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The Technical Description eof radar IIPC-3 is to be used for gtudying the radar
by the technical and flying personnel of Air Force units utilizing the radar.
The Technical Description consists of thres volumes,

The first volume contains genersl information on the radar, its functional descrip-
tion, description of its composition and constructional design, and description of the
functionsl diagrams of the radar channels,

The second and the third volumes contain comprehensive description of the radar
units,

The Look comtains 102 vages,




CONVENTIONAL DESIGNATIONS AND ABBREVIATIONS USED TN

THE

yoy -
¥hg-10 -
ynu-30 -
ALY -
o -
Gy -
LT -
i) -
AFY -
FFu -
Ry -
T -
TXI -
CLy -

COE -

DESCRIPTIOR

intermediate frequency amplifier (IFA)
IFA-10

IFA-30

automatic freguency control presmplifier (AFCPA)
intermediate frequency preamplifier (IFPA)
remote control system (RCS;

direct current amplifier {DCA;
automatic frequency control (AFC)
automatic gain control (AGG)

manual frequency control (MFC)

panuel gain control {MGC)

television sight (T8)

bore-sighting gauge {(BSG)
intercomrunication system {ICS)

tail gun mount {TGM)

defensive armament system (DAS)
resistor

inductance

capacitornr

delay line

choke

transformer

electric motor

selsyn

relay

- pliug connector

switch and selector switch
computer unit
limit switch
contact group

- interlocking

mechanical interlocking

fuse

electron tuhe

neon lamp

incandescent lamp

receiver protection discharger {(RPD)
crystal detector

selenium rectifier

measuring instrument

teat point

magnetic amplifier

amplidyne

servo-smplifier (S4)

test contact

centre frequency of mapnetron {fcm)
lower frequency of magnetron (flm}
upper frequency ~f magnetron {fum)

FlN




8T, ~ magnetron frequency change band (ar )

- upper frequency of klystron (ruk)

- lower freguency of klystron (flk)

Af, - klystron frequency change band (Afk}

~ rate of radiator rotation, scanning frequency (fsc)
fyn -~ synchronizing pulse repetition frequency (fr)

- delay time of ultrasonic line [Iz3-3

Tifu : ~ time of magnetron freguency change (Téfm)
Pyun - pulse power of transmitter (P 15/

o - average power of transmitter %Pav)

Wha - measuring delay line

¥AC ~ damping signal amplifier (DS4)
yI3 -~ ultrasonic delay lins

K - button

un ~ indicator

¥o ~ control winding

)it - rheostat pickoff

y ~ asserbly

YE ~ ultrasonic calibrater (U¢)

Hote, The numerical values of the parameters designated conventionally by letters
are presented in the Radar Operating Instructions.




1. GENERAL INFORMATION OF RADAR
A, PURPOSE

mgil detection and sighting radar IPC-3 is designed for installation in jet bomb-

ers and serves for:

- detection of air tasrgets abaft the aircraft;

- lock-on of the selected target, automatic tracking of it and supplying the com-
puter with data réquired for golving the air firing problem (these data are: the
anguler coordinates of the target, the angular speed, the target range, snd the range

derivative}.

B, OPERATING FPRINCIPLE

In the airersft defensive armsment system, radar OPC-3 carries out successively
the task of scanning {observation of the air sitmation abeft the aircraft) and the
tesk of sighting (directing the antepna head to the target located in the scanned
"area, target lock—on and angle and range tracking). It also supplies the compuber with
the target data {its angular coordinstes, angulsar speed, range, and closing sp‘eed).

. Gorresponding to these tasks, radar IPC-3 has the following three modes of opesra-
tion: the mode of space scanning, the mode of directing the antenna to the target;
and the mode of target lock-on snd angle and range tracking.

The design of the radar antenna makes it possible to fulfil the task of space
scanning end the task of sighting successively. '

The scanning of space is effected by means of gpiral movement of the antenna
beam (Fig, 1) due to retation and simultaneous deflection of the reflector from the
rotation axis {from the zero position}. In the mode of scanning, the antenns of the
radar scans the space within a 70° solid angle {(Fig. 2).

At the operator*s will, the scauned area in agzimuth may be enlarged automatically
by an angle of 20° or manuelly by an angle of 30° due to shifting the scanning axis
to the right and to the left with 'resp_aa'is to the alrvcrafs Ilight direction (Pig. 3).

The area scanned by the radsr {with the £0lid angle being at least 767) i3 di-
vided into the following three zonse: zome L1 of O o 12° with respect to the scaaning
axis; wose IX of 12 to 247 with respect To the scannisg axia; zone TITof 24 %o 560 wich
respect to the scanniag axis (Pig. 4).

If a target appesrs in the radar control avea, the screen of the indicabor dis-
pleys & mark of ‘the target with that of the scanmed zone (Fig. 5}.

The target marks caused by friendly aireraft are asccompanied on the indicator
sereen by mark FRIENWD (CBOH): the wider mark which ig Tarther than the target mark.

Hence, with the aid cf the indicator screen, it is possible to determine:

- the direction to the target with respect %o the scanning axis (according te
the radial direction from the centre of the screen to the target mark);

- the scanned zone in which the target is leocated:

- the distance to the target;

- the netional identity of the target;

- a possible lock-cn range according tc¢ the lock-on range mark,

After a target is detected, the antenus hesd csn be directed to it either manual-
1y by the operator with the &id of the indicator screen or automatically.

when directing menually, the operator, using the indicator screen, determines
the national identity of the target and its position in spacs, and then depresses

the action switch.
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FIG. 3. SHIFTING OF RADAR IMTPC-3 SCANNED AREA
00 - axis of central scanned area {olong wiverafy axis); ﬂ31 - axis of scanned
area shifted manually to the right th«rmagh 309, 002 - axis of sconned area shift-

ed manually to the left through 30°; 00% - axis of scanned ares shifted automati-
cally to the right through 20°; 00% . axis of scanned area shifted automatically
to the left through 20°
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FIG. 5. APFEARANCE QF iNDICATGR SCREEN IN 5CANNIMG MODE

1 - mark of friendly target in zone I; 7 - mork of target in zone Ii; 3,
3o - marks of torgets in zone |1i; 4 - lock-on ronge mark; 5 - friendly
torget identification mark

The marks ond the turgets 52 shown in aecordonce with Fig, 4.
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Fliz. 5. APPEARANCE OF [NDICATOR SCREEN 18 MODE OF
RARAL ANTENHA POSITION!MG
V- mark of satenno head wxis of instont of positioning; ¥ - waork of
target in zene H (szen due fo afterglow of CRT)
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¥ the radiator of the antenna starts roteting, This means that the anterna
b scanning function and starts its sighting functicn.

As a result, the indicator screen will stert displsying en sotennsz- positioning

b park in the form of a bright dok.

_ " The target mark, in this case, will remain in view due to the aftarglow of ihe
indicetor cathode-ray tube [(Fig, &), '

In this mode of operation, the sntire scale of the indicator correspords to 707

- of the £0lid engle in which the spacs fs scanpsd, and is divided by tweo circumfevencas
into three zones which correspond to the three space-scanning zones, The centre of tio
b scale corresponds to the &xis of the scanned area,

3 The operator turns the handles and the control panel of TI-1lA in such a way az +v
nove the antenna-positicning mark from the centre in the direction of the targetb, whic:
¥ has been selected for lock-on, to the middle of the zons whnse mark followed wp th:

i target when scanning (Fig, 7).

_ After directing the antenna head tn the tergel, the ieck-on of tha targel cvouo:
b and its angle and range tracking begins.

gqud
P which iz obtained due to the rotation of the emtenna radiabtor deflected thersns

[ certain angle from the rotation axis (Fig. 22).
": tion, The distance to the target is determined by The Lime required for the pulse zer .
by the radar to travel to the target and to return %o The redar after being vedle i
from the targst.

The leck-on of the target is indicated by lamp LOCE-OW (BAXBAT), whish
{ ing (the lamp is located on the indicator), snd zlsc by %he locked-nn @

Lo Bo operane Lu

La

g appears on the screasn, In this case. the indicabor ste

locked-on target indiscatiso (Big, 8%,

FIG. 8. APPEARANCE OF IMDICATOR SCREEN iK MODE
OF TARGET TRACKING .
1 - mark of iocked-on target; 7 - mork of fack-on runge; 3 - medk of

fargs? in orag osoned by antenn

The angle tracking of the target i3 based on the principle of sguisizaal 3o .o, o

The measurement of the target range deperds on the pulse prianciplis <f redas wupo -
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The wark of the locked-on target is displayed on the indicator screen in the fo
of a ring divided into three arcs,

The marks of other targets situated in the area scamned by thz
tracking mode have the shape of circumferences,

When the target approaches the range of aimed fire, lamp FIRE {OTCHB) om the indi
cator starts glowing,

antenna begm in %

The opening of fire is effected by mesns of dspressing button FIRE (OTOBELY. The
fire can also be opened eutomatically, if switch FIRE (OrOZkh)
MATIC (ABTOMAT) and if the target i=s located at

is set 5o position ATTO-
the almed fire renge,

If it is necessary to stop target tracking, button TARGET REIR.SE foeron OEIk) 1
to be depressed., The handles and the control panel are
and the action switch is released. The radar passes Yo the scanning uwode o cperatien,

In order that the antenna head may be directed to the target au
operator switches the radar over to the mode of

returnzd to the zert position

tTomatically, <he
autamatic positioming,
When a target appesrs in the scanned area, the antenns head ig diracted to the
target automatically (without assistance of the operator]), Ir thism case, he auianra
head stopsg its scanning function and begins its sighting function, =ud the
automatic angle and range tracking of the target take piace,

Ybhen radar IPC-3 cperates Jointly with the idessification Sycwum of Zlim
set, then no possibility is Provided for directing the amtenma s friendly mivo
automatically,

To exclude the Possibility of locking on the ground when %
low sltitudes,

he eireraft Thies at
the radar is provided with setting of lock-on limitation,

The limitation of lock-on is set by the operator making vse of Imob
RANGE (JAJLH. 34XB.} and the lock-on range mark on the indicator zao
cf the shaps of a ring with a ‘darkened sector in itgrupper part {7
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iock-ou range murk, these objects caanot ba locke

WLON,
Esdar OPC-3 ia provided with protecticon mgzinst delibereic corring, Meis protec-
tion is effected Ly mesns of changing the magoaetron frag
The megnetron nas 12 fiwed frequéucﬁeﬁ Tor fuxing,
Chavga—over from one figed sreguescy to smoether Gan be er wevod -

or auvomaticallw

oW

in the avtomatic change-urer made, the BERRS e Uregaonoy or

aistance of the operator if Jamming appearn,

Iz the manual chanpge-over mode, ol FRABQUERDY CEANGT [OEPTROTY VA L he he
depresged, '

The radar is also provided with pretection againet nensyucaremoue il ge

This protection is effected by weens of selecting the target puls

LRE @
.
ie

transmitted pulse recurrence frequency, The description of the =

election mebzod wilil
be presented below,

In the defensive armement system of the aiverafs, radar [PC-2
tion with television sight TI-14 and slighting-ond-computing vidize,
cripled with the identification systesm (set CP30-2), Tn Shis syuten,
ts.1 gun mounts can be effected by meana of:

(8) radar IOPC-3 (the RADIO /PATNO/ mode);

{b) television sight THO-14 (the OPPICS /OnTHE 5/ uole);

(¢} radar OPC-3 when the antenns head is dirscied te “he 4an
sight THO-1A (the ANTENNA POSITIONING /BABOIK:/ mo&&};

{a) television 8ight TO-14 when the target range and the cLoslng speod ure
determined by radar IPC-3 (the OPTICS - RANGE FINDER /OLTHEA - LAZ>AOMEZP/ mode) .

operates ln sowbing.
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PADVORE S T S 41

get

Ay

i2




II, MAIN TACTICAL ARND TECENICAL CHARACTERISTICS OF RADAR

A&, TACTICAL CHARACTERISTICS

(a) The range of detection of attacking jet fighters is 6500 m with the closing
gpeed being 100 m/s.

(b) The scanned area is not less than 70° of solid angle.

The scenned ares axis may be shifted in azimuth through _+_30° manually and through
_4;200 automatically.

(¢c) The time of scanaing the amrea is 2.7 to 3 s.

(d) The range of lock-on of the identified target is 3000 m with a probability
of not less than 95 per cent and a relative closing speed of 100 n/s.

(e) The radar provides automatic fracking of targets within angles of 3350 in
sngular height and within angles of _4_»_650 in azimuth,

(£) The mean-square error in determining the target position during automatic
tracking and in introducing the data into the computer should not excesd 3 tacusandthe
of the distance at ranges of 400 to 3000 m with the relative engular rate being 0 e
0.3 rad/s and the angular acceleration up to 0,5 rad/_sz, The error is desermired om
the weapozn. o
(£} The ranges that can be supplied to the computer are 350 %o 4000 n,
(h) The meximum error in determining the target ramge and in introdusing iz in%s
the computer does not exceed 40 m for distances uwp o 2000 m, and 70 = for distances
up to 40C0 n.
(i) The radar can produce a range derivative in the limits from 2 %o 300 mn/s,
The accuracy of generation of the range derivative is not worse than 30 n/s wWwithin O
to 300 m/s. '
(i)} The screen of the indicator makes it possible:
E - ¢ determine roughly the range to the targed within 350 to 4500 n with the maximum
error being not more than 450 m, and af distances from 4500 to 10,000 n with the maximpum
error net sxeceeding 10 per cent of the distance ln guestion;
- o determine the positiom of the target in apace with respecs 50 the geomesri-
. ¢al axis of the antenna with the 2id of the marks of the zones in the modz of scan-
2 ning:
~ o determing the angular position of the ilocked-on target to an accuracy of
#$° with kuob INDICATION OF (BEE, WHUWK,) dspressed:
- t¢ determine the national identity of the target with the aild of mark FRIEND,
{E} The minimum range of the rader (iis dead area) does not excesd 350 m,

st T g

v
i

AN i S g

I, TECONICAL CHARACTERISTICS

a2

e

{2) The rsmge of magnetron frequency change is AT _,

T

85 than P
(e} The synchronizing pulss repetition frequency is f..

{b) The averege power of the transmitter is not

av”®

i

4 {d} The sensitivity of the receiving channel, as measured by the disappearance : i
_ of the sigmal inm noise, is mot less Tthan 98 dB with respeet %o 1 mV, :
o {¢} The beam width of the Airectivity pattern at the level of 0,5 is as follows:

- 5.2 +0,8° in plane E;
- 5.2 +0,8% in plane E,
{(f) The duration of the transmitted pulse of the radar iz 0.45 +0,05 us,

g R T




iXf. FURCTICHWAL DESCRIPTION OF RADAY

Eynchronization of operation of ail the wpadar somponents ls effacted by a master
bloeking oscillator.

The pulse recurrence frequency of the master blocking oscillator is stabilized
oy an ulirasonic delay line (Yi13). The blocking oscillator is started by ite own pulsel
delayed in the delay channel by the ultrasonis line.

The master blocking oscillator shapes so~called sweep trigrering pulses which
trigger the renge sweep cirewit and the synchronizing pulse sheping nircuit. Tie lgt-
Ler gensrates synchronizing pulses which sharts the svbmoduled;or.

The pubmednlator genewxstes pulses which trigger the modaunlator of the magnstron
secillasor. The magnetron oscillator generates high-power radic-frequency pulses of

& U.45-ps duration, whose repetition frequency is equal o that of the synchronizing
pulees.

The radio~frequency euergy of the transmitter is supplied through sntenns switeh
RECEIVE - TRANSMIT (IIPHEM - [NEPERAYA) and through the waveguide system to the antenna,]
wileh radiates the radic-freguency energy into space.

Tes aulenna bas a reflector which bunches the radisted energy into & narvow beam.|

Scamming of gpace is effected dus to a splral movement of tha antenna besm.
3

Sech s movement of $he anienna Deam, &8 Was stabved earlier, is chtsined by meane

L rotation ¢f the antenna reflector and of its simulbancous deflection from the rota-!
tion sxis,

The defiection of the vefleator is performed by ap electromechenical system which
sonsists of commator ElL-6 iinlked mechealeally with the reflector defiecting mecha-

nism and of a reflestor deflection contrsl simenit which connects muscessively the
#lectric wagastsz of the scuniinze serviz

& For deflzeting the anterns reflector and

the gaihg-
wgi wgelillatar. Tho APG eipe
lator 30 MEz higher thea tast

SCoMEy intermaliate-Frea

o of the aiystren local
ated from the targed), 208 after

rdlste-freguenyy

; termedlabe-fraquency prean-
plifier (IFIY), the terget sipnals,
13 :

of inturnediate-frequency pulszes are

tr pravide aestion reater of the intermediste~Zrequeray

of and, conseqQuently, a sesobenh Level of e basie noize at the IPA-30 aute |
ie made ol automatic gale coaveol in the iuvernediate-frequency preamplifier.
wowsnhrel le perforsed by s nodse |

clrguit.
To improve The antd femming abillsy of the roder, twe IFA-30 ip trigzered Yy 22uns
Gf the rouephion Xeyer only for the time of raceptive (63 45 ua).

The signal waplified by fhe TPA-Z0 iz converbed ingo
detector, thon it is amplified oy the video awplifier ang

5 ¥ideo puige by the second
HUDPLLSE T0 The o1vesit of
profectiion against nonsynolironoms pulse jamming (%s ithe dolay channel and %o the coip-
cidence airewiti. '




To protect the receiving channel against the action of deliberate jamming, the
¥ rader is provided with automatic change-over ¢f the magnetron operating frequency. in
| increase of noiee at the receiver output due to the presence of Jamming causes the
- janming recorder circuit to cperate. The latter in its turn makes the magnetron change
b its frequency. The magnetron frequency is repeatedly changed by the freguency change
t mechanism until the jamwming effect disappears at all or until its presence does not
§ interfere with the radar operation. Provision iz also made for manual change of the
. magnetron frequency at the operator’s will, and this iz effected by depressing button
| PREQUENCY CHANGE.
] Protection agsinst nonsynchronous pulse jenming iz effected by means of selascting
. the pulses according to the racurrence frequency. This method consiste in the fact
- that all the signals arriving a%t the receiving channel of the radar pass to the coin-
[ cidence circuit by the following two paths: (1) directly and (2) through the ultra-
i sonic delay line which delays the signel for the synchronizing pulse recurrencs period.
If the direct and delayed sigpals arrive at the coincidence circuilt simultaneously,
?: which is the case for the target pulses, then they can pass through this cirenit.
_‘ In such a gondition, the signals of pulse jamming whose recurrence period is not
'equal to the recurrence period of the pulsea transmitted by the radar canmnoct pess to
! the output of the receiver (from the coinecidence circuit). From the output of the
:. ¢oincidence circuit, the target signels are supplied to the target and mark pulse
b pixer in which they are combined with the pulses of zone marks and of lock-on range
" rerks and, wken the target is locked on, with the pulses of locked-on target marks
;  taken from the respective circuits. Besides, if the radsr operates jointly with set
': $R0-2, applied %o the target and mark pulse mixer from the FRIERD mark circuit are
L the pulses serving for determining the national identity of the aircraft (the marksa
| of the friendly aireraft).
: The btarget and mark pulses amplified by the video amplifier are supplied to the
i cathode of the cathode-ray tube of the indieater.
The range sweep circuit produces a linear voltage which, in the mode of scanning,
is supplied to the rotor of rotaxy transformer BTi-3 mechaniecally coupled with the
i antenna reflector rotation awxis.
' The mutually-perpendiculay lineasr wvoltsages picked off the stator windings of the
 - rotary transformer are supplied to the deflection coils cf the indicator to produce a
 radial-circular sweep on the indicator screen.

Such iz the way of synchronizing the direction of the antenna beam to ths target
g vith respect to the scanning awxis and the dixection from the centre of the screen to
the target mark.
3 In scanning, the %arget marks can be observed on the screen in the form of bright
arcs whose distancs from the centre of the soreen makes it possible to determine the
:i, target range, while the direction from the centre of the acreen to the target mark
,‘f' makes it possible to determine the direction to the target from the scanning axis
- (Pig. 13).

I? targets sre located in the zonme from 12 Go 24% with regpect to the scanning
& axis, the target marks on the indicstor sexrsen are accompanied by additional radiasl
':;_ parks (zone marks) with a2 duration of # ps (#00 m on the indicator scale). And if
:- taréets are in the zone between 24 and 36° with respect Lo the scanning axis, these

sorks have a duration of 10 ps (1500 m). The mark of a target situated in the zone

trom 0 to 12”7 with respect to the scanning axis is not eccompanied by the zone mark.
The identification mark makes it possible to distinguish friendly targets from
B hostile tergsts. It is shaped from the signal cowing from set CP30-2 by the identifi-




cation mark circuit. Set CP30-2 is started by a pulse of the synchronization systen
when switeh IRTERROGATION (0IPOC) is turned on. The reply signal of the identificatie
Bet appesars only when the target is friendly. When the identification system operabes)
the friendly target marks on the injicator sereen are accompanied by additional wide
Barks situated farther than the main marks,

The lock-on range mark on the screen is displayed in the form of a ring with a
derkenad arc in the upper part. _

When locked on, all the targets situated in the ares scanned by the antenna are
dispiaved on the indicator screen in the form of rings, the ring of the tracked targe
being divided into three arcs.

Frovieion is made in the radar for manusl and sutomatic shifh of the scanned arsg
in azimuth by means of coupling a differentinl selsyn between the TI-14 transmitting
seleyn and receiving selegyn CH1-6 of the antenns. The manual shift is effected with
vhe sld of knodb ZONE SHIFT (CMEIL. 30HH) Yy weans of turning the rotor of differential
selsyn CHEE-1 through an angle of 3500,

The sutometic shift of Lhe scanned area through an angle of 3200 i}o is effected
with the aid of the scanned area azimuth automatic shift control cireuit whieh, in
syuchroniam with the deflection of the reflector, cennects chokes to the open ends of
the stator windings of selsyn CHG6-1.

When the antenna hesd passzes frow the mode of spase scanning to the mode of di-
recting the antenna o the target, the antenna stops its scamming function and starts
the sighting function, which mesns that the defleetion of the reflector from its rotg-
tion axis (the axis of the antenna head) discontinues (the rotating reflector is kept |
in the zero position) while the radiator starts rotating, its axis being deflected
with respect to the antenna head. The direction of the sighting antenna head to the
barget can be effected both ménually by the operator and sutomatically. ’

When the anteans head is mamially directed to the terget, the indication of the
entennampaaitioming Bayk oo the indicator sereen ip effected by means of supplying
the deflection coils of the cathode-ray tube with the voltage taken from the position-
ing petentiometers which are mechanically coﬁpled with the T--14 control panel.

For manual dipection of the antenns head to the target, use i3 made of synchro-
nous coupling between the azimnth and tilt tracsmitting selsyna mechaniecally linked
with the T0-14 control puanel gud the receiving selayns of the snkenna {azimuth selsyn
CHI-€ and $ilt eelsyn CH1-5).

When the handles and the control panel of TI.lA ave roteted, voltages are set up
acro3s %the rotors of the receiving eeisyns. The smplitude and the phese of the voli-
ages depend on the direction of the antenna-positioning knob retation.

These voltages are amplified by the antenna-positioning veltage amplifier and
supplied to the input of the azimuth end tilt commubtators which also receive the
rectengular pulsss of %he reference voltage multivibrators. Az s result of interac-
tion between the voltages picked up from the rotors of selsyns CHL-6 and CH1-5 and the
reference voltages pulses in the azimuth and tilt commutators, the cutputs of the latter|
produce rectified voltages whose value and 3ign depend on the wvalue and the direction |
of rotation of the TiI-14 control panel and handles.

The output voliages of the commutators sre amplified by the direet current smpli-
fiers (YNIT) and by the arplidynes (3MY), and they are supplied to mzimuth and tiit
electric motors Mi-2 and Mi-1. The electric motors rotate the Bighting antenna hesnd
untll the voltage scross the rotcrs of selsynsg CH1-5 and CH1-6 benomes equal to zero,
io8.y, until the antennsa is brought inte coincidence with the positions of the handles
end the control penel of TH-14. '




To provide stability in coperation of the satenna-positioning electromechanical

system, Gee 1s made of a damping syetem consisting of damping signel amplifiers (¥IC)

through which a negabtive feedback is effected betwesen the amplidynes and the direct

f corrent smplifiers.

A%t some instant, when directing the antenna to the target, the radio beam en-

[ counters the target and the pulses reflected from the target get through the antenna
I to the input of the receiving channel. '

Just like in the mode of scanning, the reflected pulses are converted into inter-

f nediate-frequency pulses, amplified in the JFA-30, detected, and amplified by the video
b amplifier.

From the output »f the Jjamming rejection eircuit, they sre supplied to the auto-

f matic angular lock-on device, while from the output of the video amplifier they are
g supplied thyough the range selector to the input nf the srror signal separation cir-
L suit.

The sutomatic angular lock-on device receives algo a lock-on range pulse. It is

| due to this pulse that the automatic lock-on device is caused to funetion only by the
pulses of such targets which are situated within the lock-on range. The lock-on renge
': is set by the operator with the aid of knob LOCK-ON RANGE (,IIAJISHs B3AY¥B.) depending on
| the level of the interfering effect produced by the reflections from ground ob,ject.s.
b The sutomatic lock-on device functions and switches over the radar from the antenns-
, positioning mcde to the tracking mode. The functioning of the antomatic lock-on de-

- vice is indicabved Ly lamp LOCK-ON {2AXBAT), which starts glowing, and by the change-

4 over of the indicator from the mode of the antenna head axis indication (in case of

E panusl antenna positioning) to the mode of tracked target indication.

When the target is locked on in sngular coordinates, relay FP3Y of the sutomatic

b angular lock-on device cperates. Manual positioning selsyns CH1-6 and CH1-5 get dis-
| connected from the anterna contrel circuits and the control of the antenna is passed
- to the target angle tracking circuit, witk the peflector movement control circuit

keeping the reflector in the zepro pesition. The psdistor of the antenna econtinues ro-

f tating.

When the radiator ig rotating. the anbtenna begam diseribes in space a aopical supr-

; face whose axis coincides with the reflecitor axis (Fig. 22),

In this case, the taprget which is wnot located om thia axis is illuminated during

L 2 gingle revolution of the beam by pulses of elesctromsgnetic energy whose inteasity
f varies.

Therefore the amplitude of the reflected zignal also varies. The amplitude varies

| eecording to a perdiodic law which is almos® like the simusoldsl law, the amplitude
. verlation frequemcy (the modulation freguency) being egual to radiator rotation rate
R !, ..

8¢
It is obvious that the farther the Larget L8 shifted with respect to the axis of

4 the scanning cone {the reflector axis), the greater is the pulse moduletion depth. The
phase of the reflected pulse amplitude envelops is determined by the direction in

| which the target is shifted from the equisignal direction: downwards, to the left, to
- the right. ete. (Fig. 23). When receiving pefiescted radic pulses whose smplitude

- ¢hanges with time, the ocutput of the receiver video amplifier produces video pulses

f whose amplitude varies sccording to the ssme lLaw which governs the variation of the
smplitude of the radic pulses at the iaput of the recsiver.

These video pulses pass through the range selector and then they are converted in

the error aignal separation circuit into an alternating voltage whose frequency is
‘f equal to ths rate of the anitenna beam rotation and whose amplitude and phase are

-
¥
K,
¥
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deterzined by the angular shift of the target with respect to the equisigpal direction.
This volitage is called the error signal. If the amplitude of the reflected pulees does
not vary with time, which is the cuase when the target is situated in the egquisignal
direction there will be no error signal.

The error signsl voltage is amplified and converted into two opposite-phase volt-
ages supplied through the P3¥ angular lock-on relay to the szimuth and tilt ecommuta-
tors.

Mounted on the antenna radiator rotation axle are two magnets of inductors. The
coils of the inductors are 90° spart and produce two pulses whose recurrence frequency
is equal to radiator rotation rate fsc. The pulses of the inductors trigger the azi- §
muth snd t£ilt reference voltage multivibrators.

The rectangular pulses of the multivibrators are supplied respectively to the
azimith and $ilt commutators.

48 a result of interaction between the error signal and the reference voltage
pulses in the commutators, the outputs of the latter put out rectified voltages whosge
value and sign depend on the extent and the direction to which the target is shifted
from the reflector axis.

The voltages from the outputs of the azimuth and tilt commutators are amplified
by the direct current amplifiers (¥NT) ard by the amplidynes (9MY¥) and then supplied
to the azimuth and tilt electric motors rotating thereby the antenns head in the di-
rection of error signal decrease, i.e., in the direction of bringing the antenna head
into line with the direction to the target, To eliminate self-oscillations of the an-
tenna head in the angle tracking mode, use is made of a demping system consisting of
damping signal amplifiers (¥IC). Through this system, s negative feedback is effected
between the amplidynes and the direct current amplifiers.

In order to provide m reliable accurate tracking of tbe target, the receiving
channel should transfer the modulaticn of the target signals without distortion of its 3
phase and modulstion factor under any conditions and in case of any variations of the
amplitude of the signal caused by the target being tracked. For this purpose, the
radar uses selected-target pulse AGC (pulse AGC). The pulse AGC changes the IFA-30
amplification depending on the mean amplitude of the tracked target signal, provides &
distortionless passage of the modulated target pulses through the receiving channel,
and suppresses any parasitic modulation of the error eignal (i.e., the modulation by a
frequency which d&iffers from fsc)‘

The automatic antenna positioning is performed in the following way. Mounted on
the antenna are reflector rotation transwitiing rotary transformer BT1-2 and reflec-
tor deflection tramsmitting rotary transformer BT1l which, with their signasis sum-
med up, put out the coordinates of the reflector and; consequently, the position of
the beam in space with respect to the antenna hesd pxis. '

In addition, there are antenns head position pickeffs: two potentiometers R1-1
(of tilt) and R1-2 (of azimuth).

The coordinates of the reflector and of the antenna head are supplied to the szi-
ruth and tilt phase detectors where they are summed up and converted into direct volt-
ages whose values determine the complete coordinates of the beam in azimuth and tilt
with respect to the aireraft axis, and these voltages are suppiied tc the Remory cir-
cuits. '

The target pulses are supplied to the hostile target generating eircuit. When e
hostile target is detected in the scanned area, this circuit produces a hostile target
rulse and sends it to the automstic antenna-positioning device. The latter operates,
starts thereby the azimuth and tilt target coordinate memory cirewits, changea the
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-antenns operation from scanning %o sighting, aud couples snteunns contrel to the memory
b sircuit.

_ For memorizing the voltages corresponding to the beam coordinetes, the memory cia-
| enits are conductive only for a few milliseconds when the beam is directed to the
'-target; they send these voltages to the direct carrent amplifier civeuits through com--
 pensating positioning potenvicmeters R1-3 {of $ilt) and Rl-4 (of szimuth) instailed

F o0 the antenng.

: The sliders of compensating potentiometers B1-3 and Bl-4 are mechanically linked
with the sntenns head.

1 The automatic antenna-positioning ecireuif operstes in such a way that a eingle
 definite position of the compensating potentiometer slider end, consequently, & defi-
;,nite position of the antenne head at which there iz no unbalance between the currents
iof the direct current amplifiers correspond te a defiaite memorized voltage and, con-
} sequently, =z definite position of the target with respect o the scanning axis.

As long as there is no such a correspondence, thers will be an unbalance betwesn
b the currente of the direct current ammplifisrs, and ihe electric wobors will rotvaie
.—Lthe antenns head (until it geSs directed o the memorized position of the vamget).

‘ When the snbtenns head gets directed to the target, the angular lock-on of the
'target will occur znd the system will stert tracking the target. -

' With the targe: being tracked, the angnlar position cof the antienna head {i.e.q

f the angular coordinztes of the target) ig introduced into the computer with the aid of
'A:tour transmitting selsyns CEHL-1 thwough CH1-4 which are coupled with the sntenns head
L azimuth and tilt reducers.

ATter the terget ip losked on in angulsr cocordinates, the range finder starts
,operatin.g,_ which serves for determining the target range (the distsnce to it) and the
iclosing speed of the target (the mange derivativs).

' Ths vange finder is an 2lectronic follow-up systen consisting of an iategrabor, =
range pulse generator, target pulse and renge puise soincidence cirevits, end a Jeri-

j vative cirveult.
Theprs are the following =utnsl funstlons: welsilens iu the psoge flnder.
Phe walue by ewhich the so-called raoge pulses shaped by the range pulse gznsgaiow

E are delayed with respsct te the sierd puises corresponds o she valuz of the integroton
B output woitzgsz. Thus, as the iotegprabor onipud volwags changes, the delay of the raoge

b rulses cheuges, too.

' Wnen the subtomabic angular lock-on device Innowicus, its relay FA¥V switches ou

:, the rangs searnh eireuit which causes the integrator output veltage to vary in agccord-
b ance wish the sawbooth law.

: In this csse, the vange pulses start changing, from one repetitioa pericd to
»another, toeir delay with respect to the svart pulses within the limite from 2 %o

L 80 pa.

The menge pulses zeem Lo be moving along the Hime axis within these limits.

. It the peags pulzes and the taprmet pulses spplied o the avtomatic range lock~on
L device coipcide witn eash ovher (which will obviousziy oucud it the delasy of the rangs
rpulaes iz equal Te ihet i the terget pulsss wibh resp=st bo the atart pulees), ihen

 the subcsabic range lock-on device will operats. 45 a resull, the infegrator sturis
b being controlizd by the snineidence sirvenits, whish weans %het the range finder pas-
 ges from the szopck wode to the mode of targed tracking in rauge.

In the tracking mods, the range finder operaites as fellowa. "
The range pulse (the so-called first rangs pulse) is applied %o the firat-puiss ;
E coineidence cireuit. The range pulse delayed Ly 0.5 ps in the delay line {the so-cailed




second range pulse) ie applied to the second-pulse coincidsnce eireuit. Appiied to
both coincidence ¢irenits alse iz the btarget pulse. '

If the target pulse coincides with the range pulses, the oubput of the ssineid-
ence circuits produces two pulses whose duration and smplitude are determined by the
aoocuracy with which the first or the seczond range pulse coinsides with the target
puise. These punlzes sre applied iun opposiie polaritizs %o the input of the difference
detector of the derivative circult. The differcrce debector seporates & volbege Dro-
portional tc the difference betwesn %he valuss of these pulses. This voltage conbrolis |
integrator cperetion through the auplificr of the derivative circuls.

in this case, the integrator cpsroabes as Follows. The voliage at the output of
the infegrator grows if the Ssrge’ pules coincides with bhe fivst range polise to &
greater extent than with the zecend range pulse, i.s., when the bar-get approsches.

The target pulse therewith seems %o be coming ob %o the first wvenge pulse. I¢ ie ob-
vioue that the higher is the closing speed of the btawges, the belider the Sarget prise
coingicdes with Yhe first range pulse, the grenter will bz the control wolliage balkan
Irom the difference detestor, and ke guicker the ivtegrabor oubpu’ voliege will in-
Crease.

As the output voltage increases, the delay of Hhe renge pulses with ressect o
the start pulses decreases, i.e., the renge pulses nove in the NEARER (BIMEE) divec-
tion, Shereby 4racking the barget.

I the closing spesd of the target is egual o zere, the voltege across The 4if-
fereass dezector oubput is alse equal %0 zZero sad the renge voltage dees not change.
Iz thies case, the range pulsses 4o nob change bheixr galay with respect to the stary
pulse.

Hence, in the modes of barget tracking in renge, the oubpus Toltags of the integre-
tor 18 & voltege directly proporticnal %o ths renge (it iz salled "pange volSesze™Jo

The oubtput woliage of the dMiference detector is directly vreportlionel %o the
slosing opeed. I% 12 peplifisd and uned as s rensge derivative voltage {oloalng apeed
yoltags ). '

12 the range lock-on relsy (F3Y4) cperabes, ©
range feliow-up syshtew where, ic accerdanse with this wvols =3
turps the siiders of the ronge potenticmebers, Thsa reﬁiﬁﬂﬂﬂﬂ@w pfﬁp@ru¢ﬁuai o the
target rauge, is iubrodvced with Bhs ald of the nosensiomebsr a.id

priate devices of the alreruft srmament syshen.

If a necessity arises to start tracking asnother Larget locsted in the some direas §
tion but at 2 different 2istance, then he operetor sshas suiten NEANR: - PARTALW
{5IMEE -~ FATBEE) to the prespeciive position.

Ag a resuit; the subomatic range lock-sn deviee ls swiZched off, while She pange
finder circuitzry provides a free novement of the range pulses until the dezired farged
is locked on, i.e., the sesrch in renge bepins.

When the range lock-on relzy spersies in opder %o asimate the pulse BED =nd 4a
provide shmping of %he mark of the locked-on tavges in rangeg the rarge Lmilieaiion aip-!

vareal

cult shapes @ pulse whieh coineides in vime with Gaz loc
When the tavrget is locked on, %he hostile texps

voliage of +2§O ¥ which is applied to the avkomadbic

for operntd ang

In addition, when the range lock-on relay opeorabes. a range welbase iz alao gp-
piied to the automatic fire-sontrol devine. And when the terget appooaschas Lo
aimed fire renge, the automatic Firve-control device cperzies znd stazta pericdleally
{for the time of 1 to 2 seconde, a% intervals of L to 2 seconds) delivering a rvoltage
of +27 ¥V %o the fire-opening clrcult.
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4 When knob INDICATION ON is depressed, indication of the angular position of the
 Jocked-on target is effected with the aid of the degree scale of the indicator by ap-
 plying a voltage proportional to the deflection of tkhe locked-on target from the air-
j eraft flight direction to the deflection coils of the cathode-ray tube,the voltage
F tgken from potenticmeters Bl~13% and R1-14.
: The generation of the terget angular speeds by radar MP6-% iz effected with the
| 213 of the angular-speed gyro pickoffs installed on the gyro platform. The gyro plat-
form provides movement of the gyro pickoffs with anguler spesds corresponding to the
 angular speeds of the target relative movement. For this purpose, control of the gyro
f platform ia effected from the radar entenna tracking the target through the selsyn
'gynchronous follow-up system. The movable part of the gyro platform provides movement
 of the angular-speed gyro pickoffs in two planes {horizontal and vertical) with the
| 313 of the respective drives (of azimuth and tilt) which are independent of each other.
: The radar antenna mounts transmitting selsyns for angular position of the antenna
i nead in azimuth (CH1-2, CH1-4) and in tilt (CH1-1, CH1-3) which are mechanically
 coupled with the reepective reducers of the antenna. The stators of these selsyns are
slectrically connected with those of the respective veceiving selsyns (CH19-1, CH19-2
 for azisuth and CH19-3, CE19-4 for tilt) installed on the gyro platform.
: The azimuth and tilt drives are constructed on the principle of a two-channel
| system, wbich meana that the selsyn coupling between the gyro platferm and the antenna
| 13 effected through coarse and fine channels. Mounted on the antenna and on the g¥yro

platform are selsyns with a gear vatio of 1 : 1 {CHl1l-1l, CHl1-2 and CH19-1, CH19- -3) for
| the coarse channel, and selsyns with a gear ratio of 1 ¢+ 31 (CH1-3, CHl-4 and CH19-2,
E (H19-4) for the fine channel. The fine channel provides a high accuracy with which the

woveble part of the gyro platform followe the antenna head, but it admits false matched
f positions (which occur every 11°%26'). The coarse channel serves for eliminating these
' false matchings. Change-over from one charnnel to the other is effected by a selection
 ¢ircuit.
: The azimuth drive and the %£ilt drive are identical, therefore described below
| vill be only the azimuth one. When the antenna head tracks a target in szimuth, the
F rotors of the azimuth transmitting selsyns rotate, producing an electric exyor
 gignal in the circuit of the receiving selsyn rotors. The error signal s prOPGTtiGM1
j 50 the angle of rotatz:.on of the antenne head in szimuth.

The error signsl is amplified by the paspestive anplifiers (the fine channel am-

 plitier, the coarse channel amplifier, the power smplifier) and then it is supplied %o
[ the electric motor of the gyro platform azimuth drive. The slectric motor turns the

~movable part of the gyro platform,on which the gyro pickoffs are mounted, in the direc- .

 tion of decrease of the error signal, and continues to turn it until the error signal
! becomes equal to zero, i.e., until the gyro platform povable part is in the position
- patched with the antenna head position. The angular-speed gyro pickoff regponds only
to the angular speed of movement in azimath and supplies the computer of the aircraft
; irmament system with a current proportional to the angular speed of the antenna head
| ovement in azimuth.

] Hence, in the mode of target tracking by the antennas, the gyro pickoffs put out
[ the relative angulsr speed of the target.
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IV. COMPOSITION AND CONSTRUCTIONAL
DESIGN OF RADAR

Radar IPC-3 consists of 25 constructiocrally completed units which are electricall
connected between one another by a system of cables {unit 2JE-15). The radio—ffequan&
vnits are comanected between one another by means of waveguides, '

The arrangement of the equipment in the units takes into account the functional }
relation between separste components of the radar. .

Used as a basis for the constructional design of the radar is the principle of |
combining the circuits and assemblies in functional channels vwith due regard for ar-
ranging the redar in aircraft with the cable system having the minimum length and _
quantity of wires. The units of the radar have abbreviated designations which are in<
scribed on the Manufacturer's name plates of the units and in the technical documents)
for example: 2IK-1, [E~19, 24P17-9a, etc. ‘

The number that follows the dash in these designations denctes the unit number if
the radar, for example: 2iK-1 is the first unit in radar nec-3. |

The assemblies, tubes, parts and other items installed in the units are designaﬁ-
by letters which denote the abbreviated names of the items, by figures which denote tf
number of the unit in which the item is installed, and by the reference number of thel
item according to the schematic diagram of the unit, for example: CH1-2 is the second;
gelsyn in unit 2JE-1, R10-9 is the ninth resistor in unit 20E~10, etc. 1

Radar TPC-3 includes the following unitss :

- Unit 2[E-1 (the antenna) which contains mechanisms and notors for turning the;
antenns head, for rotating and deflecting the reflector, for rotating the radistor,
selsyns for directing the antenna and generating angulaf positions of the target,
antenna-positioning and indication potentiometers and rdtary transrormera. ' )

- Unit 242 (the transmitter) which contains a magnetron oscillator and a modulatq

- Unit 20E-3 (the receiving, jamming rejection snd synchronization unit) in whicy
gre instzlled components serving for intermadiatefrrequency amplification, anti japming

protection, synchronization, and sutomatic gain control, ' :

= Unit 2BE-3 which contains 14 separate electricslecircuit assemblies having
their own designations.

= Unit 20K-4 (the indicator} which is compomed of a cathode=-ray tube with focuge
ing and deflecting coils, and & video amplifier. ' ) '

= Unit 2[K-5 (the connection box)} which contuzine components for awitching the
cireuits serving for control, monitoring, antenna positioning, tracking, coupiing of
the radar with sight Ti-14, and delivery of data to the computer.

= Unit 2JE-6 (the control panel), ’

= Unit 20K~7 (the control and monitoring panel) on which are arranged radar
controls, a measuring instrument, and switches which make it posasible to check opers- |
tion of all the channels of the radar. '

Unit 2AP17-94 (the amplidynes). .

= Unit 2JK-10 (the angle tracking unit}. Mounted in this unit ere: sutomatic )
anguiar lock-on device, error signal separation circuit, azimuth and tilt commutators,
reference voltage multivibrators, antenna-positioning voltage amplifiers, chansa-over:
multivibrator, direct current amplifiers, and damping signal amplifiers.

=~ Unit 20K-11 {the range unit). Mounted in this unit are: range pulse gensrator,
coincidence circuit, range derivative circuit with difference detector, integretor,
renge search and gearch starting cireuit, range selector, speed selector, lock-on in- |
dication circuit, automatic lockwon device, and range follow-up systen.
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- Unit [JE-12 - the supply unit with rectifiers and electronic stabilizers of volt-
sgest +230 V {st.), =230 V (st.}, +300 V (st.}.

- Unit 124 (the indicator supply unit with +6000-V and +60C-V rectifiers).

- Unit 20K-1% (the mark and range sweep unit of the jndicater). Mounted in this
unit are: circuits shaping the zone, identification, lock-on range marks and the marks
of locked-on targets, mixer of mark and target pulses, hostile target generating cir-
b cuit, range sweep generator, and synchronization and brightening circuit.

' - Unit 20K (the high-voltage rectifier of voltage 17 ¥V for supplying the magunet-
ToL) ..

- Unit 208-22 (the radio-frequency receiving unit). The unit includes: discharger,
signal and awtomatic fregquency controcl balance mixers, klystron local oscillator,
intermediate-frequency preamplifier, automatic frequency control preamplifier, and
sutomatic frequency control system.

-~ Unit 20K-24 (the box of supply circuit fuses}

- Unit 2[%~25 (the waveguide line).

- Unit 2[0K~26 (the klystron supply unit with -30C-V and ~600-V rectifiers).

Unit [K-28 ~ the supply unit with rectifiers and stabilizers of voltages:
4120 V (st.), +150 V (st.), =150 V (st.); and = stabilizer cf voltage 115 V, 380 to
900 Hz.

- Unit 2[EK-29 {the automatic antenns—positioning unit). Mounted in this unit are:
control and lock-on circuits, memory circuits, tilt and azimuth phase detector, auto-
natic fire-opening circuit, and scanning circuit.

« Unit HE-19 (the gyrc platform). Arranged in this unit are gyro pickoffs for
target angular speeds in azimuth and in tilt.

- Unit JE-30Q (the unit of amplidynes which amplify the signals sexnt to the gyro
platfoim). ‘

- Unit [¥=31 (the comnection box which couple the angular speed generating units
with the defensive armament system).

- Unit J¥~32 {the gyro platform amplifier).

Ag to their construetion, the vnits are composed either of separate removahle
standard assemblies or of separate removable mounting panels.

The mounting venels are fastenasd to the frame of the chassis. The chassis has
e removable cover and a bottom. Unit 20K-3 represents constructionally a framework
whose upper portion mounts removable standard assemblies.

A1l the units in which electron tubes are used, and also unit 24K-7 are meunted
o2 shock-sbsorbing frames with shock absorbers, type Ad.

~ Uni% 2A2 znd unit 20K-22 are mounted on a common shock-gbsorbing frame.

Antenna unit 20E-1 is coupled with units 2A2 and 2[JK-22 with the aid of waveguide
line 20E-25.

These units (20K-1, 242, 2[0E-22, and 2{E-25) and unit 20K are pressurized, and in
flight et an altitude higher than 3 km additional pumping is needed for them.

411 the control and check members of the radar are arranged in units 2JE-6, 20K-7
and 2f[K=4. The fuses of the supply circuits are located in fuse box 20K-24 wnich has
blown-fuse indicating lamps.




¥. SYNCHRONIZATION AND RONSYNCHRONQUS
FULBE JAMMING EEJECTICN CHANNEL

A. FPURFOSE

The synchoronization and nonsyachronous pulse Jamming rejection channel is deslgn
ed fer timing the operation of the radar deviczes, for synchronizing the CP30-~-2 set
identification system, and for protecting the automatic devices and the indication

channel agains% nonsynchronous pulse jamming.

B. MAIN TECENICAL CHARACTERIBTIGS

{a} The synchronizing pulse repetitiocn frequency is fra

(b} The passing-through of nonsynchronous pulse jamming at freguencieg up to
6000 Hz is excluded. The passing-through of jamming havivg-frecuencies higher than
G000 He is possibvle only at such frequencies muétlple of the radar pulse recurrence
iP&uUPDCJe in this case, the pass-band does net excesd 2 per cent of the Jemming

nlse recurrence fregquency.
{cj The amplitude of the master blocking cseillator pulses is not less than 60 V
with s durstion of not less than 10 s, ' ;
{d) The amplitude of the sweep triggering pulses is not less than 40 V.
{e) The amplitnde of the synchronizing pulses is not less than 70 V with a durs-

tion of 1 to 4 ms. i
() The amplitude of the star% pulses is 130 :gg V with a duration of 0.6 +0.1 ﬁsf

i{g} The emplitude of the negetive gate pulses ig not less than 30 ¥V with a dura-
tion of 5 5 RE. '
{h} The amplituvde of the target pulses sent to the subtomatic lock~on devices
{connectors 63 and £7) is not less than 25 V with a durstion of not longer than l'ps.*
{1; The amplituds of %ue target pulses sent to the indieation channel {connactor
53) i2 net Less than 20 ¥ with a durekion of not longer than 1 =

Do CEAPNED COMPOSITION

I

]

ag channal is composed of
o seubly 308 in unis 2HE-~Z%g

it {aszgennly 4G5 im vnit 2HE-%5,

rasver bilcecking oszilletor cirowit (as
L

R

sweep triggering pulse generator cirs

)
{e) sweep and synchronizing pulse sihaping cireuwil {in unit 20K-13);

ctart pulse shasizng cireuit {ia upit 2480

\f“\f

dj)

;) negative gate pulse shaping circuit (assewbly 264 ja ucils 20E=-:5)g

} 10~MHz emciter circuit {gssemdbly HI%0 in unit 20E-2%3

) ultresonic delay iine ¥N3 (Jis%-3 in unit 20E=3%}s

} 10~z intermediate-fregquency amplifier (assembly 5C8 iz unit 20K-3)%
iy

’

Lo = = I =Y m

commutator {assembly 108 in ucit 20K-33;
J) delayed-signal video amplifier and cathod
a unit 20K-%};
{k} coincidence cireuit (assembiy %21 in unit 20853
{1) 10-Mdz intermediate-frequescy amplifier {IP4-30) autcmetic gain comirol
ciroult (assembly 1113 in unit 20K-3).

g lolliower circuit {(sssewmbly 408

r“mpxc'\a—\,..\

L. DESCRIPTICH OF FUNUPIONAL DIAGRAM

The cvperation and interaction of the components of the synchrornization aad jamming |
ction channel is explainmed by the channel functional diagram and by the time rsla-

rejs
(Fig. 113. The usin components of thes synchronization channel (#ig. 9)

tionship disgran
are as follows:
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- the master blocking oscillator (assembly 3C8 in unit 2[E~3) which generates po=.
sitive and negative pulses with an amplitude of not less than 60 V and a duration of
not less than 10 ps. The blocking oscillator is started by its own pulse passing
through a pulse delay circuit;

~ the exciter (assembly 403L);

- the ultrasonic delay line (JIa3-3)3

- the 10-MHz intermediate-fregquency amplifier (IFA=-10, assembly 5C8};

- the videc amplifier and cathode follower (in assembly 4C8 ).

The positive pulses of. the master blocking oscillator (assembly 3C8) are applied.
to the exciter {assembly 40I30). p

The exciter generates radio pulses of a frequency of 10 MHz, whose duration is
equal to that of the blocking oscillator pulses. The exciter pulses are applied to the
input of ultrasocnic delay line J123-3 which uses two inputs and delays these pulses by
Tl and T2 ps. To compensate the attenuation in the line, the rsdio pulses are supplied:
to the 10-MHz frequency amplifier (assembly 5C8) where they are amplified and converted
into video pulses which are amplified in assembly 4C8 and used to start the master ]
blocking oscillator. For synchronizing the rada; with periods Ta and Tl successively,
only one of the pulses delayed by the delay line should be at the IFA-10 output. For
this purpose, the IFA-10 input (assembly 5C8) is commutated by the commutator (assemb-:
ly 1C8) pulses yhose duration is TE and Tl. The commutator iz caused to operate by the
trailing edge of the multivibrator {(in assembly 3C8) pulse which cuts off the blocking
oscillator for 250 450 ps. If it is necessary to conceal the recurrence frequency swing
for the sake of radiocamouflage, the commutation of the IFA-10 inputs cen be cut off
by means of switch B3-1 SWING -~ OFF (KAYAHUE - BHEN.), and in this case the synchroni-
zation of the radar is provided with period T, (Fig. 11).

Since the Plocking oscillator own period is selected to be longer than the delay
time of the ultrasonic delay line, the blocking oscillator period depends on the de-
lay time of the ultrasonic delsy line.

In order %o maintain a comstant arplification factor of IFa~10, use is made of
2n automatic gain control circuit whose operation depends on the pulse of the master
blocking osgillator., Whern the J¥i-10 AGC cireuit (assembly 11lil7) receives simultaneocus-
1y both the master blocking oscillator pulses coming from assumbly 3C3 and the delayed |
pulses coming Trom aasemdly 5C3, its output produces a negative voltage proportional
to the amplitude of the IFA-10 output voltags.

This voltage ie supplied %o assembly 508 to msinitzin the amplificstion Yactor
conaternt,

The positive pulses of the master blocking cscillator are used for shaping the
aweep triggering pulses. ' -

The sweep triggering pulse shaping circuit (assembly 4C8) shapes positive pulses
of a 4O-¥ amplitude. The positive sweep triggering pulses are supplied to unit 20EK-13
where they are spplied to the range sweep shaping multivibrator.

The pulses pass from the multivibretor to the synchronizing pulse sbaping ciz— _
cuit., The synchronizing pulse is shifted by 20 14 a8 with respesct to the sweep tfisg&rf
pulse so as to make the sweep zeroc coincident with the baginning of transmitter radia- |
tion. : : . ‘
From unit 2[EK-1%7 the synchronizing pulses are supplied through conmecition box
2[K~5 to unit 242 where they are anplified by the starting amplifier and are usad
-for atarting the submodulator.

The submodulator generates start pulses with en suplitude cf 130 :gg ¥ and
a duration of 0.6 +0.1 us. '
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The start pulse from unit 242 is supplied through the ceontacts of relay F5-1i

(unit 20E-5) to unit 20EK-3 for starting the lock-on range pulse shaping cireuit (as-
sembly BI30), and through line Hz3=7 (whick delays the begiming of the reception with
respect to the Time of radiation of the trensmitted signal) it is supplied for trigger—
ing the negative gate pulse pultivivrator (assembly 2C8). In the monitoring mode, it is
suppiied through the contacts of relay P5-12 to the monitoring pulse shaping circuit.

In addition, the start pulse is supplied to unit 2Mi-22 for cubting off the intermediate~
E  frequency preamplifier for the time when the transmitted pulse 38 radiated and the

E AFC circult is started, to unit 2[K-11 for sterting the range pulse generator, to unit
2H=29 +o he aprlied to the dengercus range geﬁérator, and to set CHO=3.

The protaction of the radar ageinst nonsyachronous pulse jamming and agalinst
nutnal interference of radar stations depends on the prineiple of time selsction.

The pulses from the videc amplifier (assembly I3[} are spplied to ome of the
l inputs of the coincidence ecircuit (assembly 20%0}, while to the other input of the
coincidence circuit the same pulses are applied and delayed fox cne pericd in the
delay cirecuit (assémblies 4135, fis 3=3%, 508, 4C8,Js 3-4 and JI3 5~5, sz Fig. 10).

The operating condition of the ceincidence eireuit is such that the signals mey
gppear at ive custput only when the target pulses at the coineidence sircuit inputs
coincide with =ach sther in time. Delay linss Jiz 34 and Jia 3~5 are needed for compansat-
ing for the shift of the delayed target pulse with respect te¢ the pulse srriving direct-
ly from the video amplifier (asgembly &I034).

The necessity for compensating for this shift i explained by the existence of
a certain advance of the delayed target pulse due to Tae fact that the blocking oscil-
lator is triggered by the front edge of the trigger pulse. From the output of the
coincidence circuit, the target pulses are supplied to the auntomatic range lock—-on
device {unit 2LK~11) and to asutomatic angular lock-on device {umit 2UE~10) through delay
line Nla3~56 apd the catbode follower {ansembly 2C8), to woeid 20H=13, and So the exciter
{assembly 4I3A) for summabion. Delay lice Jlz3~& compenssbes for the delay of the iden-
tification pulses arriving from set CF30-d.

Sipes & certaip lozs of sensitivity oceurs in the coincidsnce sircult, unih 2IK-3
uses g repested summation nireult: the protectes signals Irowm the gutput of the colncid-
ence cireuit ere again delivered to the input ol toe axoiter {sesembly 4030 whers
they ars swimed uo with the unprovesciad pulises arriving Trom the video smplifier {as~
gembly €H3/1).

It is due to such s summation ths% ths sensibivity loss is compensatesd for amd

; . sigs . .
the relation —ﬁ%%%‘%-l- is inereased.
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Vi. RADIC-¥REQUENCY AND AUTOMATIC

FREQUENCY CONTROL CHANNEL

A, PURTOSE

The radio~Trequency and automatic frequency control chapmel perfcrmv the follow-
ing fanctionss

{a} generation of powsrful radio pulses;

(b} reception of the radio pulses reflected from target and conversion of thenm
into puises of intermediate frequency;

{¢) maintepance of constancy of the receiving chsmnel intermediate frequencyj

(dY detection of neoise Janming effect on the receiving channel, and changs-over
oF the magnetron and klystron Irequencies.

B, MAIN THCHWIGCAL CEARACTERISTIC

Tha operating freguency rTange of the magnetron oscillater is Afm. _
Toe duration of radic pulses is 0.45 +0.0% us at the level of 0.5 amplitude.

{a}
{2}
{¢) The radio pulse repetition freguency is T
{a} The pulse power ¢f the transmitfer is Ppls“
{2} The zengitivity of the receiving channel, &s measuved by the disappearzuce
ol the sigmal in noise, is not less then 98 4B with respect to 1 aVW.
£} The klystron frequency change range is ﬂfk’
%} The intermediate frequency is 70 +0.5 MHz.
hy The accuracy of maintaining ths intermediate frequensy counstant by the suto-
matis frequeancy contrel circuit is not womse than +0.% MHz.
{1} Phe nunber cf the magneiron operating freguencies is 12.
Y The total time reguired for changing the magnetron frequency is not more than

e QOMBOSITIONR

Tne chanoel is composed oi:

LY ble megnotrvon high~powsr radio pulss gensrator J12-7) with the moduls
device Maa2, -5, T2=57s
Y cenne shangs-over switeh (H22-103%

sral channel radio-pulsse freguency baleoce mixer {[22-1, L22-23%
tunable xlystren local ocscillator {(N22-2%:
{€} whue ALFC channel radlio~pulse freguency balance miwer (A22-%, I22-47%j
{£) sutcmatic intermediate~freguensy control presmplifier AWCPA OYAN%/ (N29-1,
D852, H25-3Ys

{g) =lectronic AFD circunit {(IP5-1, 262, N26~3, N26~4, I27-1, A27-2, 127-3,

wizieh performs electronic tuning of the klystron fraguencys

{npY alectromechanical AFC circuit {(A27-5, 027-6, H27-7, H¥22-1i, TFoo-zZ,

which perforrs mechaniecal tuzing of the klystron Ireguencyry
{40 setromechavical ssarch circuit {(P22-2, HlI2%-1, KI2-3% whish performs macha-
i chauge of the klystron frequency whan fthe high voltage is switched cio and after

Shes wagnebron frsquency haz teen changads

{5 sutomatic fresguenecy lock-on deviece (N25-4, N25-5, N26-5, A26-6, J25-T, Pra-1)

which switches over the elesetromechanicsl aubtomatic frequency control civeult from
ollow-up mode and vice versaj

the azarch mods to thse £
b

(k) nmoize jamming euordiﬂg circui®t {assembly 1803 in unit Z0K-3):




(1) magnetron frequency change device (B7-4, P2-5, M2-2, P5-11, K6-2)3
(n) manual frequency control circuit (P22~4, R7-11, B7-7).

D. DESCRIPTION OF FUNCTIONAL DIAGRAM

The functional disgram of the radic frequency and AFC channel is presented in the
Mbum of Functional Diagrams.

4 The synchronizing pulses delivered from unit 20K-13 to unit 242 are smplified by

! the starting amplifier (1/2 of IlI2-6, NM2-5) up to a voltage of 170 V which is sufficient
f for making the submodulator conductive. In the intervals between the pulses, the submo-
 gulator is cut off by a negative voltage of ~120 to -130 V.

The pulses arriving from the outpui of the starting amplifier cause the submodule-
: tor to conduct. The output winding of the submodulator pulse transformer produces po-

L sitive pulses having an amplitude of 900 to 950 V and a duration of 0.5 ps which are
 applied to the control grids of the modulator tubes. '

j Before the arrival of the puises from the submodulator, the modulator tubes are

cut off by a negative voltage {700 -~ 850 ¥}, and storage capacitor C2-18 is charged
from the high-voltage rectifier of unit 20K, When the positive pulse from the submodu-~
| lator is applied to the grids of the modulator tubes, storage capacitor C2-18 jig dis=-

f charged through the modulator tubes and magnetron J2-7, the latter generating a powerful
 radio pulse which is delivered through the waveguide system to the radiator of the
antenna.

A part of the energy reflected from the target is received by the antenna and de-
o the signal frequency balance mixer. (L22-1,

f 1ivered through the waveguide line t
In the balance

.: l22-2), which serves as the input stage of the superheterodyne receiver.
f nixer, the frequency of ‘the received radio pulse is mixed with the frequency of the

1 klystron local oscillator (22~2}. As & result, the output of the mixer produces an

| intermediate-frequency pulse whose frequency ig equal to the difference between the
Irequency of the klystron and that of the arriving signal. This pulse is applied to

the intermediate-~irequency preanmplifier.

: Operation of the transmitter and the receiver using the common antenna is pro-

b yided by antenma switeh RECEIVE ~ TRANSMIT ([IPVEM - NEPELATA).

' of the magnetron and the klyst-
in a change of the difference

i In the course of radar operastion, the frequencies
f ron mey vary within an appreciable range. This will result
F between tb.em,‘ To maintain the intermediate fregquency constant, use is made of an aufto-
g matic frequéncy control device in unit 20K-22.

_ The magnetron pulse weakened by attenuator AT22-1 by 65 to TO 4B is supplied to-
gether with the JI22-2 klystron oscillations to the AFC channel balance mixer (L22=3,

{ [22-4), The output of the mixer produces jintermediate-frequency pulses which are ampli-
 fied by the sutomatic frequency control preamplifier {tubes II25-1, N25-2, n25~3) and

{ applied to the input of the electronic AFC cirecuit (J126-1, N26-2, N26-3, NI26-4, nr27=-1,
 127-2, 1127-3, N27-4) .

i  The adjusting voltage from the output of the electronic AFC circuit is applied to
E the repeller of the klystron to adjust the klystron frequency so as to decrease the

b error.

1 The initial tuning of the klystron frsesquency is provided by the electromechanical
'- gearch circuit, which consists of search relay P22-2, klystron frequency change mecha~
F nisn motor reversing contacts Kl23-1, and directicnal search contacts KI2-3, When the
ol winding of klystron frequency change electric

| negnetron does not generate, the contr
since relay F22-1 of the automatic

f notor 1M23-1 is disconnected from the search circuit,
lock-on device is de~energized. When the magnetron is switched on, its current flowing
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through the ceil of relay FP2-~1 produces a positive voltage which makes normally cute
off tube N26~T7 of the automatic lock-on device conductive. 4s a result, relay P22-1
operates and the 115-V 400-Hz voltage is spplied across the control winding of elect-
ric motor M23-1 through contacts 2 and 3 of relay P22-1, contacts 1 and 2 of KI2-2 and
the contauts of search relay P22-2. . i

Asgume that prior to appiying the high veltage to the magnetron, relay F22-2 is
de-energized, which corresponds to the preceding tuning of the magnetron for increas- |
ing its frequency. The motor will stert rotating in the direction of the normally oper|
conkact of group Kii23-1, changing the frequency of the klystron. If the frequency is
not locked in this case, the cam mounted on the klystron freguency change mechanism
closes the normally open coantact of group El23-1, connecting search relay P22-2 to
the ground. Tae relay operates, performing self-locking through its contacts 2 and
%y the normally closed contacts of group Kl23-1 and contacts 3 and 4 of group El2-3,
and its combacts 11, 5 and &, lb invert the phsse of the voltage across the conbtrol ‘
winding of electric motor M23-1. The electric motor starts robating now in the direc~
tion o the mormally closed contact of group EI23=1, the frequency of the klystron
again changes and, when the difference between +the klystron frequency and the magnet-
ron frequency becomes equal to the intermediate frequency, the automatic lock-on deviee
will de-ebsrgize relay F22-1, thereby switching the zontrol winding of electric motor |
}23-1 from the search cirecuit to the output of fthe electromechanical AFC circuit (to
output winding 8, 9 of magnetic amplifier IM¥22-1},

The elsctromechanical AFC circuit consists of a servo~amplifier{ﬂ27-5, H27—6,
Nz7-7;, magnetic amplifier M¥22-1, drive motor M23~1 with the klystron frequency changsl
mechanism. The oubput winding of magnetic amplifier MY22-1l is connected with the cont-
rol winding of motor MP%-1 through the normally clossd contacts of relay P22~1, If the |
frequency of the klystron or that of the magnetron changes, the output of the AFC cir
enit produces sz error veliage which is supplied %o the repeller of klystron 22«2 and
£5 the input of the servo~amplifisr (JI27-6). The output voltage of the servo-amplifier
iz supplied through the magnetic amplifier to the contrel wimding of motor M23-1 of
the kiystoon frequency change mechanisam which chapges tkre xlystron frequency so as
Yo maintain the constant differencs between the frequsucy of the klystron and that of
the magnetron., For stebiliziang the servo-amplifier, use is made of a leedback. The
feedback veltage iz applied from the cutput winding of transfermer Pp22-2 td the servo-
amplifier {A27-5), and is zdjusted by means of potentiometer Re2-28. The electrome- !
chanical AFC circuit is switched from the search mode to the follow=-up mode by meaus of §
the eutomatiz frequency lock-on dasvice {N25~4, N25-5, 2e~6, A26~7, Paz-1, N2&~5).

If the klystron frequency is tuned correétly, the intermediate-freguency pulses
sre applied from the oubtput of the AFS presuplifier to the input of the lock-on cir-
euit. Tabe N26-T7 gets cut ¢ff, de-energizing the lock-on relay which switches the conte|
rol winding of motor M2%-1 from the szarch circuit te the output of the electromechani-
cal AFC circuit (to the ocutput winding of magnetic amplifier M¥z2-1).

When polise jamming is recelved by the radar receiving channel = change of the
magnetron frequency is effected, The noise jamming voltage is supplied from the oulput
of assembly &IZ[ (in unit 20K-3) tc the input of the jamming recording circuit inm unit
2lE-%, The jamming recording cireuit consists of zelector il8-1, video amplifier }N18-2,
gmplitude detecior M18-3% and controlling tube JIiB~4 with P5-11 in the ancde circuit.
Tube Jilg-1 15 pormally cut off through its control and suppressor grids, Tube J18-1L am=
Plifies The Jamwing signal whose level exceeds the thrashold of the Jemming recorder
cperaticn‘only during the time of sction of the lock~on range pulse. The commutation
0f the jamming reccrder by the lack-on range pulse is required for preventing the jam-
ming indication circuit from operation under the effect of the pulses preflected from
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} the ground. Switch B7-4 switches the magnetron frequency change from automatic to menual

' by breaking the anode supply circuit of thyratron N18-4.

When the automatic frequency change is in operation, the recorder is Tesponsive

. to such noise jamming the amplitude of which exceeds 18 +2 ¥. In this case, the thyrst-

. pon N18-4 current pulge causes relay F5-11 to operate. One group of contacts of F5-11
(2, 3) is used to actuate relay P2-5 of the magnetron frequency change mechanism. Anoth—
er group of the contacts (5, 6} breaks the circuit which delivers a start pulse to

i unit 20K-3, because of which the receiver becomes cubt off.,

When operating, relay P2-5 performs self-locking through contacts 1 and 2 and

! through group Kl2-1. The interlocking circuit remains effective until the magnetron
frequency chenge mechanism performs a certain angle., After the mechanism has performed
the complete angle required for the freguency change, this group of contacts remeves

i 2 voltage of +27 v from relay F2-5 to switch the motor into the dynamic braking con—

¢ dition. ’

.— In addition to the above-mentioned contact groups, the magnetron frequency change
zechanism has twe more groups of contacts KlI2-2 which switch off the transmitter and
stop the klystron electromechanical search during the change of the magnetron frequen-
¢y, and alsc a group of contacts (KI2-3) which dictate the direction for the Jl2z2-2

'_ ¥lystron electromechanical search. o

' The directional-search contact group (HI2-3) consists of two normally open and two
normally closed contacts. Depending on the directinon in which the magnetron frequency
is changed during switching to a new fregquency of the program, either one or the other
group of contacts functions, breaking or e¢losing the circuit which switches on electro-

' mechanical search relay P22-2.

As a result, the search is oriented in the proper direction prior to the switching-
on of the trapsmitter (i.e., at the time wher the transmitter is tuned to the new fre-
quency of the program).

In the mode of manual fregquency control without switching on the high wvoltage,
the voitase of +27 V is supplied through contacts 3 and 5 of relay P7-1 to relay P22-4.
Relay P22-4 opevates, and the control grid of tube F27-7 of the servo~amplifier gets
sonnected through contacts % and 11 to follow-up poteantiometer R23~1 to which a nega-
tive voltage is supplied through contacts 2 and 9 of relay P22-4. The error signal
taken from potentiometer R23-1 sets the klysiron to the middle point of search and
holde it there.

Iz the mode of manual frequency control, contaets 7 and 12 of relay P22-4 switch
the klystron repeller from the output of the automatic frequency control circult to
resistor R7-11 FREQUENCY (Y4CTOTA) which sets the required frequency of the klystron

| within the generation range.

(9

In the mode of manusl frequency change, when knob FREQUENCY CHANGE (K5~2 on unit
2lk~6) is depressed, cspascitor C5-1 is connected to divider H5-1, R6~4, which has juat
been formed up, and starts being charged. The charge current flows through the coll of
relay P5-11. The reiay operates and the change of the magnetron frequency is effected
in the same way &s ib the automatic mode.

In the AFC SEARCH (IOECE AY) mode, resistor R22-14 is grounded through switch
B7-7. In this case, the negative voltage of -300 V on the control grid of tube N26~7
. decreases, the tube starts conducting and causes relay F22=1 to operate. The relay
contacts connect the control winding of the klystron frequency change motor to the free-
quency search cirecuit. The AFC SEARCH mode is required for monitoring the operation
of the search circuit without switching on the high voltage.
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YIT, YECETYING CHANNEL
A, PUEEDIE

The receiving chennel is designed for converting the signals reflected from the
target apd recelvaed by the anternna into the intermediste~frequency pulsea, for ampiil-
fyiog and converting them into target video pulses,

B, HAUW PECENICAT CHARACTERISTICS

tode ol the umprotected cutpud of unit 21E-3 is 14 to 26 V.
f2) o noine level at the unprotected output of unit 2IK-3 (with the AGC operat~ |
hf h
wplitde of the lock-on range pulses is not legs than 55 V.,

., JHATHEL COMPOSITION

The chamasl iz couposed ofs
o} radd Qw‘“egAsncy reed {in unit 2BK-22);
L) intermediate-frequency preamplifier (IFPA, assembly 2406[ in unit 2nK522),
J 30-FHz intevmediate~frequency amplifier (IFA-30) with a detector at its out-
ks (a&aemb“y N5 in unit 2XE-3);
&) vides amplifier with cathode followers (assembly 631 in unit 2KE-3);

e) the recepition keyer and lock-or range pulse generator_(assembly 8n3f in
unis 20K-3)3 '

{#) peize suiomaiic gain control circuit (essembly 930 in unit 2RE-3);

() puize sutomaiic gsin coatrol circuit (mesembly 1908 in unit 2HE~3);

{i) wefarense pulsne shayiﬁg ecirenit (in wnit 2LE-3);

{5} Jeming resording cireuit (assembly 1813L in unit 2HK-3).

L DUSCRTRFEIOH OF FONGCGLIORAL DIAGRAN

b oap
oy Eae Tuos

gf vhe radio-rosgnensy puiseg reflected from targets_lnto the iptermediate-frequency

s

footed with the aid »f the radio-frecuency hesd. The intermediate-fregnu-
ency vulses axe suprlisd Ivowm the radio~frequency head to the balanced input of the
iotermedlate-frecuency presmpiifier (assewbly 2876N). The balanced circuit of the
intermediate~Sreguency preapplifier inpub mekes it possible to decrease the local
paailletor neise zt the IFPA input and to Amprove thereby the sensitivity of the
recedver in couparison with the ordinary cirecuit, Besides, to exclude the passage of
the btrapspithaed pulse, the IFPA is cut off by the start pulse arriving from unit 242,

In whe rco’ibration mode, relay P22-5 (in unit 2JK-22) operates, breaking the
cireuits thalt delivevs sbe stsrt pulsze to the IFPA, snd the transmitted pulse needed
oz salibravion pseses into the receiving chaonel.

srom the LFPA oubput, the intermediate~frequency pulses are supplied through
corrigl csble 61 %o the inpubt of the intermediate~frequency amplifier (assembly 1116),
T szpembly 106, She intermediabe~Ifrequency pulses are amplified, converted ints
Tidee yulzess, =ad then supplied %o the input of the video amplifier (sssembly 6IT313.
From the owbopah of sssembly O3, the target video pulses are supplied to the range
wnit (ZHE-13) %0 be spplied there to the jamming recording circuit (assembly 18031),
nrise AGG ciroult (sesewbly 9NM3M), to one of the imputs of the coincidence

valzes is 3

o The

siveuis (assembly SN3L) smd to Yhe delay channel (assembly #13L, Hz3-3, assemblies
SCE, 403, Hadwb, 393-5),
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The intermediate-frequency smplifier (assembly 1M16) is constantly cut off through
the control grids of the first four stages. by a negabtive voltage of 8 to 12 V taken
from the anode of reception keyer I8-1 (assembly 8M3M). The IFA-30 is made conductive
for the time of noise paseage and for the time of reception by the keyer pulaes: by
the first pulse of a 10-nps &uration - for the passage of the noise necessary for ope- |
ration of the noise AGC circuit; by the second pulse of a 65 ;5—#5 duration - for the
time of reception (see Fig. 12 for the disgram of time relationship). Te maeke the
IFA-30 conductive for the time of passage of the noise pulse, e negative
pulse from the master blocking escillator (assembly 3C8) is applied to the input of
the keyer (assembly 8MI3L). To make the IFA-30 conductive for the time of reception by |
the radar, spplied %o the input of the keyer are the negative gate pulsea from the
gate pulse multivibrator circuit (assembly 2C08) which is started by the start pulse |
delayed by variable deley line N3 %-7, This delsy ie needed for suppreseing the trans-
mitted pulse which hes passed through the IFFA,

For redﬁcing the range of veriation of the locked-on target signal amplitude at
the oﬁtput of the receiving chennel, provigion is made for selected-target pulse aubo-
matic gain control which influences the grids of the first four tubes of assembly 1I6.}

The selected~-target pulse is supplied from the range selector through coaxial
cable 64 to the selacted-Garget pulse cathode follower (assenbly 4C8). The selected-
target pulse is widened in assembly #(G8 wund supplied to the pulse AGC circuit (assemb~
1y 1978). The control tube of the AGC circuit (119-4) is commutated through its cont-
rol grid by the lock-on range pulse which is shaped by the lock-on range pulse gene-
rator. ]
With the arrivel of the target pulses whose amplitude exceeds 20 V (the threshold |
of the AGC circuit operation), the pulse AGC circuit generates a negative voltage
proportional to the egignal amplitude. This voltage is applied to the grids of the
first four stages of the intermediaste-frequency smplifier (assembly 1I16) where it
mainteins the smplitude of the selected-target pulse at not more than 26 V in case the §
power of the input signals incresses by 50 @B with respect to the threshold of the
AGC circuit operation.

When switch MOC - AGC (FPY - AF¥) of unit EHK-? is in the MGC position, the
IFA~3Z0 amplification is controlled manually with the aid of the manual gain control
circuit (assembly ON3R). In this case, the selected-target pulse cathode follower
{assembly 4C8) ie cut off by the negative voltage supplied from unit 2IE-7, and the
pulse AGC circuit does not operate. The control grid of the manual gain control tube
(19-4 in assembly SM3K) is supplied with a voltage picked off poventiometer E7-12, In
this case, picked off the anode load of J9-4 is a negative voltage which is ap-
plied to the control grids of the first four stages of the IPA-30 (assembly 116),

The reception keyer (assembly 8I12L), the pulse AGC circuit (assembly 1918) end
the manual gain control circuit (assembly 9113L) use a common load. The maintenance of
a certair level of ncise at the output of the receiving channel is effected by the
noige AGC circuit (assembly 9I131) which stabilizes the amplification factor of the
intermediste~frequency preamplifying stegea. Applied to one of the inpute of the
noise AGC circuit is the poise from the output of the video amplifier (assembly 6m3l),
and applied to its other input are the poaitive pulses of the blocking oscillator.

If the neise pulse coincides with the blocking oscillator pulse, the output of the
circuit produces a negative voltage proportional to the soplitude of the noise at the
output of the video amplifiex (assswbly 6M31). This negetive controlling voltage of
the noise AGC circuit is supplied to the IFPA (assembly 241161 of wnit 2RK-22) to
meintain the noimse level at the rsceiving channel output at 10 2 V. Operation of
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 the noise AGC circuit depends ocn a noise pulse of a duration of not less then 10 ns,
vhich leads the start pulse by 20 +4 ﬁs. thereby preventing the target pulses from

L getting into the region of the noise pulse. o

] For checking the serviceability of the radar with the aid of its monitoring sys-
| tem, unit 2[EK-3 is provided with a monitoring pulse shaping circuit,

i If relay P5-12 in unit{ 2lE-5 operates (the monitoring mode), a start pulse fronm
b unit 242 and a reference voltage from unit 2LE-10C are spplied to the test pulse shap-
] ing circuit, This circuit shapes two negative test pulses modulated by frequency rsc
i end supplied to video amplifier €II3L and through the protection circuit to the auto-
- matic lock-on devices and to the indic¢cation channel.

i A change of the magnetron frequency is effected when the jemming recording cir-
| cuit (assembly 1813%) located in unit 2EE-3 is brought into operation by the delibe-
rate noise interference supplied %o ite input from assembly 63X (unit 20K-3). In this
I case, relay P5-11 in unit 2RE-5 functions and bresks the circuit which delivers the

| start pulse to unit 2MK-3, cutting off the IFA-30 for the time of reception.

In order to prevent the automatic lock-on devices end the Jamming recording cir-
[ cuit from being operated by the pulses reflected from the ground these pulses are

i gated by the lock-cn renge pulses, The lock-on resnge pulses are sheped by the lock-on
| range pulse generator located in assembly SII3K of unit 20K-3 and started by the start
. pulse, ‘

] The duration of the lock-on range pulse can be adjusted within the limits from

| 6- 12 ps to not leas than 45 ps by means of potentiometer LOCE-ON RARGE (EANBH, 3AXB.,)
| installed in unit 21E-6. '
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VIII., INDICATION AND IDENTIFICATICN CHANNEL

A. PURPOSE

The indicetion and identification channel is designed for determining the posi-
tion of the target with respect to the aircraft flight axis in the. antenna scanned
area, for displaying the process of directing the antenna to the selected target with
the aid of the antenna-positioning mark, as well as for determining the national iden-
tity of the target with the aid of identification set CF30-2.

The indicetion channel provides:

(a) determination of the target space position:

~ in the scanning mode, the target range is determined within distances from O
to 10 km; the direction to the target with respect to the scanning exis and the angle
between the scanning axis and the direction to the target are determlned with the aid
of zone marks;

~ in the tracking mode, the target rsnge iz determined within the same dist-
ances as in the scanning mode; the aszimuth and the tilt of the locked-on target are
determined with the aid of the sntenna head position mark;

(b) displey of the identificstion signals from set CP30-2;

(c) determination of the target lock-on range;

(4) indication of the locked-on target;

(e) generation of the hostile target pulses and of the +230-V voltage {when a
hostile target is locked on) to be sent to the automstic antenna-positioning unit
(2IK-29};

(£) display of the process of directing the sntenna to the selected target in
the mode of manual antenna positioning with the aid of the antemna-positioning mark.

The appearance of the indicator screen in the scanning mode and in the target
lock-on and tracking mode is shown in Figs 5 and 8.

B. MAIN TECHNICAL CHARAGTERISTICS

(a) The ramge resolution is not worse than 250 m,

(b) The permissible error in determination of range should not exceed 450 m at
distances from 400 to 4500 m and 10 per cent of the range st distances from 4500
to 10,000 m.

{¢) The error in determination of the ezimuth and tilt of the locked-on target
does not exceed :50 at angles up to:}ﬁo and 15 per cent at anglea greater than 35°,

(d) The duration of the zone marks is as follows:

= for zone I -~ no mark available;

- for zone II - & us (600 m);

- for zome III - 10 us (1500 m).

C. CHANNEL COMPOSITION

Houged in unit 20K-1% are the following components:

{a) the circuit for shaping the range sweep voltage, brightening and Bynchronxz-
ing pulses;

(b) the circuit for generating the hostile target signaels in scanning and the
+230-V voltege in locking on the hostile target;

(¢) the zone mark shaping circuit;

(d) the identification mark shaping circuit;
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(e) the locked-on target mark shaping circuit;

() the lock-on range mark shaping circuit;

(g) the mixer of signals and marks.

Housed in unit 2HE-4 are the following components:

(a) the cathode~ray tube (I4~1) with deflection yoke;

{b) the video amplifier-limiter of signals and marks (X4~-2).

Housed in unit 20K~ are the following components:

(a) zone mark commutator Bl-63 -

(b) rotary transformer BT1-3 which serves for producing a radial-circulsr sweep;

(¢) antenna heed position potentiometric pickoffs R1-13, Rl-l4;

(2) locked-on target mark and lock-on range mark commutator Bl-7,

Housed in unit 2IK-6 ie switch B6~3 INTERROGATION (OIFOC).

Boused in connection box 2NE-5 are the following components:

(a) relay P5~15 for coupling the supply to the potentiometric pickoffs of TI-l4
when the aptenna is directed manually; ' -
' (b} relasy PS-14 for switching the deflection coils from the stator windings of oo
he sweep rotary transformer to the potentiometric pickoffa of TI-1A when the antenns i
g directed manuallys

(e) relsy P5-8 for coupling the antenna potentiometric pickoffs to the deflection
toils when the antenna head position is displayed; ‘

{d) relay F5-24 for feeding the +230-V voltage to the automsatic fire control
Hevice of unit 2AEK~-29 when locking on in range,

D, DESCEIPTION OF FUNCTIONAL DIAGRAM

e-~Sweep, Brightening-Pulge

and_ Synchronizing-Pulse Shaping Circuit
‘ The aweep triggering pulse arriving from unit 2JE-~-3 (assembly 4C8) triggers the
bweep driven multivibrator (J13-1) through the buffer stage (1/2 of I13-2).

The positive pulse of the multivibrator is suppliedé through the phase—mverter
tage (813-6) to the trapezoidal-voltage generator (1/2 of I13-2) to start it. The
penerator generates a trapezoidal pulse_wh:.ch is supplied to the two-stage amplifier
(1/2 of A13-3 and J13-4) and from the output of the latter the pulse, in the positive
lar:i.ty,\ is applied tc the circuit of sawbooth current generator I13-5. Connected
into the ancode circuit of the current generator is the primary winding of matc¢hing
fransformer Tpl3-3, '

; The secondary winding of the transformer is connected across the winding of the
B1-3 rotery transformer rotor mechanically coupled with the 2EK-1l reflector rotation
axle with a gear ratio of 1 : 1. ) '

The stator windings of rotary tramasformer ET1-3 gre connected through the normal-
3 closed contacts of relays P5-14 and P5-8 in connection box 2IE-5 to the vertical

md horizontal coils (I4-4) of the deflection yoke of indicator 2E-4,

As the antenna reflector rotates, renge-sweep sawtooth currente flow through the
Betlection ¢coila, These currents are modulated in amplitude by sinusoidal and cosinu-
1 envelopes at the frequency of the sntenna reflector rotation., In this case, the
_énge sweep line rotates round the centre of the indicator screen in synchronism with
the antenna reflector rotation.

. For stabilizing the range sweep, the circuit uses a deep voltage feedback, The
Feedback voltege is picked off potentiometer R13-53 SWEEP AMPLITUDE (AMnI, FA3B,) and
Jupplied through the cathode follower (1/2 of HI13-8) to the circuit of the amplifier
tiret stage (1/2 of 113-3). '




Bince the range-sweep voltage is applied across the deflection coils through
the rotary transformer, its direct voltage (current) component disappears., Therefore,
the sweep line rotates not round its beginning but round the point corresponding to
the passage of the sweep current through the zero value., In order to bring the begin-
ning of radiation by the trensmitter and that of C-R tube brightening into coincid-
ence with this peint, they should be delayed with respect to the beginning of the
sweep for a certain time which is determined by the recurrence frequency and the du-
ration of the sweep. The delay and the shaping of the synchronizing pulses and the
brightening pulses are effected as follows.

The positive pulse of the range sweep multivibrator (A13-1) is supplied through
the phase-inverter stage (l13-6) to the sawtooth voltage generator (1/2 of I13-7),
Irom which the sawtooth voltage is applied to the éompariaon stege (1/2 of I13-7),

The comparison stage shapes a negative brightening pulse delayed with respect to the
sweep starting pulae, The value of the brightening-pulse delay with respect to the
beginning of the sweep is set by means of adjusting knob SWEEP ZERO (HYIb PA3B.) end
is spproximately equal to 20 jas. ‘

The brightening pulse is smplified by the amplifier (1/2 of I13-8) and supplied, |
in the positive polarity, through the cathode follower (1/2 of §13-9) to the grid of
the cathode~ray tube (J4-1 in unit 2E-4) to brighten the tube for the time of the
sweep forward motion, starting from the instant when the sweep passes through the
.centre of the screen. In order that the value of the brightening pulse delay with
respect to the sweep triggering pulse will change sutomatically with the change of
the repetition frequency, the sawtcoth voltage generator is supplied from the integ-
rator (A13-26) whose direct output voltage varies with variestion of the sweep on-off
time ratio. The variation of the integrator direct voltage results in a change of the
sewtooth voltage steepness, which causes a change of the brightening pulse delay. "

Yor sheping synchronizing pulses (transmitter triggering pulses), use is made of
the front edge of the brightening pulse which is supplied through a differentiating
network (C13-19, R13-46) for triggering the synchronizing pulse generator (1/2 of
113-9 and 1/2 of A13-10). The generator shapes positive synchronizing pulses which
are spupplied through the cathode follower (1/2 of 113-10) to unit 2A2 to trigger the
submodulator synchronizing pulse amplifier, )

Besides, picked off the synchronizing pulse generator through the cathode follow= |
er (1/2 of R13-18) and the contacts of relay P13-2 is the pulse to trigger set CP30-2, i

Zone Murk Shapirg Circuit

Indication of the target sngular position in the mode of scanning is effected
with the aid of zone marks which are located behind the target marks and are of the _
shape of narrow dashes. The entire scanned area is divided into three zomes (Fig, 13),
When the target passes through the first zone, there is no mark behind the target mark,
The duration of the aecond-zone mark is 4 ms (600 m), and that of the third-zone mark
is 10 pus (1500 m), Shaping of the zone marks is effected in the following way.

Papckets of target pulses from the outpubt of receiving unit 2IK-3 (assembly 2C8)
are supplied to unit 2IK-13 to be applied to the storage circuit through the minimum
end mesximum limiter. The storage cirewit (1/2 of N13-14) utilizes each packet of
target pulsee (the number of pulses in a packet varies from & to 25) to shape a wide
positive pulse whose duration is equal to that of the pecket. Through the applifier
( 1/2 of 113-14), this pulse triggers the sawtooth voltsge generator (1/2 of A13-15)
whose sewtooth pulse is applied to the grid of the normally cut-off tube {1/2 of
d13-15) of the comparison stage. Picked off the compariscn -stage is a negative pulse
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which is shifted with respect to the first pulse of the packet by % to 5 pulses. This {
pulge is differentiated and, now in the form of a negative~polarity l-us duration _
gete pulse, is applied te the comparison circuit (1/2 of H13-16). Applied to the same
circuit are the target pulses which are picked off the divider located in the locked-
on target eignal suppression stage. Wnile the gate pulse is effective, the target
video pulses pass from the coincidence circuit through the amplifier (1/2 of E13-12)
for triggering the multivibrater (1/2 of I13-12 snd J13-13) which generates zone mark |
pulses delayed with respect to the first pulse of the packet by 3 to 5 pulses. The
duration of the zone marks is determined by the velue of the positive voltage on the
firat anode of the multivibrator. This veltage is picked off zone merk commutator
Bl-5 located in unit 20K-1 and mechanically coupled with %he mechanism of reflectoer
deflection. When the antenna illuminates the first zone, the chassis potential is
applied %o the multivibrator enode, with no marks being produced.

In the second zone, the commutsted voltage is egual to +120 ¥V, the duration of
the marks being 4;&5. In the third zone, the commutated veltage amounts o 300 ¥, and |
the duretion of the marks to 10 ms. :

From the second srode of the mmltivibrator, the merks are supplied to the signal
snd mark mixer (I1%-19) where they are mixed with the terget and identification marks
arviving from the identification pulse shaping cireuwit, and with the lock-on range
pulses. From the mixer, the signals snd marke come Yo the input of the video ampiifierd
limiter {I8-2) located in wnit 2NE-4 where they sre limited in the maximum, amplified
and then sent in the negstive polarity to the cathode of the cathode~ray tube
to modulate the electron beam im brightness.

Circuit for Shsping Tocked-On Target Maxk

and,_Lock-On Bange Mark =

In cnse of angulsr lockwon, sll the targets within the ares scanned by the entenng
are displayed on the indicator scresn in the form of solid rings. The locksed-on targef
mark is represented by a ring broken by three unbrightened arce (Fig, 14). This mexk '
is shaped in the following way. When the target is locked on in vange, lock-on indica~
tion pulses coinciding in time with the locked-on target pulses are suppiied from unit 4
21E~-11 %o the commbabing stage {1/2 of J13-i8) througk deley line Jial3-3. From the
output of the commutabing stege, the lock-on indication pulees are supplied To the
loeked-on Htarget auppression circuit (J13~17). &lso supplied to this circuit are the
target pulses from unit ZAE-3. In this case, the locked-on target signals are suppres-)
gssd by the lock~on indication pulses and do not pass to the mixer, The commubating i
ehage ie cut off by the voltage of ~150 V three times for the period of ome revolubion |
of commutatcr Bl-7 mechanically coupled with the reflector rotation axle, with the
lock-on indicgtion pulses being not applied to the suppression circuit, and the locked
on Usrget signals passing tc the mixer. ﬁ

The lock-on range mark makes it puzsible %o determine the ruange of locking on the §
targets with tha aid of the indicator screen. For triggering the cirenit, use ig made
of the trailing edge of the lock~on resnge pulse shaped in uni% 2UE-3 {apsembly BI3E).
This pulse is applied %o the differentiating stage {1/2 of H13-11) %o trigger, by
meens of its trailing edge, the blocking oscillater {1/2 of I13-11) at such mcuents
when the ground potential is spplied to the differentiating stage with the aid of
comtmtator Bl-7. The comwtator ring used for this purpese hae s conductive section
of 5000, therefere the lock-on renge pulse mark is represented by a ring with an un-
brightened section of 50°.
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The lock-on range mark pulses are then supplied to the signel snd mark mixer
(m3-19).

Identification Mark Shaping Circuit

The identification marks located behind the target marks and differing from them ;
by a greater duration (about 2 us) are used for determining the national identity of
the target. For this purpose, radar NPC-3 is coupled with set CP30-2.

Control of the identification circuit is effected with the aid of switch INTERRO-:
GATION (OITPOC) BS~3 locabed in the 2HX-6 control panel. When switch B6~3 is set to po- |
sition OF (BEIDY.), +27 V is applied to relay P13-2 located in unit 2RE-13. 1

The relay operates, and the CP30-2 set starting pulses, leading the transmitted
pulses by 0.6 us, are fed from the synchronizing pulse geﬂerator (1/2 of I13-10)
through the cathode follower (1/2 of I13-18) and the contacts of relay F13-2 for
starting the identification set. The identification signals with a duration of
2.5 iO.Sjus are supplied through the contacts of relay P13-2 to the identification
mark shaping circuit in which they are amplified by the two-stage amplifier (1/2 of
I13-24 and 1/2 of I13-23) supplied to the coincidence stage (113-22). Applied to the
game circuit are the target pulses (in the function of key pulses) which are delayed by
3.5 us in the receiving chanuel (in delay line JlIa3-6 of unit 2JK-3). '

The identification pulses are delayed by 5.25 #0.75 ms with respect to the radio
frequency target pulse at the input of the receiver, In order that the target pulses
may coincide in time with the middle of the identification pulses, the target pulses
supplied to the coincidence stage are delayed additionally by 2.5 to 4.7 us in deley
lines Jal%-1 and Xal3-2, depending upon the position of the slider of variable delay
line I313-2, S

The use of the variable delay line is dictated by the necesaity to compensaté
poasible deviatiocns of the rated persmeters of the delay lines in units 2J§K~3 and
ZiiZ=13% and possible deviations of the identification pulse delay with respect to the
target pulises (5.25 :pe?Ejus). The moment the barget pulses coincide with the identifi-
cation pulses s nagative pulse is picked off the coincidence stage. It is differen~
tiated and integrated by the network of A13~10, C13-72, 313—169, R13-171, and is ap-
plied to the output stage {I13-23) to be smplified snd then supplied in the positive
polarity to the miwer (Ii3-1G),

Since the btarget pulsmes erve appiied to the wixer without delsay, the identifica~
tion murks ave obsmerved cu whe indicabor smereen behind the target marks.

When the targets are located st greast distenmces, the amplitude of the target
pulses may be insufficient for operation of the coinmcidence circuit, In this case,
switch B6~3 is to be set to positicn LONGER BANGE {[1OBHD. JALbH,), and instead of the
target pulses the chassis potential is applied to the coincidence stage. The identifi-
cation signals therewith pess through the coincideuce stzge without being selected by 1
the target pulses,

Circuit for Generating Hostile Target Pulses

and Voltage of +23%0 V in Locking On Hostile Targets

When the radar operates in the mode of automatic positioning of the antenna,
only hostile target pulses should be sent %o the automatic anterna-positioning chaunel,
which excludes the possibility of directing the antenna to friendly airecraft.

Therefore, the target signals are supplied to the antomatic sntenna-positioning
unit through the hostile target gignsl generating circuit, the operation of vhich is
described bvelow.
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] The target signals from the outpni of receiver 2LK-3 {assembly 2C8) come through
'elay line Jla 13-1 and the phase inverter (1/2 of I13-21) to the input of the friendly
terget suppression stage (A13-20). Applied to the other inpub of this stsge are the
identification pulses from the identification pulse emplifier {1/2 of I13-23), If
there are friendly target pulses in the chanmel, they are suppressed by the identifi-
jcation pulses, The hostile target puises are supplied through the cathode follower
(1/2 of J13%-21) to sutomatic antenna-positioning unit 2RE~29 where they are applied to
ooincidence circuits I29-4 and A29-20.

When the target is locked on, the hostile target pulmes start arriving at the
finpus of the +2%0-V generating circuit (I1%-25} continuously ratber than in packets.
rIn the grid circuit of the desector (1/2 of H13~25), the pulses are rectified to set
up a control voltage which is applied to the electronic relay (1/2 of A13-25, Fl3-4).
e relay operates and i%ts cortacts connect the cireuit which supplies +230 V to the
mtomatic fire coatrel device of unit 20K-29 (I29-2%4) through the winding of relay
iP5-17.

Antenna-Fositioning Mark Clirouil

; The antenna-positioning maxrk is observed om the indicator screen in the form of
‘ fya luminous dot and serves for direcbting the sntenna head %o the target in the mede of
1 fnanual sntenna posgitioning.
Used as snbenna-positioning merk pickeffs sve the potentiometers of the TN-1A
icontrol panel, which are linked with the aziwuth and t1ilt axles of the hendle.
i Since there is selsyn coupling bebtween T-14 and the sntenns head, the coordi-~
nates generated by the pobentiomebric pickeffs will represent the coordinates of
Fieflection of the entenna head from its position im scenning.
In the mods of manual anternna positioning., the voliage of +27 ¥V is applied to the

bvindings of reliays P5-ii and P5-15. The velays cperate, The sonbachs of relay P5-1% feed
fthe voltage of the aircralt 5
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~P5-14L switchea vertic and coils Td~b f:*’a? tha
of entenna Tebary transfarmw
fof TN-14. Direct currents at

liirection depending on the valve ard direction of the dstisetion of the TM-14 control

: 8%
uth snd $il% potentiowmebtric pick
the deflesction coils, thelr walue sad

fpenel snd haodles in azimu imdicabher screen therewith stops displeying

&
e fouy oo autenna~positioning mark in the

the radiel~cipoular awesp whi X
:ahape of 8 luminous dot. This mark is %o be broughi from the centre of the screern in
fthe dirzction of the targseb, S.e.
fscale of vhe indicator im leidcd Wy whree dsshed cireular lines into the three zones:
jlone I, Zone II, end Zone LTI,

: In case She Sarmet is locked on in range, Lue circuit supplying the +27-V voltage
fin the msnual snbenne-puziticning mode is dissconneshed from ralays PS-14 spnd P5-15.

The relays get de-energized snd the indicstor scraen stops displaying the antenna-
bpositioning merk and sterts displaying tbe radisl-cirsular sweep.

% the zone in which the target is situated. The

Shaping of Antewuns Heasd Pogition Mark

1 The sntenna head position mark is observed ow %the indicator screen in the form of
a juninous dot and serves for indicating the antenna bead position in azimuth and %ilt
j:Ln the mode of target tracking, i.e., for indicating the position of the locked-on
f‘:arget with respect to the sircraft Ilight axie, as w2ll as for monitoring the shift®
ot the zones with knob IN’)ICA TON ON ( BRN. VHUMK. ) depressed (Fig. 14).

43

};
L




Sweep Friggering pulses
71

I~4ps [==
I —

SWEEP pulses

:
3

. v
) e Brightening pulses
l 0pms
5{? TP
l Syrnchronizing pulses
Z0pes ] | 7!
1= !
4 S
V/ IR 7 -
A B G D -graphs of volfages in the sweep brightening
and Synchronizing pulse shaping circuit
Packers o fmyef pulses if Jcannln‘y
[ﬂS
T Wl L0 '
5 Pulses 7 ,zo;;e V7 ‘“?5 =
e, ol = J4pMS in zone &
F é’@fl'é: 25”33 I'q,u: in zone [
£,F- gf’a'pﬁs o7 voliages in the zone mark shaping circuit
Lock-on range pulses |
. F}M?i?; 5 o ",’:;S %ﬁ-‘ ﬁ o i Y AR L T RCTRIS
G |45, S \ ! o
L ock-0n range rmark pulses
I0-45us KOS5 pS
ﬁa Y et oo y ‘, = 7- i
.
6 H- y/'a'p/ﬁf 07" volfa ﬂﬁ&y iz /ac/(’~on range mark
pulse shaping circuif
F s " Lock-on Jnafic'af/on pulses l\
- : =
23,
R a5 ps Target pulses /\
J P4 E .
k) ; Tdentrfication pulsés
—}a—->‘—-s—-— T7 P
. R -

1,Jd, K-graphs showing the fime relationskiy S
the lock-on indicarion, farge? and identification

pulses

FIG. 15. DIAGRAM OF TIME RELATIONSHIP
BETWEEN PULSES IN UNIT 2JIK-13




For determining the numerical value of the antenna head azimuth and tilt, use is
| nade of potentiometric pickoffs Rl-13 and Rl-14 which are coupled with the axles of

| the antenna head rotation in azimuth and tilt, When knobd INDICATION ON of unit 2UH=-4.
| is depressed, the voltage of +27 V is applied to potentiometric pickoffs R1-13 and

' Bl-14 located on the antenna and relsy F5-8.

As a result, potentiometric pickéffs_Rl-l} and Bl-14 get connected to deflection
 coils L4-4 through the contacts of relay P5-8, The indicator screen starts displaying

| a mark in the form of a luminous dot whose azimuth and tilt coordinates correspond to
| the antenna head position.




