey -
then 1.9 nepers-and in the sbtenustlon 1t reaches 9 népers,
This provides a sufficlent protgction from tranglent cur-
{ rents between channels. :

: Notural quertz resongborg, inductors with ferrocart
 megnetic cirsuit, capacitors SGM, KPK and KIK are used &g
i filter elements. S : ' ,

Pilter D-108 is comnested in the route VA and VB,
i.e., there where there is group conversion. This filber
ip connected twice in the BV route (before and after con-
vertor). In the first case it protects voube BA from
currents with carrier frequency 176 ke, and in the second
‘¢case (same as in roube VA) serves for the derivatlon of
lower side band and for the suppression of unusged
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Fig. 8.3 Circult and characteristics of D-68 filter.

e g

Ji4G 44y 48 87 56 60 &4 8B T 7’5&?30,»

£, im

~e 157




i
Fig., 8.1 Circult ard eharscteristic of K-108 filter.
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conversglon products. ,

The filter clrewll dand charscterisilc are 1llustra-
ted in Fig. 8.5. It has three sgectlong, whereupon sectiond
are connected &bt the input and output, which provide bettey
metehing with 135 ohm load. :

Fig. 8.5 Circuit and charvecteristic of D-108 filter.
J
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¥Filter attenvatlion in the paseband is not over 0.5
nepers and 1n the attenuation band is not lowsr than 4,5
nepers. Inductors with ecarbonyl lron cores and mice capa-
¢ltors 385G are used zy the fllier elements. :

The unlts examined above do net exhaust all the
original unlts applied In the rack SVK. However, those
which were not described in this section have a greab
slmdllarlty with units already described in other chapters.
or example, the group carrier 176 ke frequency amplifier
' ig slmilar to group earrier 340 ko frequsncy amplifier
(Chapter 5). This can be also sald in relatlon to filter
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FOGN for the same Trequency; the control current by=pass
fliters Fvﬂﬁmﬁf and FECH 92 are compoged of two control

channel filters of the tdﬁﬁim office; the band elimination

g i 7w Y i ’ [ . - »
filters ZF (Ezha 8.6} do not differ much from band eliml-

nation filters of the terminal office, eto.
Fig, 8.6 prwajt and characteristle of ZFP filter for BA
rautem
Y s
Trnput IS Output
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Chapter &, Some festures of @u@xgmen operation.,

New circult and structural : olutions, used in the
egign of V-12-~2 egulpment ﬁnVQmV@ some Mp0ﬂ¢ai features
its operation. PFirst of all it is necessary to point
the new-appearing pogsibllities of eq gigwe& unlts

© o
g_‘;i—-?;
<t

regervation. The cub-~in consbruciion of most bl GF? per~
mits o have standard emergency blocks and when necessary

e r@wlwﬂe quickly the dameged block by the reﬂmrvwdw
; zbilmv of similer type blocks permitbs to re-
em rom one position to the other, by this
bilit

B D

e operation flexibility of the eguipment s be-
sides that G, defect in different devices can be found
qulckly. :

When damage is found or when the units are carefully
checked, any bloek can be taken off the rack and again

i

,3
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connected to 1t by a hose with blOCku* Thug, teating can

. be made in operating conditions with complete accessibility

to the assenbly and to the block elements

Complete get of V-12-2 egulipment ir
geparate measuring dﬂv*grﬂ The cne nosgt
ls the nepermeter, installed on the SI0 ra
extensive poasibllitlied for measurements a
ites generator and level indicator have lmproved character-
isties and the latber, besides tInt, an increased sensiw
tivity. The nepermeter 1s placed closed to the switching
bogrd which has Jjacks that duplleate generstor output and
level indicator inpubt. Two-wire and four-wire channsl
output, terminating by separating Jacks on the gwitching
bosrd, are mounted in such a way that loading and parallel
connection of devices can be made at differvent points of
the low freqguency route part. Almost every block in the
epuipment (or small group of blocks) can be tested gepara-
tely, because, a3 a rule, 1t is included between the
separating Jacks, which permit parallel connectlon.

The universal sneak~buzz device PVU on racks SI0
and SVE, as 1t was already stated in Chapter 4, can
perform many functlons, including conversations and calls
through channels,connecting and gervice lines, and also

e
e U
@qu nbly usged
ch glves

Q‘l
N0 H;.
&,

( N
'4‘

?—r‘

i
g t- +1ng, sinee

the checking of volee fregquency viﬁgiﬁg and pulsge dialing
of mendlng and recelving” dev;c@ '

Ag 1t la known these devices whlch connect elec- |
tromechanical elemenbts (rCldJy) regulre more Freguen
checking than others and the presence of a handy device
for thelr control should make easler the keeping of the
eguipment in good wa*hﬁng condition.

The presence of amplifier in the PVU telephone

cireult permits Po listen in on the noise and interferencel
character in the channels, which sometlimes simplfies the
finding of interference source. PVU can be comnected to
the channels through the Jacks by cords, in addition %o
-this a separate and commorn conversation 1s posgible in
both directions from the place of PVU connectlon. The
cornectlon with loeal telephone system ls accomplished
through service 1¢nes Independent of the clty office Lynp
MB, TSB or ATS. '

The ingtallation of the ftesting amplifier on the

810 rack should be referred to the number of additionsl
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eontain sdditionsl devices, whiech were not in the equlp—

- the terminal and tandem offlces, put alsgo a retlonal
- arrangement of the equipment on the racks would make the
1 installation and assembly of equipment in LAZ much easier.

faeillities pr@viﬂ@d in the terminal office. Connecting
the trarsnisslon route output with the reception roube

toput through the tesbing ampllfier, the individual egulip~
ment relsting to any chennel cen be checked {Chapter k,

sachion 10}.

The tendem office can glso be provided by pessuring
device UU-LBODE, which 1s g level indicator and the feeding
to which is brought through speclal Jacks (cen also be
comnected in the dlstance supply stations, e.g., VUS~12) .

The opsration freguency renge of thls device Is
Prom 0.3 to 1)9 Yo. It messures the level at the office

oubput and other pla&ag of the low ffuaaﬁnoy'ana q&sh
raaaannv poutes in PV-12-2 rack. ‘

A devies for besting electron buben PTFL iz glso &
messuring device, sdded to the equimm&a&s which mesgures
the cathode activity and cathode eurrents of the fubes
To sccomplish quah,mﬁagmbnm&niﬁ there are jacks and shunts
in the . naﬁh@ﬂe ‘eircult of emch tube, and In the heating
glreult - Jacks and recostats. Thase and the other ele~
ments ave placed on the front panel of the blocke.

Terminal and tandem offices of the V-12-2 sysiem

ment seb V-12 Firat, these are the panels with elements
providing dlsﬁmnce supply feeding to VUS, and second, .
two filter sets DK-5.8 and BDK-2.8 (only on PS rack). The
latter permit to organize a llnk between. operators ab low
frequency betweeﬁ offices for which on rack PS there ls
also a two-wlre FVU, we orgenization of such length
undoubbedly wiil ralge the quality of maln line sesrvice.
Arrangement of the equipment unlts on the racks 1o
made with the consideration of providing mirdmuw Inber-
rack wiring. Not only the decrease of rack number 1n

On the lead in terminal blocks placed at the top
of the racks, all input and output circults are looped 1In
which do not require shilelding, and large nmumber of shiel-
ded cirvcults are slso looped in.
‘ Main fuses for dlfferent kinds of feeding are in-
troduc 6 into the rack feeding clreults. ™This makes 1t
p 1zible to easlly and guickly disconnect any voltage from
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fluctuates in the range 2.51079 L1070, The highest

the rack. When some volbage disappears, the glgnalling ls
on. The signalling circuit 1s made in correspondence with
new réqulrements, as a consegquence of whilch 1t wag possible
4o apply 2 single ordinary "transparency” for the entire
multiplexing system. -

Experimental operation of equipment samples on one
of the main lines for one year and some data, obtained by
observing system V-12-2 cperatlon in different locations
of the country permit to give ite characteristlc from the
point of view of parameter time sgtabllity, and also to
evazluate measurement methods used during the tuning.

The resulbts stated below were obtained after initial
syebem tuning and after eliminating some defects in the
line and in the eguipment (the latter sometimes appeared
with transportation, rack insballation, ete.).

' The frequency stability of 4 ke master oscillator

transmitted frequency 143 ko varies by 0.3 to 0.5 ¢, which
is not higher than the assighed norm. In conditions of
long eguipent operation a necessity of fine tuning of
the ogcillator can arisge, since becsuse of the natural |
aging of quartz resonator the ogcillator frequency can de~
viate from the nominal value. The fine adjdstment is
made by a varlable capacltor (03 Fig. 5.2) in the master
ogelllator clreult, by comparing its freguency with the
fregquency of obher source. Freguency equality for com-
parison with ogcillograph lndication 1g not compulsary,
only mulbiplicity between them 18 necessary.

Freguency 8tability of control current independent
gengrators 1s higher than the standard (standard 2f10“5}'
and approximately eguals 0.7 4+ 0.8¢1077, Level variation
at 4 ke oseillator output is not higher than 0.1 nepewn,

- and at the conbrol current genevabtor cutput not higher than

£0.04 -~ 0,05 nepers.

Fluctuation value of sgide frequency levels at the
cubtput of terumdnal and tandem offices in time is not over
0.09 nepers and the variation of group route frequency
characteristics 18 1n the range 0.1 nepers. '

The terminal offlce set ncoises for long observation
pericd had the values 0.25 w} 050 mv at the polnt where
the meesurdng Level eguals +0.5 nepers. Noises are nmes~
sured at the Jjack Pr.lin by Type UNP-2 scophometer, 1f
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DKwSé racks are loaded by 135 ohm resistance.,

800 i during a half vear observation period, the level
diagpasm varied at the po:nfs of termlinal and tandam office

20,1 nepers.,

the good working conditlion of the glven eguipment and th

On the main line with an extent in the order of

oubtputs in the range +0.2 to ~0.1 neper. Varlsilon of
recephtion levels (O%P?a17 circult attenustion fluctuation)
for the same time was not higher than $£0.2 nepers for
separate charnelt and for more than half of the channels

A great significance for normal system operstlon
have the maintenance of high degree linesrity of the group
routes, which can gradually or suddenly decrease because

of tlﬁ tube aging, the varlatlion of resisobrs and capaci-
tors valuesg, the breaklng of contacts, ete,

Taa “mnlifier @quipmenn of tandem and terminal
offioes has great "reservves" in thils paxan@tmr as 8 con-
sequence only prophylactlc observation is necessary after

possetion of method for fast finding of the defective
element:.

The meaaulemant of curvents of nor~linear transi-
tiong bhetween charmels Inside the system 1s made by using
individual equipment, Thess measurements are nade with
four-wire connection of charnnels in the combined frequency
of the third order of the form fkqm = [q4+fy-fz. Frequencles
Li, fpa 15 and also channels through which gignalg with
these fraqucncie“ are tranamltted, are selected In such
a way that the non-linesrlty product ln the volce frequency
spectrum would have frequency equal to 1,000 ¢ {Tabls 9.1}

Totel voltage (U;,,) of combined (Ukom) and natural
(G»h} interferances 18 meagured at the recelving end of
the channel subject to influence. The volbtage value of

combined freguency is debermined from formula

- -3 2 - e
“kom / U om Uggh

With increased non~linear trangltions, 1t 1s neces-
sary to determine the office which 18 the source of these
interferences. The finding of offlice with increased non-
linearity ls made by alternately setting the blocking
filter, tuned to one of the measuring frequencles.
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frans-  ilinear £, kQ/fjffgﬁ ke,ffgfg} Kﬁf//f
migsion | spectrum | . : S VAo
| direstion) alternate ////kkam “kan S Vran !
. 2 |7
Top o 135/2 95/19 9a/i 13172
grou I 136/11 96/1 100/2 132/10
L 1 134/11 94/1 98/2 130/10
Y 13742 97/12 104711 13373
 Bobtbom i 77/ 11 3771 41/2 73710
group i 7912 39712 43711 - 75/3
- B 77/11 37/1 41/2 73/10
v 92 39712 BT 701 I R F74

Table 9.1 Frequencies and channels recommended For the

measurement of non-linear distoritions by the combined fre-
) YR _;Q P T e o

guency of t} foyrm Trrom f3kfp 45

A cireult consisting of geries c&nneﬁﬁ 2 inductors
and. capaaituryiwith very small logses can be used for such
a filter. Such aci zeuit is connected parallel to the
@uﬁﬂ@mAUFth@'jﬂ?ﬁﬁ 3 1f the non~linearity products
diﬁép?u&“ when dlsc
non~-linearity should be looked for in thls office. IFf
however, the non-linear transitions do not dis sappear, then
the cause of thelr ﬁppmar&nc~ sheould be locked Por in an-~

oth@r bandem offic cleger to that tandem office, from
which the meanufemem slgnale are applied.

Most tubes GZHIP-E and GP3S-E, used in this equil
ment, a8 the experience showed operate more than the
guaﬁaﬁteﬁd 5,000 hours and even over 8,000 hours. How-
ever 5% of the tubeg lope emigsion before this time and
besides that, 3 to 4% of the tubes had to be replaced be-
fore their guaranteed lifetime is up for different reasons
jand mainly because of the increased set noise level, which
(18 more noticeable in UNCH.

Somet+maw tubes 6P3S are installed instead of

s ar
cLzeeJod then the cause of the lﬂu?ﬁa&f
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6P35~E in some PS and 860 racks. Type 6P38 tubes have

a guaranteed lifetime of 500 hourg; but practically they
work TO0-1,000 hours, after whilch the amplifler non-lin-

earity increases, l.e., bubes graduslly go oub of order,

These Lubes ghould hot be left in the operating eqgulpment
for a period longer than 1,000 hours. The reserve seb

of such %tubes is twlce greater than the usual.

With equipment V-12-2 installation in LAZ contain- '
- ing the equipment of systems V-12 and K-24, s necesslty

can arise of using the generator equipment of thege BY &~
tems to feed V-12-2 810 racks by carrler currents. The
comnactlon of generator racks of V.12 (SINK} systbem and
E~24 (SHK) system with 8I0 rack is made in the same way
ag before with rack SIP of the systems V~12 and K-24,

It is only necegsary to disconnect the addltional

' resistances 1n the distributing device (RU} of 8I0 and

to establish carrler current levels equal o -0.5 nepers
{by voltage) ab the modulator and demodula tor inputs.

This recommendatlon cannot be extended on that small num-
ber of BI0 racks, which wag manufactured with DSV instead
of MEV-5.1 diodes in the modulators and the demodulators.




