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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
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“p

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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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
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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. :




%

[ J

8

]

i
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} . ,
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fdlpe receiver operation.

NN4
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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
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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 throu