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LIST OF ABBREVIATIONS USED IN THE TEXT

(TRANSLITERATED CYRILLIC)

attenuator

renge automatic lock-on
sutomatic lock-on

klystron AFC

AGC

automatic tracking
elevavion I-F amplifier current balance in
ranging system

aircraft circuit

switch, toggle

vibrapack

radio frequency

monitor jack on unit escutcheon
alr-tight lead, inlet, ‘bushing
reference voltage generator
diode, target pulse delay relative to transmltter
trigger pulse
lock-on maximum range

end-of -search range

"launch zone maximum range

launch zone minimum range
start-of-search range

scanning meximum range

dengerous closing renge

alrspeed data unit

choke coil

ranging system

locked-on beam

launch zone

induction coil

measuring instrument

monitoring point within a unit; receivlng channal
sensitivity

contact terminal

button or knob

limit switch i
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left half of tube..
Lz delay line
IN incandescent light (signal 1ight)
NL neon light '
MB - mechanical blocking
MU - magnetic amplifier
0o . ‘ - heating
"0" mode - scanning mode
"0" display  -"break off" display
0K deflecting coil !
p switch, block, plate
"P" light interference indicator light
"P" display interference display
Pr . fuse
Pr.lf2 L right balf of tube...
PUPCR I-F preamplifier
R relay
RD pressure data unit :
RRChK klystron manual frequency control
Sn selsyn 9
SP interference tracking
T g tempersture control, adder circuit adding factor,
pulse repitition rate
79 ‘pulse repetition rate in scan mode
T19 pulse repetition rate in alming mode
T30 scanning rate
16 tach generator
Tr transformer
U povwer supply
ultrasonic delay line
UPT A, dc amplifier for azimuth, elevation, tilt,
feedback &
I-F amplifier [normally UPCh]
radlo frequency plug
plug connector
automatic gain stabilization (AGS) or
sensitivity time control (SIC)
electromagnet
electric drive

2
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(LATIN, GREEK, AND MISCELLANEOUS)

L pulse maximum power
wvavelength
operational wavelength
resistor
- characteristic lmpedance
coefficient of total secondary emission
time corresponding to transmitter triggering

noise factor
pulse duration corresponding to end of search
phantastron pulse dur&tion corresponding
to end of tracking { '
pulse duration corresponding to start of
search
range-sweep-intensity pulse duration, range
swedp duration in scanning mode
- range-sweep-intensity pulse duration in
aiming mode
-, range sweep duration in siming mode

- R-F pulse duration in scan
« = R-F pulse duration in automatic tracking
- wide-gate noise pulse duretion
- input voltage
- maximum-range voltage, depending on ciosing

4 speéd and flight altitude
- minimun-range voltage, depending on closing speed

- voltage corresponding to present flight aititude

- volt?ge at stabilizer output

- voltage corresponding to speed of closing -ith
tar&et
- maxigum-range voltage at zero c¢losing specd
- nind) -range vbltage at zero closing speed
C - Jump{vpltage
- voltage corresponding to middle line
- volthge correspbnding to lower line

- voldage corresponding‘te upper line

magn tude amplifier winding; electromagnetic wirding
- ‘waveguide impedancn

- perantage modulation of ﬁarget video pulses
: ¥ 73‘ ' ,
| - ‘s-s-c-;n-z-mg.‘ ‘
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- aircraft bank angle
extreme left position of antenna on a line
extreme right posifion ‘of antenne on a line
capacitor !
electrie field strengthi
tube blocking voltage

voltage incremeht
local oscillator frequency
magnetron operating frequency

IF

resonant frequency

reflected signal frequency

pass band

flight altitude; magnetic field strength
maximum flight altitude

current of load ’

current across gas stabilizer

primary electron current

secondary electron current

) - increase oﬁ current flowing through half a tube
- inductance
- pulse power
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PART QONE
OPEhATING PRINCIPLS OF THS R-2L,
DESIGN AHD LAYQUT O ATRCRAFT

2

Chapter One
PURPOSE, OPERATING PRINCIPLE, AND BASIC
TACTICAL-FSCHNICAL DATA O THS R-2L

Section 1. Purvnose and Brief Information on Operation of Llu Al Topset
Intercention Comwlex

4 .
1 {
The R-2L airborne radar is desirned to function in & complei of e-
quipment for intercepting air targets on a Cightar-intercepbowr.

Regardless of visibility, the ra
scanning of spaca in the forwerd hemisx:
Inuth, elavation, and up to Dob with res
tic target lock~on and antomatic tarset
lar coordlnates and ranze; c.  tarzet dis
modes (automatic tracking) on the same 2lectronic iﬂil‘““

Ing eand Tiring of hoaing missiles; e. an "otvorot" (bre;; off) ui

nal for denjerovs closing ranze; £, auborabic colewlation anl Hrensz-

misslon to indicator of possible Iiring zone depsniing on altitiic end
a

dax provides for: a.
szhere sector with reap
2et to range; b.
C~P3n\ with respe
,.

P2
i

5P

55
£
T
closing speed; . operation in the presence of randon pulse noisz in
both scanning enl aubomatic traciing moles, and operation in the pre-
ence of passive noise directed toward the interceptor in the lock-on
and automatic traciing mode; h. siznallins the presence of saoobh
noise interference and, after suitchover o noise operatin* rnodz; in-
dicating and automatic tracking of the gowrce of smooth nolse inter-
ference with raspect to anzular coordinztes; 1. autometic sultchover
to scanning mode when sowrce of smooth noize interference ceasos to op-~
erate; J. eaubomatlc photography of the indicator sereen in fli_nt.

The system complex for alr-tar:et inbereention is desi=med for the
déstruction of enamy aireraft. The squipaent in the comple:r provides
for day ani nizht all-veather combat activity.

Dependin; on tarzet gltitude and spead the complex provides for in-
terception and destruction of a tarzet at verious ranges from the instal-
lation being provected.

6
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Section 2. Qperation During Air-Tar-et Iatercaption

At the moment' the interceptor 1s at distance Dob (scennin: ranze)
from target, the pilot concentrates his attention on the rader indica-
tor. The indicoior provides for hizh intensity of mariers on the screen
and facilitates detection end clear vigibility of a target,

To monitor rasar operation andi prilot function, equipment for photo-
graphing the iniicgtor Sereen starts wp as radiation of sownding rwlges
into space be:rins.: In the scanning wode dhe indicetor sercen iz photo--
graphed at the raté of a frame every 2.5 seconds.

In scanning mode the radar beam covers the forvard hemisphore Tor
azimuth with threejequal lings (upper, niddle, lower),

| ' . . c
From the noneit a terget pip is observed the alveraft is piloted in
accordance with the radar seracnm (£1z. 2).

The antenna ani, hence the scannin: zone ave stebilized with re-
R R 2 J -, o
spect to tilt within the limits plus or ninus 7C°,

Tilt-stebilization of the anbenna nrevents loss of ta
bank enzles. Durink closing, when the interceptor~to-t:r;e !
becomes equal to D (lock-on maximun ransed, the tarcet mario-
indicator enters %ie rectangle on the it filter,

From this monent the target cen be locked on for eutomatic traci-
ing, for which purpose the pilot presses the "Zakhyat" (Toci on) vutten
on the aircraft control handle and holds it until target lock-on,

get lock-on and the "Zakhvat! button cen be released, From the nonent
of lock-on the rader 1s on autonmatic target trecking by anzle and ren-
on the indicetor secreen the pllot sees the "bird" with centes mark’’
marker”), two range maris symetically situated relative to tha "narkey"
and tvo shaded arees on the "bird" -- the zones of pernissible firing
(fig. 3). The position of the center mark on the indicator seresn de-
fines the position of the terzet in spece,

&

The appearance of the "bird" on the indicator screen significs tar-

The distence between the center marx and either range mavl: shows
the renge to tarist. For & suceessful attack the Pllot, while closing,
flies the plane so thet the center nerk on the "bird" (or the ecvoschair
of the aininy sveep) does not go beyond the limits of the gnell cirels
on the indicator sereen,

8-E-C-R-E-T
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The posltion of the aireraft with respact to a bank, in both scanning
and aiming modes is not shown on the indicator screen since the nizh in-
tensity of the markers enables the pllot to glance away from the lndicator
to look at the horizon instrument. ‘

A missile con be leunched at any instant durlng the time the range
markers are in the permissible firing zones with the special sisnal com-
ing in; to fire the pilot presses the "pusk” (fire) button on the aireraft
control lever.

When closing with the target ab ranze Dgp o (dangerous closing range)
the order to texminate the atteck is signaled by the "0" (brezk-off) light
on the indicator.

If necessary %o drop the target the pilot presses the "Shros! (break-

off) button and the radar goes on scanning mode.

Section 3. Radar Operdtion Under Interlerence Conditions

‘a) Randon Interlerence §0

Provision is incorporsted in tha radar for suppression of random (it~
erally "non-sychronous"] pulse interference. It dous not show up on the
screen during operation and has no effect on the set's parameters. Hence
the pilot is sinply uneware of whether the interferenze does o» does not
exist.

b) Passive Interference [chaff]

When attackinz a terget which is dropping passive interference into
the rear henisphere the pilot sees on the indicator screen the pips from
the target and froa each cloud of passive interference. Denanding on the
frequency with which the lpbterference is dropped end the speed of the tar-
get, the plps fiom the interference clouds may elide on the screen into &
line diverzent alonz the azimuth (a tail) or mey appeer as discrate pips.
In the overall patiern of markers the former, which is et mauximm range,
1s the target merier.and the aircraft showld be piloted according to that
merxer with respect to azimubh. S '

The rader incorporates provislon for pessive noise supprassion, al-
lowinz lock-on and autometic tracking of a terzet vwhich Is putting out
passive interference. (Closing spesd on the passive interference is con-
siderably greater than closing speed on the target. The principle in-
volved in the suporession of passive interference 1s based on selection

8
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according to speed.

In an attack on a slow-flying target, closing speed on which is high
and which 1s perceived by the redar as passive interference, normal auto-
metic tracking is upset. In this case the pilot can cut off the passive
noise suppression with the togzle switch "Zashchita R-2L ot passivaykh
pormeXh" (R-2L pessive nolse suppression),

¢) Smooth Noise Interference

Tae "P" (pomelha-interference) display on the radar indicebor zhts
up in presence ol smooth noise interference. Thereupon, 1f there is no
target pip the pilot moves the selector switch on the TsD-41UTPH rader
control panel to "Pomekha" position. The radar indicator screen displeys
an artificial tarzet marker characterizing the position of the target
(nolse interference source) with respect to azimuth and elevation. Pre-
sent ranze to target is not indicated. The pilot flies the eircraft ac-
cording to the eziuuth and elevation into the lock-on zone and executes
lock-on procedwre. The position of the "bird" on the indizator screen
in aiming mode corresponds to target position in angular coordinztes. The
zones of possible Aring and the present ranze fo bterget are nob indicated
on the "bird". Firin: is erecuted on cormand from the grouai, During all
of this the "P"'display on the indicetor sereen is on. ¥When the suooth
nolse interfereiace discontinues the radar automatically switchass %o scan-
oing mode; the "P" display goes ouk.

3]
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d)  Ground Noise

Protection of the radar against signals created by reflection from the
ground at low altitudes is ensured by pulse~width suppression of the re-
ceived signals. The radar also provides for protection against pulse noises
created by reflections from the ground and arriving at the receiver during
the second operating cycle. In order to protect the radar against such
slgnals during flishts at low altitudes, the; pllot deactivates the lower

" scanning line by means of the toggle switch marked "Zashchi*a R-2L ot znﬂli"
(protection of the R-2L against ground [nOiSES])

Section I, Make-up of the Radar Set
The radar includes the followlng units and assemblies.

1. Antenna TsD-31TP, which forms a narrow bean and scans the forward
hemisphere or automatically tracks & target in the aiming mode.

2.  Receiver-transmitter unit TsD-32TK, which shapes the pulses which
trigger the magnetron oscillator, generates high-intensity RF pulses,’ pro-
vides for aonversion end preliminary emplification of the received SLA nals,
and automatically maintains a constant interwediaste frequency.

3. Receiver TsD-33, which provides the main amplification of the
received siznals, controls the galn autozatically, modulates the reccived
signals with respect to time, and protects the set against randca noise
in the autonatic tracking mode. . N

4. Indicator TsD-3WTPM, which creates on the screen of a cathode-
ray tube & radar displey of the forward hemisphere zone which is seen by
the antenna. If targets are present when operating in the scanning mode,
the target echos are observed with elevebtion markers "Verkh-Niz" (top -
bottom) in corresponding positions on the screen.

In the ainming moée a "bird" with.present-range mafkers appears on the
sereen of the indicatér. The position of the "bird" on the screen corres-
ponds to the elevation end ezimuth of the tracked target.

5. Sweep unit TgD- k6, which shapes the sawtooth currents for the
range sweep and a21muthal sweep In the scanning wose, as well as the range
sweep, azimuthal sweep and elevation sweep in the alming mode; the unit
creates a peruissible:firing zone which is pr0portional to the closing speed
with the target end the flight altitide of the interceptor.

6. Unit TsD-36 for shapinz synchronizing pulses and "Verkh-liiz"

(top - botton) merkers, whick shapes trigeer pulses for the receiver, trans-
mitter, and "Verkh-Liz" warkers correspondlng to the position of the target
in space with respect to elevation in the scenning mode.

7. Renge unit TsD-37, which provides for search and tracking of tar-
gets with Tespect O range, protects the set asainst passive-ECi, snd generstes
Dy 8nd n . voltages which are dependent upon the closing spced wiv h the
target and e flight altitude of the intergeptor.

8.  Power supply unit TsD-38, which supplies the entire set with the
following rectified and stabilized voltages: +300 v; 4250; 4150 v; -230 v.

3
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9. Antemna control unit TsD-MOTK, which controls the ezimuthal and
elevation movements of the antemna reflector through the ‘magnetic anplifiers
of unit TsD-LLTP.

10. Control panel TsD-U1UTPY, which combines the controls for the set.

11. Test panel TsD-KIKTP, which combines the lelments for testing and
monitoring the set.

12. Connection box TsD-h2, which is designed for connecting all the
units of the set to each other and for automatically switching the cntire
series of circults to the various operating wodes of the set.

13, Magnetlc amplifier and entenna tilt stebilization unit TsD-MLTP,
which amplifies the signals which control the antemns in the aziauthal,
elevation, and tilt directions, stabilizes the tilt of the antenna in the
scanning mode, and sets the antenna at the zero tilt position after range
lock-on of the target.

14,  Unit TsD-25TK for synchronization and noise-suvpression, with
UZLZ (ultrasonic delay line), which time~synchronizes the operation of
all channels of the radar, provides suppression of random pulse noises and
ground reflections, and shapes the integrated target pulses which are re-
quired for operation of the indicator.

15. Noise interference display unit TsD-20TK, which in the presence
of smooth noise interference sends a signal to the "P" display of wnit TsD-
34TPY; in the "pomekha" (noise) or intexrference mode, the unit generates
a pulse which opens the receiver and en artificiel target pulse, end gener-
ates signals vhich switch on the tracking mode; in the "kontrol!" (monitor)
mode, the unit shepes e pulse which triggers transmitter TsD-32TK.

16. "Antenna-Equivalent” switch TsD-20TPM, which channels energy to
the antenna or to the antenna equivalent upon commend from control panel
TsD-41UTPM. ‘

17. Photographic unit 34IVNP-T (camera PAU-UT3-1 with focusing de-
vice), which permits monitoring the operation of the radar and the per~
formance of the pilot while in flight.

18. Phdtogrephy synchronization unit VSYu, which automatically
controls the operation of the camera.

19. DVS, connection box, which serves for callblation of the DVS
(air speed data unit).

20. Flters for units 32TK, VSYu, and PAU-hT3 1.

21. Rheostat for controlling megnetron current.

Shock-absorbing frame.

23. Set of conndeting cables.

2 Installation frame in aircra t.

The following aircraft instruﬂcnts and power sources are used in opera-
ting the radar in flight'

1. Altitude daﬁa unit VTqD~30, which generates a continuously changing
voltage proportionel to the flight altitude of the interceptor and feeds it
to th: fire conbrol coumputer, end elso cenerates e voltage dof 427 v at flight
altitudes of 1% ka and greater.. |, ‘
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2.

The set of cables supplied with the rader,

Air speed data.unit DVS. [end of page 23]

[page 24 of Rubsian text missing]

[begining page 25]

in addition to the multi-

conductor and coaxial cables, includes adapter cables 19F, 19-1F, 20F, air-
craft cablc assembly, heraetically secaling plugs, and extension cables 19k,
19-1k, 20k,

Section 8. Basic Pactical and Teclinical Data

a.

b.

16-1k, 15-2k end 15k.

Basic Tacticel Deta

Scanning meximwn range
Lock=-on meximwn range

Time required to prépare set
for operation afteriturning
on supply voltages

Noise stability of Fetr

with random pulse nolses,
the detection and tracking
range

_ with passive-ICM dispersed
into rear hemisphere of
target airceraft,

with smooth noise inter-
ference,

Basic Technical Data

1.

Operating frequgncy renge
Peak power

Pulse duration:

in scanning wode

in autowetic tracking mode
Pulse repetition iete:

in scanning mode

in autozatic traciing uode

is not reduced

lock-on and track-
ing of target is
ensured

ensures search for and
and lock-on of terzet

without indication of

range

Mz 30 Me
Ppulse

IIls

Ts1

corvesponds to ultrasonic

delay line (19), cps
719 cvs

Sensitivity of receiving channel for

reception of signal plus
noise
14
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Scanning frequency

Position of target in vertical
plene is reproduced by weens
of ™erkh-Niz" (top-botton)
ertificiel narkers

Radar supply voltage:

from eircraft circuit 427 v 2 104,

from stabilized frequency
source 115 v, 400 cps

from three-phase voltage .
source 36 v, %00 cps

Power consuupbion:
from 27-v aircraft circuit not more than 12 a
from 115-v, 400 cps source not more than 11.5 &

from 115-v, 600-900 cps
source ‘ not more than 1l &

&rom three-phase voltage
source 0.8 a per phase

10, Weight of rader components
' less power supplies 163 kg

Section B. lLocation of Radar Components end Other Asseublies Ensuring
Operation of the Rader in the Aireraft

The following units comprise the rader set in the aircraft:

Antenna TsD~=31TP.
Transnitter TsD-32IK
Receiver TsD-33
Sychironization and noise-suppression unit TsD~25TK.
Noise interference indication unit TsD-28TK..
"Antenna-Ekvivalent? (entenna-cquivalent) comautetor unit TsD-29TPM.
Indicator TsD-34TPH.
Cod#- end "Verkh-Nig" marker-shaping unit TsD-36.
Rangé unit TsD-37 ' i 5
_ Power supply unit TeD-38.

O O\ Fw
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Antenna control unit TsD-FQOTK.

Redar control panel TsD-ULUTPH.

Test' (monitoring) panel TsD-UKTP.

Connection box TsD-42 with magmetron current rheostat.

Magnetic amplifier and entemna tilt stebilization unit TsD-LLTP.

Sweep unit TsD-U46 ‘

Photographic device synchronization unit BSYu and BSYu power

supply filter.

18. famera PAU-473-1 with PAU power supply filter, light filter and
focusing attachment.

19. Box of resistances for DVS.

20, Set of coaxial cables for connecting the above listed units.

51. THarness consisting of cables 19F, 19-1F, 20F, and rubber hose for
air-conling transmitter of set.

Also installed in the aircraft are units, assemblies, end components
which ensure operation of the radaxr but which are not included in the make-up
of the radar.

These include:

Altitude date unit VIsD-30

Air spced data unit DVS.

Signal Distributor 1186A.,

Buttons: "Zakhvat" (lock-on), "Sbros" (vresk-off), "Pusk" (fire).
Togile switchas: "Zashcita R-2L ot zemli" (protection of R-2L
against ground [noises]), "Zashchita R-2L ot passiv. pomekh"”
(protection of R-2L against passive-ECH) .

Voltage converter P0~1500.

Voltege convérter PT-500Ts.

Set of cables and feeders for connecting wnits of radar with
aircraft essecublies.

Redar units TsD-32TK; TsD-33; TgD-25TK with ultrasonic delay line;
TsD-26TK; TsD-29TPi; TsD-36; TsD-3T; PsD-KOTK; TsD-42 with magnetron current
control rhoestat; and TsD-MAIP are attached to the comnon shock~absorbing
frame of the set.

The shock-sbsorbing frame of the rader set is in the foim of a frame
with special receptacles and scatin areas to vhich the above-listed units
are dttached.

The shock-absorbing frame is rigidly atteched to the aircraft’s radar-
mounting frame. The aircraft {rame {5 in the form of two parallel channel
pars with a ring rigidly attached to their forward ends and a special metal
cross~beam with a center opening atteched to their aft ends. The radar
antenna (unit TsD-31TP) and radiotransparent conz are attoched to the ring
of the frane.

The sircreft's rader frase is located in the nose part of the aircrafit
and rests on special fixed rails. To the cross-bean of the frouwe is attached
the rod of s hydraulic cylinder which is used to move the frame together
with the rsdar sct and cone in an axial direction.

S-E-C-R-E-T &
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The units mounted on the aircraft frame arc connected to the remaining
units of thc set and to the aireraft electrical circuit by means of plug
connectors Shl9F, 19~1F, Sh20F which are attached to the wall of the con-
taincr.  Access to these conncctors is throush the forward upper nose hatch.

Located in ths upper nosc equiprent bay are units TsD-38, BSYu, BSYu
filtevy VIsD-30, signal distributor 11864, end the DVS box.

The "Sbros" button is Located above the left upper boarmi of the
instyunent panel.

The "Zelhvat" and "Pusk" buttons are located on the aireralt control
stick.

The "Zashdita R~2L ot passiv. pomekh" toggle switeh is located on the
left side pancl.

The "Zasheita R-2L ot zeali" toggle switch is located on the left side
panel.

Voltage converter PO-1500 is located bzhind the pilot's cockpit in the
electrical power supply compartacnt.

'
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Chapter Two
OPDRATING PRINCIPLES IN THE BASIC MODES

(see fig..8 in book of drawings)

The radar is operated in one of five basic modes depending upon the
assigned mission of the aircraft:

Scenning mode;

Alning wmode;

"Locked~-on bean" mode

Scanning-and~aining~withesmooth-noise~interference mode;
. Monitoring mode.

The Scanning Mode

When toggle switch "St. vykL. - St. vkl. - Vys. vkl." (set off - set on-
high voltage on) on control pancl TsD-LLUTPM is pleced in the position "Vys.
vkl " end toggle switch "Pomekha - Soprov. - Zakr. luch" (noise - track -
locked-on bezm) is placed in the position "Soprov.", stabilized, rectified
voltages of 4300 v, +250 v, +150 v, and -250 v arc connccted to the radar set
from unit TsD-38 and the set is converted to the target tracking mode.

Within 3 to'S minutes after the set hes been switched on, the hijh volt-
age 1s autoratically connzcted. Allchanpnzls of the set are synchronized

by wnit TsD-25TK -~ the synchronization and noise-suppression unit. In order
to protect the set acainst ground clutter created by reflections froam the
ground at long distances and passing through the set in the sccond cycle
(repitition period), the radar uses wobulation (time moduletion) of the re-
petition period of the transmitter trigger pulses with uubuoquont de-wobula-
tion of the signals received from targets.

The pulses of the master blocking oseillatro 25LL are fed to driver LP3S,
are delayed in the mltrasonic delay line, amplified in UPCh-10 (IF emplifier),
and are agelin used to trigger the master blocking oscillator, synchronizing
the latter with the frequency determined by the delay of the delay linz. The
pulses are sent from the master leCklnb oscillator to the blocking oscillator
vhich generated the tg synehronizing pulses (hali of tube 25L11). When_operating
in the aiming wmode, these synchroniziny pulsos are sent from the output of
tha blocking oscillator to trlggcl intensity-pulse multivibrator %313 in
unit TsD-Us.

The t, pulses pass through wobuletor 25DL4, D15, delay lines 25Lg-7
through LZ-9, to the wobulated pulsc blocking oscillator 25L12.

From the output of the blocking oscillator tuz wobulated pulses rass to
unit TsD-35 and then through tubes JoLl, , 4oand 5 to trizger unit TsD ~32TK
at a frequency of T9. ’

18
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srating in the scamning mode, the su s - J
havinﬁhzndzigzion %s which, through the modulator (tugzs 32L1-6 through Ll 7,
contr;ls the operation of the magnetron oscillator 3212,

5 ~h the tted
The RF encrgy from the magnebron oscillator passe;otzggu“intgnnziot
bridee, a ferrite circulator, and a double T-jugctiog ot Ehis e ron
v i £" comnutator TsD-29TR. The commutoator direc ietzon
Ekvii; Z?thc* }ﬁto the RF end of the antenna or to the antenna equiv .
ene by 2

‘ mmand from radar control panzl
. ] inz 1s accoaplished upon coman brol. B .
TsD QES;;WSzzgiih;oS"le switch "ckvivlacnt—izluchcniye" (eqaivaliggsrai¥axlol :
v ’ s opor ith the and a eouivalent for the pu e
“tron is oporated with the antenna &g e o
32§a$a§2§2;$?egc 1§vthc event that it is unnecessary to radiste energy 1

space.

The pulses froa block oscillator II (36L2) are fed through cethode
follower I (half of 36L3) to thc delay linz. The delayed pulses pass throush
cathode follower IT (half of 30L3) end trigger thé receiver modulator 33L10,
hlaf of LLl in unit TsD-33. The modulator gemzrates a pulse with a dura-
tion Tgy. s, which opens the IF amplifier of the receiver for this period
of time.

The high-frequency part of antenna TsD-31TP shapes the energy applied
to its pripery elcaent into e parrow beam and radiates it into space. A
conical beam is formed In space when scanning motor M: of unit TsD-31TP
rotates the antenna radiator. When the reder is opereting in the scen-
ning mode, the antenna bean has the trajectory shown in Fig. 5.

As seen from this figure, the trajectory of the beam represents the
result of the addition of three moveuments:

-~ movement in an azimuthal direction to the right (left) et uniforu
spaed; :
~= elevation jumps)upward (dovmward) at the end of the azimuthal line;
-- conical scanning. ‘
s 1
Thus, the scanning beam of the antenna "qiews" the zone in space along
three azimuthal lines. 'The radar entenna is & twin-reflector, parabolip
anteona with polarization rotetion. The enterme rediator is located between
the reflector. In fronk :of the radistor is a parabolic reflector.
o | |

_Behind the radiator is & flat reflector which reflects the incident
wave and rotgtes polari#ation.: From}the radigtor the wave falls on the
parabolic reflector. THd enmerzy forued by this reflector into & narrow
bean, is reflected end falls on the surface of the flat reflector.

y 50X1-HUM
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The flat reflector rotates the polarization of the incident wave and
reflects it again in the direction of the parabolic reflector. As the
flat reflector rotates, the beam moves in space. When the set is operating
in the scanning mode, the flat reflector oscillates in an azimuthal direction
with uniform speed and, at the end of the azimuthal line, moves upward or
dovnward in an abrupt motion according to the pattern shown in Fig. 5. This
ensures scanning of the forwerd hemisphere.

Motion of the entenna’s flat reflector is controlled by ezimuth motor i2
and elevation motor ML of antemna TsD-31TP. The clectrical coupling betwesn
antenma TsD-31Tp and ent3nna control unit TsD-HOTX 1is provided by azimuth
selsyn 315n3 and elevation selsyn 31Snl, which generate voltapes proportional
to the position of the flat reflcetor of the entenna with wvespeet to azimuth
and clevation.

The voltege of azimuth selsyn 31Sn3 is fed to the aziuuth scerch cir-
cuit LOL1 throush HOIk, from the output of which on adjustwent voltage 1
fed throuzh azimuth magnetic amplificr LUl to the control winding of the
aziaubh wotor, Signals corresponding to the extreme azimuthal. positions of
the antenna reflector are fed from the azimuth scarch cireuit to the
elevation search circuit (half of BOLL7, BOL5 through ROLS). At thesc moments
the elevetion scarch circuit begins to generate a voltage Yo the scarch
circuit and the clevation "DU" (ranging unit,tubes LOL12 throuch LOLLY),
where it is added to the voltage of elevation sclsyn 31Snl.

As a result of the addition of the "jump" voltage and the elevation
gselsyn voltage, there appears en elevation adjustient voltage which passes
through magnetic emplificr WUMU2 snd controls tho elevation wmotor 31ML.

The position of the scannzd sector in space does not depend on the
banking anzle of the aireraft, since the antenna is stabilized in the scanning
mode. '

A voltegze proportional to the bank angle of the alircraft passcs from
the aircraft's gyroscopic data unit AGD-1 through signel distributor 1136A
t0 the stator of selsyn 31Sn6. The miswmatch voltage froa the rotor of
sclsyn 31Sn6 is fod to the input of the tilt chennel (tubes LLL2 through WLIA).
The adjustuent voltage is taken from the output of the tilt channcl, passcs
throuzh magnetic ampliffer - BhiU3, and is fed to tilt motor 3LM3 which tilts
the antenn2 in e direction opposite the banking wmotion of the eircraft and by
an anple cqual to the banking angle. The scanned sector may be stabilized at
alrcraft banking angles up 1o *‘70” To ensure the necessary transient
characteristics, tech generators TGL (elevation), TG2 (azimuth), and TG3 (tilt)
arc installed in the antenna control channels to provide fecdbagk.

I tavrzets are present in the scanncd zon2 at renges up to Dops the
hich-freguency signals veflected frou the tergets are received by the antenna
and pass throuch the double T-junction, ferrite circulator, and slotted
bridge to balance mixer 32DL, 32D2. The klystron oscillator voltage is also

20
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fed to the balence mixer. The RF oscillations, converted by the balance
mixer into IF oscillation, are amplificd by en IF. preamplificr and pass
through coexial cable FL to the IF¥ emplifier (33L1 through 3316) of unit
TsD-33 for mein amplification. A constent intermediate frequency fy,. is
meinteined during changes in the megnetron or klyston frequency by ghe
APCHK (klystorn AFC) circuit (APChK mixer 32D3 end APChK assembly 32L%-1
through 32I4-G) in unit TsD-32TK, and is based on the compensation of any
freguency deviation by an appropriate change in the voltage at the klystron
reflector 32L1 wihich leads to a chenge in the frequency of the Klystrom.
The IF target signals from the output of the IF amplifier (33L1033L5) pass
throuzh detector 33L7. The terget video pulses are amplified by video
amplifier 338 and pass through the cathode follower (half of 33L9) end
coaxial cable FS5 to the video amplifier (half of 25L3) of the sychroniza-
tion and noise-suppression unit TsD-25TK. The video pulses then pass froa .
the output of the video amplifier through a pusle-duration sélector (half of
2513, 25L14, deley lines 25L2-%, 2512-5, 25L7-10) to & dewobulator (2506,
25D7, delay lines 25L2Z~-1 through 25L.2-3) which restores the pulse repeti-
tion period l/T9. When signals appear at the dewoblator which have arrived
froa a distance of more than l/T9 mlicroseconds, the pulse reretition period
will not be restores by the dewobulator. .

For supwression ofl randos pulse noise, the target pulses from the
dewobnlator are amplified by video amplifier 25I4% and fed dircctly to co-
incidence circuit 25L5 and a delay nctwork consisting of cxclter Lp3, ultre-
sonic delay line, and IF amplifier-10. Frou the output of the amplifier the -
target pulscs, which have been delayed by & value squel to the delay time
of the line (1/T9), arc fed to coincidence circuit 25L5.

Since the target pulses after dewobulation have a.repetition period of
l/T9, the first delayed pulse will coincide in the coincidence circuit with
the second undelayed terget signal. The coincidence circuit now produces a
signel which is amplified by the video emplifier (half of 2516) end passcs
through cathode followers (half of 25L6 and balf of 25L11) to the output of
the unit. :

Random noise pulsés have a period differing from l/T9; therefore, they
will not coincide with their won delayed (by 1/T9) pulses in the coincidence
circuit and will not pass through the circuit to the output of the unit.
Signals created by ground reflections and erriving from & distence of more
then 1/T9 microscconds are converted by the dewobuletor into random noise
and also will not pass to the output of the unit.

The output of unit sD-25Tk will pass only target pulses whose duration

at the output of the réceiver doss not excee% 2.5 Tg.

Th2 integrated ta*;tt pﬁlscs froan tae odtput of unit TsD-25TKk are
fed through coaxial ca%le F3 to a cathode follower (half of 3615) whose losd
R X
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. .
is formed by a l2-microsccond delay line (36L7-2 through 30LZ-4). Pulses are
taken from the beginning and end of the delay line and fed to the "Verkh-Niz"
(top-botton) marker-shaping circui# (36L7 through 36110, 36L13 through 3GLLT).

The elevation of & terget is determined through thz use of a "jump”
voltepe, generated by the elevation scarch circuit (half of kOLL7, L4OLS
through 40I8) of antenna control unit TsD-LOTK, at the same time that the
antenns 1is scenniny space elong azimuthal lines. Elevation warkers appear
on the screen of the indicator in the form of verticel lines above or below
the target werker or simultaneously, depending upon the elevation of the
target in spece, on the upper, lowér or middle azimuthal linc respectively
(sce fig. 2). If the target is on the upper line of the scomned zone, tar-
get pulses teken {rom the end of the delay line will pass to the output of
the "erkh-1liz" marker-shaping cirbuit; if the target is on the lower line,
target pulses taken from the beginning of the deley line will pass to the
outvut of tha eircuit. If the tarpget is on the middle line of the scannad
zon2, tarcet pudses from the beginning and end of the delay line will
pass to the output of the marker-shaping circult.

Reference voitase generavor 31GL of unit TsD-31TP is used to produce
"Yerkh-lliz" merkers in the form of suveral vertical marks located avove or
belov thz target marker (scc fig. 2). A voltage at the scanning frequency
T30 is fed froa reference T30 is fed from reference voltage pencrator 31GL t
to a modulating pulsc-shaping clrcuit (half of 36LL3, 36LLY) which doubles

"the frequency. The modulating pulses pass to the "Verkh-Niz" warker-shap-
ingz circult and modulate these signels at a frequency of 2(T30) cos.

Signals from the output of the "Verkh-Niz" marker-shaping cimcuit arce
amplificd by video amplifier 36L11l and are fed through a cathode follower
(helf of 36L12) end coarial cable F7 to sweep unit TsD-hG. The video sig-
pels pass from unit TsD-46 through e video amplifier (half of 34EL2) to
the cathoderay tube. ’

Pulses taken from approximetcly the center tap of the delay line are
also fed to the input of vidco amplifier 36L11. These pulses are used to
create the terget markers on the indicatnr.

Wnan the reder is operating in the scamning mode a "B" type sw2ep is
formed on th» screen of the indicator in azimuth and rapse coordinates. The
"B" sweep is foraed by & range sweep circuit (intensity pulse multivibrator
46L3, sawtooth voltage end current generator -- half of USI%, LGL5) end an
azimuthal sweep circuit (b6D1L, 46DL5) in unit TsD=46. A synchronization
rilse from unit TsD-25TK is used to trigger Intensity pulse multivibrator
L5L3.

In the scanning ucde the voltage from the eziwuthal sweep selsyn
31 S22 is fed 4o the ezimuthal sweep cireuit. The pulse from the intensity
pulse nultivibrator 4513 is.fed through a cathode foilower (balf of LOLY)

22,
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t0 the control electrode of the tube apd opens the tube for the duration of
the range sweep. The sawtooth sweep voliages are fed to the deflecting
systew of the cathode-ray tubs of unit TsD=34TP4 and create a rectengular
trace on the screen of the indicator which is invisible et normal screen
brightness. The target markers with the "erkh-Niz" markers are distributed
within the bowlaries of this rcctanguler trace. ’

Since this set uses en intensity pulse indicator with e long-persi
tube, the persistence time is controlled by means of e special image-or
circuit -- a pulse-erasing blocking oscillator (helf of 3412) which ensures
extinction of the image in the scanning mode.

In order to provide noise-protection of the radar when ogperating in the
scanning mode, the receiver is opened by a noduletor pulss during the period
following ecwission of the main pulse.

After emission of the wain pulse, e SM%KI@utomatic (ain stabiliz&timﬂ
gate pulse is fed to the receiver modulator of unit TsD-33 fron unit TsD-25Tk.
During this period the receiver is open for operation of the ShARU circuit
(half of 33L11, 33112, 33L13, half of 33L15) vhich automatically wainteins 2
constent noise amplitude at the output of the receiver by chansing the gain
of the IF amplifier of the receiver as thz noise level chanies.

50X1-HUM
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2. Alming Mode

The pilot presses the "Zakhvat" (lock on) button on elosing with a
targel at a distance equal to lock-on range whan there is, on the indicator
Sereen, a targst pip with th: "Verkh-Nig" (top—bottam) rarks locatzd in the
zero of the azimith scale of the indicator, 1In this casc, the set goes into
"Distantsionnaya ustanovka" (pU) (rarging system) mode until the automatic
range lock on 1s triggered. In the DU mode the antenna 1is positionzd as to
azimuth and elevation. In this mode, the pulse repetition rate of the
TsD-25TK oscillator 1s changed and becones equal to T19, the wobbulation
of pulses which triggers the transmitter is shut off, the ;ulse delay of
the ShARU is changad, and the TsD-32TK sub-modulator unit forms a pulse
with a duration of Ts1 which determinss the duration of the bigh frequency
pulse being radiated.

~

Search in azimuth and elevation by the TsD-hopg antenna control unit
B suitched off in the DU mode. :

1

Voltage from the 31Snl elsvation selsyn only, is fed to the input
of the search and DU elevation circuit (LOLL2 through LOLLL). Under the
action of this voltage a mismatch in the search and DU elevation circuit
turns the antenna mirror in elevation in the directlion of least voltags
from the 3iSnl selsyn by means of tie 4lpyp elevation magnetic amplifier
and the 31M! elevation motor. Tha voltage from the elevation selsyn becomss
equal to zero when the antenna dish is set at an angle of + Lg',

Voltage from the azimuth selsyn 318n3, which is equal to zero when the
antenna is in the zero azimuth position, 15 fed into the input of the DU
and automatic azimuth tracking eircuit Lorg through LOL11. ' Under the action
of this voltage the DU azimuth circuit 4y forces the azimuth motor 31np
to move the antenna mirroy in the zero azimuth position. When the "Zakhvat"
button is pressed a signal is sent to the TsD-37 .unit for switching in the
range search. In additlon, the 37L13 controlling stage operates in the
oscillating mode. The sawtooth voltage of the 37L13 transitron generator
(slow sawtooth voltage) 1s compard on the 1/2 37L3 comparator with the
fast sawtooth linéaﬁjy decaylng voltage from the phantastyon 37L1;

1/2 3712, The phantastron fast sawtooth vdltage is triggered by a synch-
ronizing pulse comin@ from the TsD-25TK unit. The duration of the phanta-
stron sawtooth pulseit$ equal to Tk.p. A pulse for triggering the narrow
gate blocking oscillator 1/2 374, 3715, ié given at the moment of equality
of the sawtooth voltﬁges, which triggers the half-gate blocking oscillators
1/2 371k, 3716, and in the DU mode & pulse 4s fed through the coaxial cable
Fe for gating the receiver. The delay of the narrow gate is changed from
Dn-P- to Dk.p- ‘ : ’

.
14
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The pulses from the half-gate blocking oscillators control the dis-
eriminator of the automatic lock on 37L14 through 37L16; 1/2 27L17,
37L10 and the tracking system discriminator 37L7 through 37019, 37LLL,
1/2 37L17. Automatic range search will be made in thz DU half-gates. 1In
the DU mode the pulse for triggering the  wide gate from ths TsD-35 unit
is not fed into the TR-switch of the TsD-33 receiver. In this mode the
receiver bperates for ths time of the narrow gate from the TsD-37 unit which
shifts in range from Dy,p. to Dk.p. and the ShARU gate from the TsD-25TK
unit, while tha ShARU gate is supplied every cycle.

The target pulses, coinciding with the narrow gate, are f=d into the
input of the tracking system diseriminator (37L7 through 37L9, 1/2 37L1L,
1/2 37017, 37L10. On closing with the target, the lock on of the tracking
system half-gate discriminator coincides with the target at the lock on
range, the range search discontinues, and the tracking syetem tracks the
target. .

A passive nolse suppressor is provided in the TsD-37 range unit.
Passive nolse is the chaff cjected and scattered by the targst-aircraft
in th2 r2ar half-sphere. Th2 closing speed of the pursuing plane with this
Interference is larg: and is close to the spsed of the purcuing airplanz,
The signal, reflected from the chaff is eithar ragresanted on the receivar
.output as separate (discret2) pulses or combin2s invo one continuous pulse
of long duretion, depending on the frequency of chaff ejection and the spsed
of the target. In the latter cace, the rear edge of the pulse determines
the pasition of the targat.

The method of éuppressing passive nolses makes it possible to lock on
and track the target for range. The interval of the tracking speads depends
on the airspzed of the pursuing plane. A voltage proportional to tha speed
of the pursuing airplane is glven off by thez alrspeed unit end is fed into
the 1/2 37L18 speed szlactor cireuit of tha TsD-37 uait. An estimate of
the closing spsed {s made from the momant the tracking system starts tracking
the target. If thé closing speed with the targst excseds th: tracking speed
then the 1/2 3718 spesd selector and the scarch shift circuit (1/2 37118,
37L19) are triggerad. When the half-gates coincid: with the target pulse,
an estimate of the closing sp2ed with tha target will again occur. The
selection continues until the target appzars whan pressing the lock-on button
in the reverse search range and the closing speed with the target is less
then the selected speed.

With the appearanc2 of the target in the search range, the closing spead
1s less than the selected velocity, the rangs lock on automatic device (37LLh4
through 3716, 1/2 3TL1T) operates and automatically switches the set over to
aiming mode. The tracking system from this momert changes over to automatic

racking for range mode, and the controlling stage (37L13) goes ovar to

2.6
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integrator mode. The tracking system discriminastor continuously acts
through the contralling stage (37L13) on the comparator and automatically
maintains a coincidence in the time of the half gates with the target
rulse.

The ARU {attomatic gain control) is switched ia the automatic tracking
mode with resject to pulse and is shielded from random noise. For con-
trolling the operation of thz ARU, two ARU half-gates, one of which colncides
with the target and &he other delayed relative the target, are fed through
the coaxial cables F3 and F 18. The ARU circuit (1/2 33115, 33L16 through
33L18), as a balancad circuit, reacts only on signal from the target and does
not reactrandom pulse noise. ‘

The range pulse from the TsD-37 unit 1s fed via the 1/2 33L19 limiter
into the 33120 coincidence stagz. The target pulses, coineiding with the
rapnge gate, and which enter the input of tge colncidence stage 33L20 through
the video asmplifier and the cathode repeater 33121 by the coaxial cable Fh
are fed into the ant2nna cpntrol unit TsD-#OTK. In the aiming wmods the remote
antanna setting is iscontinued and the TsD-LOTK antenna control unit switches
over ‘into the automatic mode for tracking the target in azimuth and elevation,
and antenna stabilization for tilt is alsojdiscontinued. The voltage from
selsyn 31Sn5 for establishing zero setting of the antenna for tilt, through
the tilt channel and the tilt magnetic amplifier 31MU3, forces the tilt
motor 31M3 to fix the ‘antenna in the zero tilt position reletive the air-
plane. P : ‘

i . | , .

In the aiming modq, the antenna radiatbr contimues to rotate with a
frequency T30. Since the radiator ‘axls shifts relative to the axls of the
parabolic mirror, a conical beam is formed in space with the rotation of
the radiator. If the target is on the axiF of the cone, ther the amplitude
of the signal which is received from the tPrget depends on the instantaneous
position of the antenna beam and is identical for the entire rotation period
of the radiator. : [ ‘

If the target 1ts?lf shifts relativé?t e axis of rotaﬁion then the
amplitude of the signals received will chepge within specific limits reaching
a maximum when the axis of the beam approaches the target (in the upper
position of the dirdctiozal diggran) anl falling to & ninimum vhen leaving
the target (in the bTer position of the diagram). Do

; . ' ! | o . ! |
1s are modulated by fthe frequency of rotation. The
in the auplitude of the target signal is characterized

‘gpread of the chang 1tude  of [t
by the value of the [target displacement angle relativé th% equisignal direc-
tion, anq the phase] relapive to the| diredtion of the arTet deviation.

The?received sign
1S
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A voltage, the so%called error signal, 1s formed in the 4OL1S error
signal detector of the TD-iTKantenna control unit from the modulated signals
from the target coming from the TsD-33 receiver output through coaxial cable
F4. The error signal ic used also for controlling the azimuth and elevation
motors through the azimuth (4OL9 through LOL11) and elevation (4OLL3, hOL1Y)
tracking circuits and ‘the corresgonding magnatic amplifiers. The flat mirror
of the azimuth and eldvation antenna is shifted in such a way that the error
signal strives towardd zero. The absence of an error signal indicates an
absence of modulation:and in this case the target liss In the equisignal
direction of the beam?

In the course of ézimuth'and elevation tracking of the target the flat
mirror of the antenna will rotate automatically (track) following the target;
i.e., the turning of the flat mlrror of the antenna will coxrrespond to the
azinuth and elevation coordinates of the target. For determining ths direc-
tion of the alignment:inside each channel, for example, "left-right" in
azimuth, a comparison:is made of the rectified GON (reference voltags oscil-
lator 31G1 of the TsD3LTP unit) cascade (UJL16) voltage and the signal error
in each channel of the antenna control unit TsD-4OTK.,

The lock on and automatic tfécking of the target for range and dirzction
is indicated on the indicator screen by the appearance of "floating spot”
(bird) type sweeps, the shifting of the center of which will indicate the
azimuth and elevation-of the target, the distance to the range marker from
the center marker being the distance to the target. The darken=d parts on
the wings of the "bird" indicate the permissible zone for leaunching the
missiles.

The range sweep and intensity pulse formation circuit is used for the
formation of the "bird." The LOL3 intensity multivibrator in this mede
is triggered by a synchronizing pulse (tg) from the TsD-25TK unit. The
range sweep circuit in the aiming mode consists of: a trigger and paraghasc
amplifier (LBL5, 1/2 UGLT), positive and negative sawtooth voltage oscillators
(4613, 4619), and sawtooth voltage wscillator 46L10. A synchronizing pulse
from tha TsD-25TK unit starts the range sweep mode.

The Dpin (46LLL) and Dpuy (U6L15) phantastrons are used for obtaining
darkened areas on the wings of the "bird" -- the permissible firing zone.
Th= duration of the pulses ganeratOJ by the Dpgx phantastron determines the
voltage Upax, formed by the Upay and Umin shaping circuits (1/2 37L12,

1/2 37120, 37121, 37L22, 3712ﬁ 37125) ia the TsD-37 unit. The duration of
pulses generated by_3h° Dpin phantastron is constant.

29 :
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The Upsy: volteg? depends on the closing speed with the target and the
altitude of the pursuing airplane; the Umin voltage depends on the closing
speed with the vargeb. .

pulses from the Dgax 804 Dnin phantastrons ere mixed in the L6116 mixer,
apd as a result a firing zone pulse is formed at the mixer output. The
firing zone oulse is pixed with the intensity pulse and on the wings of the
fpirds" a darkening appears, the magnitude and location of which depends on
the closing speed with the targeb. and the altitude of the flight..

When closing with the target, the dangerous closing range circuit 37123,
37127, 1/2 371206 of unit pD37, at the distance Doo.sb. (dangerous closing
range) enits 8 signal and the signal "0" ("Otvorot" - break off) on thz
TsD-34TPM indicator lights up. the break off range depends on the Upin
voltage, i.e. On the closing spesd.

The brightness and permanence of the image of the "pird" on the indicator
screen in the aiming mode ensures & pright "bird! image in day and night
flight conditions and an absence of persistence &s the "bird" shifts across
the screen. The image erase mode is changed automatically quring the aiming
mode by & change 10 the frequency of the erasing pulses from the blocking
oscillator 1/2 34L2. :

Movement of: the "bird" in azimuth and elevation is done by ihe azimuthal
gueen (46DLL, 46p15) and elevation (45D12, 46DL3) circults. Voltages pro- -
portional to the deviation of the £1at antenna mirror, are fed into the
sweep clrcuit from the azimuth selsyn 315n3 and the elevation selsyn 31Snl
of the TsD-31TP unit. '

In the aiming mode, the appearance of the target in the permissible
firing zone is the signal for firing the missiles, which is done by pressing
the "Pusk" (fire) outton on the control stick.

The pllot 1aunch%s the missiles after obtaining an audible signal through
his helmet phone which indicates target lock-on by the missile homing heads.

3. Locked On Beam ¥ode (Rezhin "Zakreplenhoga Lucha™)

|
In conditions of optical visibility with nolses nindering aiming by means
of the indicator scxcen the set is switched to the "locked-on bean" mode DY
setting the tumbler swwitch " pomexa-Soprov ¢ -Zaky . Lueh" (noise-tracking-lockedu
on beam) on the~TsD+HIULPM panel in the nigkr. Luch” position.
‘ |

o2 |
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In this mode the sct operates similarly to the aiming mode with the
exception of the antenna control channel which does not track the target
in angular coordinates. In this (as well as in the aiming mode) the system
for the stabilization of the antenna for tilt and the antenna control channel
fixes the flat antenna pirror at zero azimuth and plus 45' elevation.

4, Scanning and Aiming:Mude in the Case of Smooth Noise Interfereace

The set permits aimlng in the case of a source of smoothad noise inter-
ference. Signals and noises from the TsD-33 receiver output ars fed through
the 1/2 33123 cathode follower along coaxial cable F15 into the TsD-20TK unit
indicating noise interference.

The appearance of smooth nolse interference in the scanning mode is
perceived by the set in the form of an increase in noise in the wide gate
and in the ShARU gate at the receiver output. [end of page 50].

[Page 51 of the Russian text missing]
[beginning pege 521

... noise (see Fig %)

Noises in the ShARU wide gate travel also from the receiver output into
the circuit which forms the artificial target (26L10, 25L11) in the TsD-26TK
unit. The artificial target pulse passing through the TsD-25TK unit enters
the cireult which forms the "Verkh-Niz" mark of the TsD35 unit and then
enters the indicator.

The indication of the artificial target for = distance of 8 through 12
kilometers is formed on the indicator sereen independent of the distance
of the source of the noise interference. The pilot, using the "Verkh-Niz"
marks, moves the airplane in elevation and in azimuth, aligns the center
of the marks with the zero azimuth mark, and presses the "zakhvat" button
whereupon the set automatically goes to the aiming wode for the case of noise
interference. :

2 command is given simulteneously in the TsD-4OTK antenna control unit
for ipcreasing the amplificetion of the asutomatic poise tracking channecl for
preserving the previous modulated characteristics; in the TsD-33 unit, the
auxiliary capacitance of the filter in the automatic amplification control
circuit for preserving the fixed transfer characteristic, is cut out.

.30
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i
In the smooth nois=!interference mode information on the present range
to the noise interference source is absent.

The set automatically goes to the target scan mode with the cessation
of the noise interference.

5. Monitoring Vode

The monitoring mode is intended for rapid autometic checkout of rader
operability.

The monitoring system checks ihe functioning of:
synchronizing channel,
radar channel,
range channel and passive nolse suppressor,
break-off-attack system,
antenna control chqgnel,

6. indication chanﬁel,

T. smooth interference channel.

Station checkout‘using the monitoring system 1s done visually by means
of the indicator screen and the "0" (break off) and "P" (noise) signal
lights located on the front of the 1lndicator panel.

The time consunmed 1ﬁ checking out the set by means of the buillt-in
monitoring mode 1s not more than 15 seconds.

Evaluation of the operation of the set in the monitoring mode 1s made
by mzans of three autoWQtically alternating monitoring stages. Each stage
has 1t§ own corresponding imags on the indicator screen (see Fig Ta, b, ¢,
d)o

For changing over the set into the monitoring mode it is nzcessary to
move the "Pomekha-Soprav.-Zekr. fuch" toggle switch of the TsD-4LUTPM panel
fully into the "Soprov." positiop, and the "Izluch.-Ekvival,-Kontrol'" toggle
switch into the "Kontral'" position. In addition, the small lamp on the
TsD-41UTP}M panel for mdnitoring high voltage on emission must be out if the
set operated on emissioniup to the "Kontrol'" mode ({.e., in the monitoridg
mode the stetion was eutomatically switched over into the "Skvivalent"

operating moia), |

P

|
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The following picture is observed in the first monitoring stage (Fig Ta):

- the "P" ("Pomskha") lamp on the indicator burns at half intensity
indicating the monitoring mode is switched on; '

- the_target indication appears along the entire azimuth in the scan
with the elevation marks;

- the "P" ("Pomekha") signal lamp goes out which indicates the normal
operation of the channz2l for stabilizing the antenna for tilt and the termina-
tion of the first monitoring stage.

In setting the "Pomekha - Soprov. - Zakr. Luch" toggle switch in the
"Zakr. Luch™ position, target lock-on in the first stage must not oceur since
the oparating mode of the station in the presance of passive noise is icitated
on this stage.

In addition, on the indicator scrzen a "bird" appears in the centar of
the range marks on the screen shifting from the edge of the sweep to the
range lines and bounces from the range lines to the edge of the swezp (see
Fig 7b). The first wonitoring sbage lasts for the time it takes the antenna
to finish its tilt to the right until its cutolf, after which the commani
for beginning the s=cond monitoring stage is given.

Thus, or the first monitoring stage we evaluate: the approximates
sensitivity of the set; the operation of the antenna control channel (the
scanning mode and the stabilization of the antenna in tilt), thes shielding
from passive noises (sezlection according to speed) with the "Ponekha -
Soprov. - Zakr. Luch" toggle switch set in the "Zakr. Inch" position and
the approximate adjustment of the indicator in the scanning mode.

In the second monitoring stage (Fig Tc) the "P" ("Pomekha") lamp burns
at helf intensity indicating ths return of the antenna to 1ts original
position of tilt, corresponding to the moment the "Kontrol'" toggle switch
is switched on. :

The set enters the DU mode automatically, lock-on of the targat occurs,
a "bird" appears in the center of the indicator screen with the firing zones
and the range marks, shifting "Vpravo-Vverkh" ("right-up") corresponding to
the motion of thz antenna up to the terminal switches.

3z
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The "0" lamp lights up signalling the opzration of the dangsrous-closing-
range circult,

The second monitoring stage evaluates the functioning of the antenna
eontrol channel in the DU and automatic tracking modzs, the range finder with
the dangerous-closing-range circuit and the approximate adjustment, of the
indicator scales in the aiming mode.

With the tripggering of the "Pravo-Vverkh" microswitch the command for
eutomatic switchover into the third mondtoring stage is given.

In the third monitoring stage (Fig 7d) the set enters the "zakreplannyy
luch” mode, as & result of which in the center of the scresn & "bird" appears
with the range narkers, completing the search.

The "P" lamp burns at full intensity monltoring the circuit indlcating-
smoothed noise interfersrnce.

The "0" lamp goes out ab the onset of the third stage. Thus, in the
third monitoring stage we evaluate the functioning of the antenna control
channzl and ths rangefinder in the "zakreplennyy luch" mode. When the
"Kortrol'" switch is switched off, the set returns to the scanning mode.

Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3



50X1-HUM

MWW& NWMMLMMMWWQ
Upper M(dd/el Lawer| //,nper | M/dd/e

ne line
-+ \Jeprnis, l(fpoo,’m st nne l&f,ww/ la éﬁ%i

oipoka [l’/')/poxa lt’/?yoz(alz’m/aama'(’/’//dxa’ |

"' . 3z Pos,lf/bnafna}?g sqw}ce' . = 5 T N
A«w@%ﬁf@w)i@ \ : ’4 (}C w/ﬁue "i-"""" »
LRI, //mwwfmw%@

/dé’r?ﬂ.f’/mjff 71
fs/m/w)%o 336 =

Dohn
% s
PARY '!

/Vcw e C’?ll ecen/er' A

;o om‘p#' gt

« " @/mfal ﬁa-/vﬂ,ra"'

.Jml, o .d”h o aa, o’éf.mo”p »,a,m

. . . . ;

R— \

-\ e, 6‘ 3mpb| ﬂanpﬂ; .amm J\Py i uyr’on m -
) w&o,&e pUEMHHER B pcmme nwazm 0t

Figure 6. Diagrems-of AGC Voltages and Noise at Receiver Output
in "Pore;:hg (interference) liode.

34
S-E-C-R-E-T

Sanitid Copy pproved for Release 201 1/3/ : IA-RDP82-003R070180019001-3



50X1-HUM

SECRET
CEKPETHED

Ponpommmimereerpprabesnanayg
- T e SO -cuintdy i - |
lEmnu-..m JIi(ERRDERGUEBOE

um & ponenon
burning at Aal¥,
/bfg’/)sh‘y

ATULRT T

I sman rormpond

T

1¥ tnonitering stoge

Pigure 7. Indicator screen images in the monitorinf; rode
(7a above; Tb, Tc, 7d on following pages

|
35 I
s-E-c-'R-Er-',r

Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3



Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 |

50X1-HUM |

fooun & nomsorana

AL/fﬂ/ﬂ 4!7‘ //70/7(‘
J/ﬁfc’/lbl//

Tamm  roumpons ray Brmavens

PoMuMa . 3[7/f/7¢?/7/79/7‘/‘/b/£/
/35" moi J’zvng? sHtage /"S{l»/// F

“ focked-0r Beam “rrede o4

g

e ,-a.AMsJ‘]

36
S-E-C-R-E-T

: Sanitized Copy Approved for Release 2011/03/31 CIARDP82 00038R001800190001 3 -



L

Sanitized Copy Apprved for Rlse 201 103/31 - CIA-RDP82-00038R00180019000 ‘ .

LA i

50X1-HUM

omrann - o\ £ oo

Lirenjng a falt
/}77%/75/'/ /g :

Ismon  wewmpona
224 43 t’n/'/z’r/'/i/f = iéje




™ Sanitized Copy Approved for Release 2011/03/31 -

WP M A ks o L

‘?/7 (5/"/‘7/)7"

VE
td /770/7/'/ar//;j stica

34
8-E-C-R-E-T

-

\,

¢

50x:-HUW|




50X1-HUM

Chapter Taree

DESCRIPIION O UNIT INTERRELATIONS

The radar consists of a nuwber of interconnected channels and ep-
paratus.

The main units are:

l. Synchronizing channel

2. Radar channel ‘ :
3+ Suppression channel for reguler (ground clutter) and random noiscs
k. Channel for renge and supprassion of passive ECM
5. PFire-control and break-off computer

6. Antenna control channel

T. Indicator channel

8. Smooth noise interference channel

9. Coupling channel with firing circuits
10. Coupling channel with altitude unit VDTs-30
11. Radar control channcl
l2. Radar menitoring chennel
13. Reder pover supply.

fnterrelaﬁion of channels is shown on the radar block diagram(book,
Flg §

Section 1. Synchronizing Channel

The synchronizing channel generates synchronizingz pulses which co-
ordinate in time the functioning of the radar channels.

Synchronizing channel components arc located in the following units
of the radar:

&) in the synchronizing and noise suppression unit T&D-25 TK, which
synchronizes the performance of the whole radar set;

b) in the sync-pulse and "Pop-Botton" markers forming wnit TSD-36,
which forms trigpering pulses for trensmitter and recelver modulator;

¢) in receiver TSD-33; which ensures gating of the rveceiver's am-
plifier; ‘

'd) 1in sweep unit TSD -LS, which fomms sweep voltage;

39
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e) 1in transceiver TsD-32 TK, vhich forms the radar pulses;

£) 1in the noise inmterference indication wnit TsD-2€ TK, which forms
pulses for switching the receiver to "noise" mode;

g) in Juaction box Tsp-L2, which ensures proper switching of elec-
tric clrcuits.

1. Forming of Sync-Pulses

Radar synearonization is ensured by the strict sequence of triggering
pulses. Pulse repetition rate in the scan mode 1s determined by the para-
meters of ultrasonic delay line (UzL2) and is equal to T9. Maonitude of
the UZLZ delay ccpends on 1ts designation. Pulse repetition rate in aim~
ing mode 1s determined by the pavameters of master blocking oscillator 25
L1l and is equal to T19.

2. Trigger-Pulse Forming for Transmitior and Receiver Modwlator

To suppress second-trace echo noise originating from the reflection
of main pulses [ron distant targets and ednmitted to the recelver during
the second period of riudar operction, wobbulabion (time modulation) of
transaitter tri.cr pulses is used. To the woubwlator input is fed sync-
pulse tg from sync-pulse blocking-oscillator (right hall” of tubc 25L11),
which can vass thirough any of the two circuits: either by-passing tie
delay line or passing through the vobbuwlator delay line (25Lz~T to 25La-
9). Switching of the delay line is achieved by cutting-olff diode D15
with the nezative gzradient of a special switching pulse, Wobbulator-
oubput pulses trigzer the blocking-oscillator of wobbulated pulses 25112,
which are used to trigger blocking-oscillator I @uWJLLI) of wit TeD-36
and then to trigzer blocking-oscillator I (36L2) and blociins-oscillator
IIT (1/2 36Lk).

When the "Zaknvat" (lock on) button on the control hzndle is pressed
or when the operatin;-mode selector svitcn on the control panel TsD-41
Uik 1s set in "Zehr luch" (locked-on beam) position, reley DU (4215-1
operates, opens contacts L and 3 and thus disconnccts plate supply of
4250 v stab. froa trisger 2519 (wobbulator and devobbulator switeh). At
this tlme triszer-pulse wobbulation is discontinued .

Pulses of blocking-oscillator ITI 33Lh are used to trijcer trans-
mitter TsD-3&TK.

Pulses delayed by delay line 3€L2-1,5,0 are fed throush cathode fol-

Jower II (ricat half 36L3) to trigger the nultivibrator receiver modwla-
tor cixenit (33110, left half of 33L11). The recelver modulator senerates

40
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pulse duration Tsh.s.(sh.s. - wide gete). In the scan mode the positive
pulses from the receiver modulator are fed to the first two stages of the
I-F amplifier 33L1, 33L2 of the TsD-33 wnit and switchi. on the receiver
after transmlssion of a radar pulse for Jjust the period neaded [or recep-
tion of reflected signals from maximuwn range.

In the aiming mode from unit TsD-37 to recelver wodulator is fed a
narrovw gate pwlse which coincides with the target pulse, so that the modu-
lator turns on tne receiver only for the period of targzet-pulse reception.

3. Forming the ShiRU (Automatic Cain Stanilizetion)Gate
a) In Scanning end Aiming Modes With Reflected Signals

A sync-pulse from the blocking-osclllator (right half 25L13) load
triggers the delay phantastron (25L7; left half 25L3.) Faantestron pulse
duration is varied (uvobbulated) in the range of 25 to 75 microsec with
fmmmmyofpwm'wmﬂvauQefrmém)M)%Ocm.

Blocking-oscillator of the ShARU gate (right half L3) is teigsered
by the differentlated pulse corresponding to the trailing edje of the
phantastron pulsc.

Pulse gate of the ShARU is fed to a receiver modulator (33L10; left
half 33L11) in unit TsD-33 and to ShARHU rate limiter (left halfl 2{12) in
unit TsD-20TK.  Recelver modulator turns o1 receiver I-F amplifier for
operation of the AGC circuit of the receiver with respect to set noises.

- Wobbulation of the SLARU trigger pulse obviates-the possibllity ol’gain
regulation in receiver TsD-33 for signals reflected from disbtant targets
arriving at the instant of ShARU operation, thus preventing any reduc-
tion in receiver amplification. :

To the winding of relay 25R1 in DU is fed $27 volts, which operates
the relay and increases pulse duration of the ShARU phantastron (25173
left half 25L3). In this mode of operation the blocking-oseillator pulse
period 1s 1/TL9 and the ShARU gate pulse ig formed for each cycle.

b) In the "pomekha" (noise) mode

In the "noise" mode & synchronizing pulse is fed to unit TsD-20TK
to trigger the delay phantastron (26L6, right half 20L7). A dliferen-
tiated pulse, corresponding to the trailing edge of the phantastron pul-
se triggers the ShARU wide-gate blocking-oscillator (26L9).

A ShARU wide-gate pulse ig fed throuzh a cathode follower (left
half 26L7) and throush closed (in "moise" mode ) contects 6 and 7 of
i
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relay “2R20 to the recelver modulator (33L10; left helf 33L11), as well
as to the gate limiter (left half 2612) of the TsD-26TK unit.

In this mode only the ShARU vide-gate pulse is fed to the recelver
modulator, .walch twrns-on the receiver for reception of noise interferen-
ce.

Section 2. Radar Channel
The radar channel performs the following functions:
a) generation and radiation of radio-frequency power pulses;

b) recepbion and conversion of signals reflected from the target
and reception ol emooth noise interflerence;

¢) switcies radio-frequency pover froum antenna to antenna equiva-
lent on proper commandj

) d) forms the directivity psttern, radiates and receives radio-fre-
quency Cnersys

e) fecds target video pulses and smoobth nolse inberference into in-
dicator channels in the scan mode, and to the range channel and to the
antenaa control channel in the aiming mode.

Components of the radar channel are located in the following units:

" a) in the sync-pulsc and "Pop-Botton" markers forming unit TsD-36
which forms the transmitter trigger pulscs;

b) in transceiver unit TsD-32TK, which generates radio-Llrequency
pulses and converts radio-frequency pulsas reflected from the target in-
to I-F signals;

¢) in the TsD-29TP unit, which switches radlo-frequency CNCrsy
either to antenna or to the gbsorbing load;

d) in anteana TsD-31TP which radiates and recelves radio—frequéncy
signals with a highly-directional bean;

€) in the receiver TsD-33, which amplifies the I-F signals and
converts them into video signals.

1. Radiation of the R-F Signal'

Positive-polarity pulsss from cabhode follouer 30L5 of walt TﬁD-36

- o
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with amplitude of L0 to 60 v are admitted to emplifier 32L1-1. Positive-
polarity pulses from the amplifier load are used to trigzer sudnodulator

32L1-1.

The submodwlator forms pulses of variouz duration 1n the lock-on and
scan modes,

Duration of submodulator pulses is varied by chanzing the cepecitance
of the blocking-oscillator capacitor.

RF energy is aduitted to wavesuide with an AT/R switch, which serves
to match the magnetron output with the load and prevent magnetion absorp-
tion of signals reflected from the targe.

RF energy firesrhumbatron 32L3 which protects receiver cryseals from
overload during magnetron operation. Energy from the magnetron output,
due to the presence of-a slot bridge in the AT/h svitech, distrivutes al-
most equally between upper and lever ams.

At the output of the device, the energy from the lower and upper arms
is added up since it colneides in phase, and then 1t is transuitied alon;:
the wavegulde through thne "Antenna-Bivivalent" suitch unit TsD-29TTM) to
the antenna. The antenna radietes this encryy into space in the form of
8 highly directional beam.

Decoupling of thé magnetron output with the antenna by the AT/R
switch reduces the effect of the antemns load variation (durin; rotation
of the radiator and movement of the flat reflector) on frequency fluctua-
tion of the magnetrod, This facilitates operating conditions of the APChK
circult and, tncruxore, reduces error durlny angular tracking of the tar-
get.

After completion of the redar pulsc trensmis sion, the gas-

tube stops firing end opens access to the mixer for siznals re;lCCued
from the target.

Thus the AT/R switch and gas-discharge tube permit use of a single
entenne for both transmission end reception.

The radar antenna consists of two parabolic dishes having provi-

slon for polarization rotation. An antennd of -this desizn makes it pos-
sible to:

1) maintain steady amplification facﬁor even at large anzle of an-
tenna dish rotation; ‘

o
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2) increase the rate of space scanning by increasins the ang le of
anténna beam deflection as compared with the angle of antenna dish de-
flection;

3) to form a highly directional antenna radiastion pattezn with re-
latively few side lobes.

To reduce the scan time and to reduce time. for radar switching from
scan mode to firing mode, space scanning is carried out with a scanning
bean.

Redio-frequency energy 1s admitted with the ald of unit TsD-2 29TPM
to antenna or to artenna equivalent in compliance with commands received
from the control panel TsD-LLUTPH of the radar.

Unit TsD-29TPM consists of the following components:

-wavegulde switch with electromagnetic drive;
-antenna equivalent;

~ddrectional coupler;

-flexible vavezuide.

The wavejuide switeh with electroma nctic drive consists of an elec-
tromagnet whose shaft 1s coupled to thne rotor of the wavezulde u.iltch.
The rotor of the wavezulde suiteh is in the form of an elbow (00 ) wave-
guide section.’ In compliance with a given cod mand, the rotor of the
waveguide switch effects coupling of the mein transmitter wave: suilde with
either the antenna vaveguide or with the antenna-equivalent vaveguide.

The command for switching to antemna equivelent is actuated by 427y
voltage from the aircraft network tiroush unit TsD-li2.

The command for switchinr-on of the auﬁenna 1s actuated by 427 vol-
tage from the control panel TsD-L1UTPM, This comaand (when tozzle switch
"Izluch. - Ekvival." "Radiation - Equivalent” of unit TsD-L1UIPH is set
in position "Izluch") can be given only after the radar has been connect-
ed for operation. Thus, when the radar is\konnecteu for opelaulou, the
unit TsD-29TPM is automatically switched to' position "Ekvivelent"

Unit TsD-29TPH has provision for blocking, which excludes %he pos-
6ibility of suitching-on the transmitter hish-voltage at intemsediate
positions of the waveguide switch rotor.

The antenna equivalent (absorbinz load) function is to absorb radio-
frequency enerzy and it consists of a wavezuide with vwedges of absorbing
material placed alon; its walls.

44
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Sizes and shapes of these wedzes selected with a viev to matching
the characteristic impedance of the antenna equivalent with thet of the
waveguide, as well as for wnifrom dlstribution of power alonz the wave-
gulde of the entenna equivalent.

The directlonal coupler is in the foim of two mutually perpendicu-
lar, coupled vaveguides whlch are electrically comnected to each obher
by two slots. The use of two slots provides an attenuvation ol about 30
db., The flexible wavegulde connects unit TsD-29TPH with transmitter
TsD-32TK which is mdunted on the radar [rome with shock absorbers.

The directional coupler serves to comnect radar monitoriny instru-
ment RIP-1 (GK4-10).

2. Reéeption ol Signal Reflected From the Target and Smooth Nolse In-
terference

The signal reflected from & terget is intercepted by the antenna
through the vavejuide track, the AT/R switch of the transmitter and
then passes to crystal detectors 32DL and 32D2 of the balanced mixer.
C¥ from the klystron local oscillator are fed to the mixer.

As a result of mixing of radilo-frequency energy reflected {rom the
target with radio-frequency energy from the klystron local-oscilletor,
I-F signals are formed at the crystals vhich are fed to the input of
the I-F preamplifier.

The I-F signals after amplification in the preamplifier are fed
through coaxlal cable F1 to the input of the mein I-F amplifier locat-
ed in unit TsD-33. |

For protectioniof the receiver from various external noises the
UPCh (I-F amplifier) operates only during the gating pulses gencrabed

by the receiver nodulator.
|

Reception moduiation is carried out in the first two stages of the
UPCh (I-F amplifier). Depending on the radar mode of operation the am-
plifier stages conduct only:

a. duriny thejperiod of wide gate and ShARU gate when operating
in scan mode; ) ' ‘

b. during the .period of narrov gate and ShARU when operating in
aiming mode; | |

. | i
c. during the|period of ShARU wide gabe when scanin: and aiming
for snooth noise interference.

|
|
|
|
FT
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Therefore, the nolses and signals vill appear at the receiver out-
put only during the indicated gates. ’

3. Recelver QOperation in the Scan Mode.

In thé scan mode the receiver conducts nolses and signals dwring the
wide gate Ty and SIARU gate, which are formed by the receiver nodwlator
consisting of multivibrator-selector IL10 and & buffer stage using the
left half of L1l. ) i .

During the generation of wide gate, the stage using tube L1O performs
as a driven multivibrator which is triggerced by a 30 to L5-v pulse from
unit TsD-36. During operation with ShARU gates the tube L10 functions as
a limiter of ShARU gates, which are admitted to its input through & buf-
fer amplifier using the left half of L1l, from unit TsD-25TK through con-
tacts 8 And 7 of relay 42P20 of unit TsD-h2.

.Since the amplification of the recelver in the scan node is deter-
mined by the level of noise in the ShARU gete, provisions arc nade to en-
sure some noige immunity of the ShARU circuit.

For protection from ground pulses the ShARU gate is wobbwlated by
475 microsec, vhich somewhat lowers the probability of entry of ground
pulses into the ShARU gate. Protection of the ShARU ciyewlt from pulse
noi;es is achicved with the aid of & pulse-noise limiter (left nalf of
L15).

To prevent possible overloads of the receiver from tranmitter pul-
ses, triggering of the multivibrator-selector is delayed with respect to
the transmitter triggering pulses, while the fifth staze of the I-F em-
plifier is cut ol by positive pulse at the cathode.

L. Operation of the Receiver in the Aiming Mode

In the target-aiming mode, trigsering of the multivibrator-selector
by pulses from wnit TsD-36 is discontinued, whlle narrow gate from ranze
unit TsD-37 is fed to it. Prior to lock-on of the target by the range
unit, the narrou zate moves with respect to range from Pa.p. (bezinning
of search) to Dx.p. (end of Ssarch).

After tarzes lock-on, the narrow gate coincides in time with the
target position. '

Thus during the aiming mode the receiver operates twice: during
the ShARU gate and during the narrow gate which range tracis the target.

4l
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To improve noise immunity of the anvenna control channel during tar-
get automatic tracking, the receiver outpul to unit TsD-UOTK is selected
by the range gcate which is admitted from unit TsD-37 througzn contacts 3
and % of relay %2R21 of wnit TsD-42.

5. Recelver QOperation With Smooth Noise Interference

When the radar is operating in the target scan mode, the appearance
of smooth noisc interference siiows up in the form of increascd amplitude
of noises at the recelver output during the wide pate and ShARU zate.

The ShARU circuit does not fully climinate increase in noise (due
to the action of the pulse nolse limiter). The rise of noise pyh_v in-
dicates the presence of smooth noilse interference(the "pomekha" lamp be-
gins to glow on unit TsD~3hTPM.) Presenvation of sinooth nolse inbterfer-
ence occurs in unlt TsD-250K, to which nolses and signals are adnitted
from the receiver output. In the presence of smooth noise interlerence
the pllot sets the tozgle switch "Pomekha-Soprov. -Zakr.luch" (lloise -
Tracking-Locked-on -~ Beam) on unlt TsD-hLUIPH to position "Pomeinz",
thus switching the rader to smooth-noise chnrlng mode.

In this mode only‘wide ShARU gate is supplied to the receiver nod-
ulator.

6. Automatic Frequency Control of Klystron (APChX).

The APChK maintains constency of the difference between Klystron lo-
cal oscillator frequency and that of the magnetron, thus emsuring stabi-
lity of I-Fiindependently of klystron or magnetron frequency deviation.
Such stability of I-F ensures accurate reccption of signals reflected
from the target. The APCnK component is located in unit TsD-32TK,

The componcnt can operate in tvo modes:

a. "poisk chastoty (frequency search) mode
|

b. AFC mode
‘a) "Frequency Searcn” Mode

At the instabt of switching-on of the magmetron a small portion of
its energy is divertedito the APChX (32D3) converter cavity, wiere it
together with the radlo -frequency energy from the klystron locel-oscil-
lator acts upon the crystal detector. As a result of this action the
I-F i3 formed at the /detector. Since the frequency of the klystron
local- oscillator is being continuously channed by the saw tootn voltuze
admitted to the nlyuhron reflector fron tue control circuit of the APChK,

47
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the I-F also changes continuously.

The frequency canfn‘ hue_s to change wntil the I-F approaches the nomi-
nal value to which the I-F amplifier circuits are tuned.

b) AFC Mode ;

Negative voltage at the control grid of '32Lk-5 disrupts generation
of the transitron oscillator and makes it opérate as a dc amplifier. Its
plate voltage, which i proportional in magnitude and sign to I-F devia-
tion from nominal value, 1s fed throush cathode follower 32LL-6 to the
klystron reflector and changes its frequency until the I-F becomes equal
to its nominal value.

If the I-F for some reason devietes outiof the control range, then
the transitron oscillator will again begin to generate the saw tooth
voltage, i.e., the APChK circuit will retwrn to the search mode.

c) Manual Frequency Control of Klystron
When the radar operates with discomnected high voltege, the APCHK

circult perfornms the frequency search, while the noise at the receiver
output of unit TsD-33 varies with the {requency of search.

For radar operation with disconnected high voltage and with comnect-
ed ground control panel TsD-U3, provisions are made for manual frequency
control of the Xlystron. .

- When the toggle switch "RRChK - APCHK" (Klystron Manual FC - Klystron
AFC) on unit TsD-kS is set in position "RRChK" then {27 voltace is fed %o
relay 32 R4%-1 of unit TsD-32TK. Now relay 32R4-1 operates and disconnects
the input of cathode follower 32L4-6 from the trensitron oscillator. At
this time negative voltage from panel TsD-1:3, which is controlled by po-
tentlometer "Napr .RRChK" ("Voltage Manual AFC"), is Fed to cathode follo-
ver input (32L4-6). ‘

A change in this voltage also changes the negative voltasge at the
Klystron reflector, thus chanzing its frequency.

Section 3. The Sccond-Trace Echo and Rendom Pulse Nolse Suppression Circuit.

The nolse suppression channel ensures proper radar performance in
presence of reflections from ground during distaent scanning,toe random end
second-trace echo pulse noises arriving during the second period of radar
operation.

48
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Components of the noise suppression channel are located in the fol-
lowing units:

&. 1in the synchronizing and nolsc suppression wnit TsD-25TK,
b. in recelver TsD-33,

¢. in the junction box TsD-42, which provides proper switching of
the nolse suppression circuits.

1. Suppression of Pulses Reflected from Ground and Arriving Durinz The
First Cycle of Redar Operation.

Due to the great reflecting surface, the pulse reflected from the
ground and recceived by radar during the first cycle of operaticn hos a
considerable duration. ' Suppression of such ground pulses is achieved
by & gating circuit which selects on the bagis of pulse duration. Tiis
circuit consists of::

a) limiter (left_half 25L3),

b) delay line 25L2-k,

¢) delay line 25LZ-5, 25LZ-10 end video emplifier (right half 25L3,)
d) pulse-vidth discriminator 25L1k.

Video pulse from target and pulses reflected from ground ere fed
from receiver TsD-33 output through nigh-frequency cable F5 to unit TsD-
257K, ' Limiter (left half 25L3) serves as an input in unit TsD-25TX,
while the delay line LZ-l, shorted at the end, serves as a load to the
limiter.

At the output of this delay line appgar two pulses of equal dura-
tion, but oppocite in polarity and delayed pith respect to eacih other.
The magnitude of such & delay is determined by the pulse duration at
the limiter input.

The positive pulse of the two is admitied directly to the pulse-
width discriminator circuit 25L1k, while thp negative pulse is delayed
in delay line LZ-5 and LZ-10 and then is adnitted to the video emplifier
(right balf 25L3). Positive pulse from the video amplifier output is
also admitted to the pulse-width diseriminator. The pulse-width dis-
criminatoriwill permit passage of signels oply if pulses from the limiter
output (left half 25L3) and from the video amplifier (right half 25L3)
coincide at its inp%t.

i
!
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Thus the pulses reflected from the ground and axriving dwring the
first cycle of redar operation will not pass through the pulse discrinmi-
pator circult to unit TsD-25TK due 4o their greater width. (duration).

o, Radar Protection From Random Pulse Noise

Protection from random pulse noise is achieved by a special suppres-
sor clrcuit in unit TsD-25TK, which congicts of:

a) a coincidence circuit 25L5 vhich passes video signals only in
case of coincidence of non-delayed and delayed pulses, the latter delayed
by the repetition period of the target video signals;

b) a delay circuit which provides video-pulse delay for a period
(cycle) of radar repetition;

¢) integrating circuit which amplifies signal amplitude.

The rendom pulse nolsesz, the period of repetition of which differs
from the radar pulsc repetition rate, will not coincide in time on the
grids of the coincidence stage and therelore will not be adaitied to the
output of the unit. Probability of coincidence of ranuom pulses is low
due to tneir irrcgular appearance.

3. Suppression of Ground Clutter Arriving During the Second Period of
Radar Operatlon

Unit TsD-25TK has provision for suppression of ground clutter hav-
ing the repetition period of the radar 1/TS psec and arriving during
the second cycle of radar operation. Due to preat reflecting surface of
the ground, these signals may have sufficient intensity at the yrceelver

output to forn spurious target marks on the indicator.

To protect the radar from such ground clutter noises, wobbulation
(modulation in 4ime) of radar pulses ig utilized. To engure Lroper per-
formance of the suppregsion systen dueinz the first period (cycle} of
rader operation, dewobbulation of signals reflected from the targset is
used.

\F. Suppression of Yoises Arriving During the Time of Recelver Operation
Actuated by Pulses From ShARU '

To prevent Laosage of pulse nolses or pulses reflected froa distant
targets, et the receiver output, during the period of its operation by
ShARY pulses, the SnARU pulses are wobbwlabed (modulation of pulsc repe-
tition period).

50
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Wobbulated ShaARU pulses are formed in unit TsD-25TK by a circult con-
sisting of:
a) delay phantastron 25L7 end left half 25L5;

b) blocking-oscillator of ShARU pulses (risht half 2513);

¢) cathode follower left half 25L13.

The syac vulses from the blockinj-ozeillator output (rizht hzlf 25L-
13) trigzer the delay phantastron 25L7, uhich forms pulses in the scan
and aimiay modes. Chenge in the duration of phantastron pulses is achie-
ved by switching countacts 3, L and 5 of relay 25RL. The blociing-oscil-
lator of SnARU pwlses (right half 25L5). is triggered by the dilferentiatad
trailing edgse of the phantastron pulse.

In addition, the receiver is protected from random nolses by a pulsc-
noige limiter (left helf 33L15) walch, in the "nolse" mode is disconnect-
ed by relay 3332. To prevent upsetting of synchronization in unit TeD-

25TK by pulse noises arriving in the zone ol ShARU noises, the SMIU pul -
ses from the blockins-oseillator (right hall 2513) output are fed to pulse-
width discriminatcr 25L14% and block it for the period of SWRU operation.

Thus tuening on of the receiver and gating of the ShARU circult by
vobbulated pulses ensures suppression of noises in the SnARU ate.

In addition to wobbulation of ShARU pulses, there is provision for
detuning of the klystron oscillator of unit TsD-320U for the period of
ShARU action.

5. Protection of AGC System of Receiver I-F Amplifier From Randon and
Irregular Noises

Noise imaunity of the AGC system of the receiver I-F anplifier is
achieved by time discriminutor and balenced detector.

Two coincidence stages(33L17 and 33L13) ave used as the time dis-
criminator.

When present, the noise will coincide with the first or second gates
of the AGC in the coincidence stages. The generated pulse signals are
detected by the diodes of the difference detector 33L16 and are cubtract-
ed on the common load. Therefore the resulting voltage is almost zero,
so that the noise elfect on target-pulse snplification in the receiver
igs insignificant.

The AGC system of the recelver I-T aiplifier operates oy durdng
N < 1
the traczinyg mode. ‘

.
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6. Protection of Antemna Control Channel From Noize

To enswre noise: immunity of the antenna control channel during auto-
matic target tracking in unit TsD-33, range gating for tarzet signals is
used on unit TsD-LOTK, in addition %o narrov-gate discrimination in the
recelver. At the colncldence of the ranze gate with the target, pulses
from the coincidence stage output are taken in this gate and are fed
through video amplifier and cathode follower 33L21 to the antenna conbtrol
unit TsD-LOTK.

Section k. The Rengé and Passive ECM Suppression Channel

This channzl performs the following functions:

a) supplies the receiver TsD-33 with narrow gete;

b) perfoms autometic search and selection of locked-on targset on
the basls of rate of closing with it, while in target delay range fronm
Tx.p. to Tk.s.

¢) lockin:-on and automatic range tracking of target in the dclay
range of Ti.p,to Ti.s..

d) protects the range measuring part of the channel from the effect
of passive noige ceused by dipole chafl dropped by the target aircralt;

e) automatically determines the present range to target duwcing tar-
get tracking;

’ ) 0] mn ! > v
f) supplies range pulses with amplitude of 3013 v for seting the
antenna control channel input and for forming of the range markers in the
indicator; .

g) supplies "gate ARU-1" and "gate ARU-2" (pulses with ecmplitude of
60 to 100 v) to the protection circuit of the AGC of the receiver.

The elementc of the chamel arc located in the followin: waits of the
radar:

in the renze unit TsD-37,

in the synchronizetion and suppression unit TsD-25TK,
in the receiver unit TsD-33,

in the sveep unit TsD-43,

in the indicator unit TsD-34TPM,

in the DV3 instrument.

Blestricel cormestion of wrlts is achieved throush wnit Ten-ho.

50X 1-HUM}
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The whole chennel consists of:
a) autouatic tracking system;
b) lock-on automatic device,

¢) circuit for protection of ranze meter from the action of passive
noise.

The principal circult nere is the automatic tracking systea, which
conducts automatic search and autometic ranze tracking of the target. The
other two systens are stbsidiary to the {irst one, and each one perforas
its specific function.
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1. The Automatic Tracking System

The automatic tracking system begins its search for the range to
the target after the button marked '"Zakhvat" (lock-on) on the aircraft's
control stick 'has been pressed. At this moment control stage 37L13
(right half of tube 37L12), whose screen grid was previously blocked,
switches to an oscillating mode, representing a transitron os~illator,
and genrerates a linearly dropping voltage (“slow saw-tooth"),

The linedrly dropping saw-tooth voltage jpasses from the contrel
stage through |a distributing diode (half of L20) to a comparator (left
half of 37L3) where it is compared with the linearly- dropplng saw-
tooth voltage ("fast say~tooth”) of phantastron 37L1 (left half of
37L2). The phantastyon is triggered by pulses from wnit TsD-25TK and
generates a linearly dropping saw-tooth voltage having a duration of
[numbers missing}. The comparator is based on the left half of tube
37L3 and establishes the moment of equality of the absolute values of

®voltages from the phantastron and the control 'stage; at this moment the
comparator gencrates a negative pulse which triggers the gate blocking
oscillator (left half of 37L4, 37LS). The narrow-gate blocking oscilla-
tor shapes a pulse which gates the receiver in the DU and aiming modes,
This same pulse triggers the half-gate blocking oscillator (right half
of 37L4, left half of 37L6) which is used to shape the "range gate"
pulses. One pair of half-gate pulscs passes to the coincidence stages
of the tracking system (tubes 37L7, 37L8), and the other pair passes
‘to the coincidence stagés of the automatic lock-on system (tubes 37L14,
37L15). When target video pulses appear and coincide with the half-
gate pulses, the tracking system switches to the target tracking node.

- If target pulses afe absent, automatic scarch takes place,
[

In order ito produce a visual display of range to the target, the
range and passive-ECM protection channel generates a range pulse taken
fron the load jof a cathode follower (half of 37L26)., Then the range
pulse is shaped by the indicator into a range marker located on the
artificial target displdy (the "bird"),

2. The Automatic Lock-On Device

The automatic lock-on device records the moment of target lock-on
and transition of the automatic tracking system from the search rode
to the automatic tracking mode.

The automatic lock-on device of the range and passive-ECM protec-
tion channel consists of:

a) coincidence stage I (37L14), coincidence stage II (37L15),
difference detector 57L16, and discriminator;
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b) amplifier (half of 37L17);
c) electromechanical relay Rl, R2 (37L10).

Current passing through relays Rl and R2 causes the relays to
trigger and converts the set from the scanning node to the aiming mode,
as a result of which:

a) voltage from the search direction commutator is cut off from
the cathode follower of the tracking system discriminator in the range
and passive-ECM protection channel;

b) the "menmory" (capacitor) element is connected to the detector
of the tracking system discriminator, providing storage of the closing
speed with the target during automatic tracking;

¢) connects the capacitor to the tube grid of the electromechanical
relay in the automatic lock-on device, delaying release of the automatic

lock=on device in the event that the target signal disappears;

d) connects the windings of doubling relays 42R6 and 42R6-1 to
ground;

e) energizes the circuit which signals dangerous closing range;

f) connects range voltage to the U .. and U ax voltage-shaping
circuit; - n

g) disconnects the search limiter;

h) ' disconnects power supply from the search shift stage of the
passive~ECM protection circuit,

3. Circuit for Protecting the Radar Agalnst the Action of Passive Inter-
ference (Passive-ECM) ;

The follow1ng stages provide protect1o1 of the radar against the
action of passive-LECM:

a) coincidence pulse anplifier of coincidence stage II of the
tracklng systen discriminator (left half of 371L11)

b)  speed selector (left half of 37L1$)
\

c) blocking stage of the automatic lock-on device (right half of

d) s‘,earch sh:.ft stage (left half of 37L19),
|
|
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¢) multivibrator R5 (37129, 37L30)5
f) stage for disconnecting search shift (right half of L18).

When the target aircraft switches on its device for creating passive
interference, bundles of dipole reflectors are ejected from the aircraft
into the rear hemisphere and disperse once they have separated from the
aircraft, The main pulse from the radar transmitter is reflected from
these bundles of dipole reflectors. Thus, these pulses reach the xe-
ceivex input along with the pulses reflected from the target. Depend-
ing upon the rate of ejection of the dipo’es fyom the aircraft, the
noise may have the character of either discrete pulses or a vchaff cloud”,

The effect of passive-ECH on an wprotected radar set reduces to
the situation where, as the interceptor approaches the chaff-dispersing
aircraft, the active zone of the intercept radar first "sces" the noise
pulses, which are closer to the interceptor than the target pulscs and
cause triggering of the autonatic range lock-on device. The radar begins
to track the noisc pulse while the target is lost and use of the radar

becones impossible.

If the target aircraft is being tracked and it begins to cject
bundles of dipole reflectors, then as a result of the fact that the
reflectors disperse immediately after scparation from the aircraft and,
consequently, the target pulse and the noise pulse which has just se-
parated fron thc target are indistinguishable with respect to their
Tange, the automatic tracking system "locks on" the noise pulse and is
led avay from the target toward the noise. As a result the target 1is
lost.

A circuit for protection against passive ECM nust perforn the
following functions:

1) analyze the closing specd of the locked-on pulsec; continue
the search and unlock from this pulse;

2) provide stable tracking of a target which disperscs chaff;

3) pernit range determination to a target in the presence 50 '
"chaff clouds". 0X1-HUM

1. Unlocking from the noisc pulse and continuing the search is
achieved Through the use of a speed selector (left half of tube 37L18)
which the pilot activates with the toggle switch marked "Zashchita
R-2L ot passiv. pomekh" (protection of R-2L against passive ECM).

The closing speed of the interceptor with the dipole reflectors
at the applied angles of attack is significantly greater than the
closing specd with the target and is close to the flight speed of the
interceptor.

56
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The system operates as follows: the automatic range tracking systenm
"locks on' the noise pulse and begins to track it, The negative voltage
crom the cathode follower (left half of 37L17) of the tracking systen
discriminator, representing the closing speed with the noise, passes to
the input of the speed selector. At the same time, a positive spced
voltage passes to the input of the speed selector from the air speed
data unit (DVS).

This voltage is introduced for the purposc of expanding the range
of tracking speeds, that is, as the flight spced of the interceptox in=
creases, the speed required for tracking also increases.

The total voltage closes the normally open tube of the sveed sclector
(left half of 37L18), and the voltage at the output of the selector in-
creases and unblocks the tube of the stage which blocks the automatic
lock-on device (right half of 37L19) and the tube in the search shift
stage (left half of 37L19) .

Simultaneously with blocking of the autonatic lock-on stage, the
tube of the secarch shift stage opens and triggers relay R3. The relay
then connects capacitors 37C49, 37C50, which have been charged prelin-
inarily by part of the range voltage, between the grid and the plate
of tube 37L13 in the control stage, with the positive side to the grid.
As a result, the range voltage drops sharply and the gating pulse and
half-pates "rebownd" in the direction of greatex range.

In order to facilitate ground checking of the speed selector, the
channel incorporates a DVS voltage simulator which is comnccted by the
signal "Shassi vypushcheno" (wheels down)., It is then possible to
sinulate the flight speed of the interceptor.

2. Stable tracking of a target vhich has ejected dipole reflectors
is achieved by the introduction of an imbalance inte the discriminator
of the automatic tracking system and the introduction of a balanced AGC
circuit in the receiver,

Imbalance of the discriminator is achieved by the pulse amplifier
of the second coincidence stage, the tracking system discririnator (half
of 37L11).

The presence of aidealyed gate pulse (IF amplifier gate) relative
to the target pulse leads to the situation where only a minor part of
the noise pulse passes through the receiver's! IF amplifier, which pro-
vides additional protection against passive ipterference.

'3, Search for the target under "chaff cloud" conditions is achieved

as a result qf 1n5aIanFq of the discriminatoy of the zutonatic range track-
ing system:and the use of a balanced discrimgnator at the input of the
automatic lock-on circuit. }
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Wlhen the "range gatc” coincides with the "chaff cloud,” imbalance
of the tracking system discriminator causes the "range gate" to begin
shifting toward the trailing edge of the pulse and, in this manner, the
"range gate' rmoves within the "chaff cloud." When the "range gates'
reach the trailing edge of the pulse, which corresponds to the position
of the target, the automatic lock-on triggers and begins to track the
target.

Section 5. The Fire Centrol and Break-Off Computer

tihen the fire control and break-off computer is in the automatic
range tracking mode (aiming mode} it forms on the artificial target
display -- the "bird" -- a zone of firing, and when the interceptor has
approached the target to a range of Dopt. firing and closer, it signals
the pilot of a dangerous closing range.

Components of the computer arc located in the following units of
the radar:

In range unit TsD-37;

in synchronization unit TsD-25TKj

in receiver TsD-33;

in sweep unit TsD-46;

in indicator TsD-34TPM;

in unit VTsD-30.

Electrical connections between the units are provided by unit TsD-42.

1. The Fire Control Computer

The firing range depends on the closing specd of the interceptor
with the target and the flight altitude.

The permissible firing zone is limited by two ranges -- the minimum
range D . and the maximun range D, .. The maximum firing range depends
on the C1Bsing speed of the intercép%or with the target and the flight
altitude, while the minimum firing range is constant.

The firing zone is portrayed on the artificial target display (the
"bird") by impressing the negative zone pulse, produced by mixing the
two positive square pulses of the phantastrons -~ the Dnin phantastron
and the D, . vhantastron of unit TsD-46, on the positive "bird" intensity

pulse, .
A
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The minimum and maximum limits of the firing zone are proportional
to the duration of the phantastron pulses D .. and D , respectively,
: n
The duration of the phantastron pulse Dy,., in turn, "¥s controlled by
the constant coltage U, This voltage is generated by a special

circuit located in unit %sD 37, Voltage U, is proportional to the
closing speed and the flight altitude,

Thus, the minimum limit of the firing zone produced by phantastron
pulse Dmin is constant.
The maximum linit of the firing zone produced by phantastron pulse

Dnax is proportional to voltage Umax and, consequently, is proportional

to the closing speed and flight altitude,

Voltage U,.. is the sum of thrce voltages:
a) voltage U(i), which is proportional to the flight altitude of
the interceptor;

b) the constant zero-speced voltage;
c) a voltage proportional to the closing speed.

The vuriable voltage from the altitude data unit VIsD-30, which is
proportional to the flight altitude, passes to one of the outputs of
the altitude voltage rectifier (half of 37L20).

The Dmin and Dmax pha’ntastrons of unit TsD-46 are triggered by

synchronization pulses from unit TsD-25TK and generate positive square
pulses.,

The positive pulses of the phantastxons are mixed in a mixer tube
(half of 46L16)., The plate load of the mixer prouuces a positive square
zone pulse whose leading and trailing edges: coincide in time with, res-
pectively, the tra111hﬂ edges of the D hin and D phantastr0u pulses.

This positive pulse is amplified by a vxdeo amp11f1el (half of
46L16) and its phase is shifted 180°,

i

As it passes through the cathode folloyer (half of 46L4), the positive
zone pulse 1s mixed at the common load of the mixer and the intensity
nultivibrator (46L3), and the negative zone\pulse is mixed with the posi-
tive "blrd" 1nten51ty pulsc.
1

Hence, in the presence of a zone pulseJthe "bird" is not illuminated
and dark segnents -- the "firing zone" -= are formed at the "wings'" of
the "bird,"
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2. Device for Signalling Dangerous Clesing Range

The signal indicating a dangerous closing range is dispalyed on the
"o" ("Otvorot" - break-off) display, located above the indicator screen,
when the closing interceptor reaches the danger range to the target air-
craft,

The zone of dangerous closing range, which is in the form of a
positive square pulsc, is generated by a phantastron bascd on tube
37128 in a circuit with cathode coupling., The phantastron is triggexred
by synchronization pulses from unit TsD-25TK.

The duration of the phantastxon pulse is determined by the value of
the plate voltage sct by the "Komanda" (command) potentiometer (37P198),
which is connected in the +250-volt (stab.) voltage divider network and
depends on the value of voltage U Voltage Umin is generated by the

Unin
with the target, At an altitude of 14 km the voltage at the plate of
the phantastron increases suddenly, which means that the duration of the
‘pulse generated by the phantastron also increases.

min*
and U ax voltage-shaping circuit and depends on the closing speed
n ¥

When the half-gate pulsc coincides with the phantastron pulsc, the
comparator gemeratcs a negative voltage which closcs the normally open
tube (half of 37127) of the d-c voltage amplifier. The veltage at its
plate increases and the voltage at the input of the electromechanical
relay increases from =30 volts to zero. Electromechanical relay R4
(half of 37L26) triggers and connects the +27-volt supply to the lamp
in the "Otvorot" display located above the screen of indicator TsD-
34TPM,

Section 6. The Antenna Control Channel

The antenna control channel provides for:

a) control of the antenna in the scanning mode;

b) setting the antenna in the "DU" and "Zakrcplennyy luch' modes;

¢) automatic angle tracking of a locked-on target;

d) automatic angle tracking of a source of smooth noisc interference;

e) sending voltages from the azinuth and elevation selsyns to the
indicator channel of the radar for the purpose of synchronizing the in-

dicator sweeps with the position of the radar bean in space;

f) stabilization of the tilt position of the antenna until transfer
to the aiming mode; .
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g) disengagenent of il stabilization uvon transfer 1o ihe eiming

node.

Elements of the antenna control channel are located in the folloving
units of the radar:

a) in antenna control wnit TsD-LOTK, which forms the control volt-
ages giving motion to the antemna in the azimuthel and elevation dir-
ections;

b) 4in unit TsD-37, which generates a "ground" voltege through the
"Sbros” (break off) button to automatic lock-on relays h2R6, L2R6-1 of
unit TsD-I2 after range lock-on of the target;

¢) in the megnetic amplifier erd +ilt stabilization wnit TsD-IUTP,
which emplifies and converts the signals from wnit TsD-LOTK into volteges
vhich control the operation of the azimuth and elevation motors of unit
TsD-31TP. Unit TsD-MATP also provides tilt stabilization of the antenna
and disengages tilt stabilization upon transfer to the aiming mode;

d) 'in entenna unit TsD-31TP, which provides motion of the scanning
bean and generotes volteges for entenna control unit TsD-LOTK for the
indicator channel and unit TsD-LLTP.

e) 1in receiver TsD-33, vhich provides a pated terget pulse.to en-
. tenna control unit TsD-LOIK;

1) in junction box TsD-42, which ensures cormutation of the net-
works of the antenna automatic control device;

g) in the radar control panel TsD—hJUTPH, which provides for
switching of the operating modes of the radar.

1. Space Scanning

In the scanning node the antenne control system provides for
swvinging of the flat reflector of the antenna in the azimuthel direc-
tion end for step-like changes of the reflector in elevetion.

At those moments when the flat reflector of the entenna passes
through the outermost points of the azimuthal line, the phase of the
voltage taken from selsyn 31Sn3 chenges by 180° (see Fig. 9) end, in
one half of phase detector tuoe LOL2, is in opposition to the reference
voltage dpplied to this half of the tube.| This helf of the tube opens
briefly under the influence of the positive half-wvave of the reference
voltage, ‘causing a reversal of £lip-flop MOL3 cnd e change in sign of
the current inbalance in ti2 IF amplifier (twle LOLYL).

A |
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The appearance at the input of the scarch circuit and DU (with
respect to elevation) of voltege "jumps" having one or another phase
corresponds to a juup of the antenna reflector correspondingly to the
upper or lower line, while the absence of & "jump" corresponds to
movenent of the antenna to the middle. line.

Thus, the phase of the voltage "jumps" determines the direction
of movement of the reflector with respect to elevation (upward or
dovnvard) relative to the middle line. The action of the voltage from
selsyn 31Snl returns the antenna reflector to the middle line. |

In order to protect the radar against "ground" pulses during
flights at low altitudes, the bottom line is deactivated. Voltage
"Jurps" with a deactivated bottom line are shown in Fig. 10.

The trajectory of the beom will be es shovm in IFig. 1l.

The pilot may deactivate the botvom line by placing the toggle

suiteh marked "Zashehita R-2L ot zemli" (protcction of R-21, against

. ground), which is located in the cockpit, in the position "men'she"
(1ess).

A "ground" voltege passes from the toggle switeh in unit TsD-MOTK
to the winding of reley MORS. The relay triggers and interrupts the
circuit which.supplies a single reference voltage to modulator -tube
4018; the phase of the voltege determines moverent of the flat reflector
of the antenna from the middle line to the bottom line.

2. Remote Setting of the Antenna

When the "Zakhvat" button on the control stick is pressed, the
continuous searching moverient of the flat reflector ceases.

The rader is converted to the intermediate mode "DU" with the
antenna set in a zero position with respect to azimuth and at +hs!
elevation.

3. ILocked-on Beam

In order to convert the radar to the loclked~-on beam mode, the
operating mode switch on control penel TsD-LIUTFM is placed in the
position "Zakr. luch”" (locked-on beam). This disconnects the "ground"
fron the windings of relays 42R16, LOR1 and IOR2 end connects it to
the winding of relsy 42R6. Relay 42R6 triggers and sends +27 volts
through contacts 4, 5 to the windings of DU relays L2RS5, L2R5-1,
4oR5-2, end BOR3. The latter releys convert the rader to the "DU"
node witinout the posciiility of ¢ {

A
after range lock-on.

~
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L. Automatic Target Tracking

The automatic target angle tracking mode begins upon triggering
o; the automatic range locii-on circuit of unit TsD- -37, from vhich a
“ground" pulse passes tlwough the "Sbros" bubton to the winding of
relay L42R6.

The amplitude-modulated video pulses of the target pass from the
output of receiver TsD-33 through coaxiel plug Flt to the inpubt of the
error-signal separation circuit (tube LOL15) of antenna control unit
TsD-LOTK.

.The terget pulses arc modvleted by the scanning been as e resuli
of @ deflection of the terget from the equisisnal direction of ihe
antenn this deflection is fored by rotetion (ucennwnﬂ) of the
radlvtor, vhose axis is displaced relative to the focal exis of the
entenna reflector. Since the entenna control sycten represents a
closed servo system conteining inertiel leﬂeﬂug, os2illatory processes
may originate within it. The system is demped by the incorporation of
negative feedback in the chennel which is provided by the azimuth tech
generator 31TG2 and the elevation tach generator 317G1.

‘ The voltage from the tach generators, which is dependent upon

the speed of movement of the entenna's flat reflector in the corres-
ponding plane, is fed to the feedback windings of the esimuth end eleva-
tion magnetic emplifiers. Now the voltege at the output of the magnetic
anplifier in the appropriate channel, which causes an accelerated move-
ment of the antenna reflector, drops, movement of the flat reflector of
the antenna is retarded, end the systen is damped.

5. Tracking a Source of Smooth Noise Interference

Vhen smooth noise interference is present the oy;r“t1p~ niode
witch of unit TsD-BIUTPH is placed in the position "Pomelkha" (noise).
The radar converts to a noise interfervence scanning mode. An artificial
target echo with the merkers "Verkh-Niz" (top-bottom) appears on the
screen of indicator TsD-34TPM. When the "Zakiwat" button is pressed
the reflector of unit TsD-31TP is set in the zero ezimuth position,
after vhich unit TsD-26TK generates a 'cormand vhich converts the radar
to the noise source tracking mode. The gain of unit TsD-LOTK is in-
creased in this mode. ‘

The increase in gain of unit TsD»LOTh in the noise interference
tracking mode is. caused by the fect that antenna TsD-31TP, vhen
operating in this node, recelves only‘n01se interference. There;ove,
the reduction in gain of the servo sy Sotm due to the 12ct that the
antenna is not h~un=n_»u¢n' is ertifidiclX; scruensated by the ian-
crease in gain of the entenne centrol1unit TsD-LOTK.

\

63

Sanitized Copy proved for Rlease 2011/03/31 : CIA-P8 0038R001800190001-3



Sanitized CopyApproved for Release 2011/03/31 CIA DP82-00038R0018019000 3N

50X1-HUM |

6. Tilt Stebilization
The 31t chaennel includes:

-- the antenna tilt control circuit, located in unit TsD-LLTP
(tubes M2 through W4IG);

-- the tilt megnetic amplifier LMU3;

-~ the tilt motor 313;

-~ the tilt tach gencrator 31TG3;

-~ the antenna tilt stabilization selsyn 315n5;

-- the selsyn for retwrning the antenna to "zero" tilt 31Sn5.

Vhea the radar is operating in the gckndxng and "DU" nodes (before
range lockkon of the Lalgct) the position of the antenna with respect
to tilt is stabilized. Tilt stebilization occurs as follows:

The tilt signal sent to antenna wnit TsD-31TP is generated by the
gyroscopic data unit of the rerote gyro-horizon AGD-1 and passes through
signal distributor 11864, vhich is a power signal repeater for the tilt
signals.

Signal distributor 1180A is designed for the simultaneous genera-
tion of signals having equal or identical choracteristics to several
systens of the aircraft.

Tilt angles arc trangnitted by a servo system which includes:

-~ transmitting selsyn of gyroscopic data wnit AGD-1;

-- recelving selsyn;

-- tilt generating circuit;

-~ transmitting selsyn of signal distributor 1180A;

-~ receiving selsyn 315n5 of antenna unit TsD-311P.

If the aircraft goes into a banking moverent therc occurs & mis-

match betueen the gyro data unit transmitting selsyn and the signal
distributor receiving selsyn

Ab the ovipet of tho nognotic anplifien thove will appeor o vol-
tage which controls tilt motor 313, turning the antenna tilt platiomn
until the signal et the input of amplifier M4I2 equals zero. The
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antenna tilt platform turns in a direction opposite the banking direction
of the aireraft, offsetting the latter. When switching to the 2ining
node, relay BURL trigeers, disconnects the rotor of selsyn 318n5 fron

the input of emplifier LLI2, ond connects the third phase of the stator
of selsyn 31Sn5 which rcturns the entenna to zero tilt.

As a result of the action of the voliege from selsyn 315n5, whose
zero value coincides with tie zero on the tilt scale, the antenna re-
turns to zero tilt and is held in this position for the dwration of
operation in the aining mode. |

1
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Note: | Figure 8 not in document.

/ﬂ/ZJc//e v |
Coedusn | Husenss _| Bepxwss
ok ompoka (pokd

S ine bollom uppe-r
//,?e line’ //Lﬁ)a

Pue 5 Hanpiiewve “onavkob "

Figure 9. Voltage of "Jumps"

I Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3



Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R001800190001-3 |

50X1-HUM

- 1
R BeprHas | . Cpeausm CpeDHﬂﬂ |

_ BepxHaa C °BH9;1 oy
CmPOKa. | om0k L empora | crev ora - !Ioaxa )
u/)/wl’ line /ﬂ/c[c{ line /mc//

eline uppur/,,;e m,d /e /,1,73".'.'-.

G‘mr‘.IO Hanpﬂ«ceuhe "exauros Mapy -l
K omxmoueuuon aumreﬁ chom. o

Qm' 11 Traemopm JBURCHU A nyva mpu
‘ omnmemmn HITR: xéﬂ ez pore, TR

\ 5

Figure 10. Voltage df "Jumps” With Bottom Line Out

Figure 11, Beam Trajectory With Bottom Line| Out,

b7
S-E-C-R-E-T.

] Sanitize Copy Approved for Release 201 1/0/3 : CIA-RDP820003001@190001-3



Sanitized Copy Approved for Release 201 1/03/31 . CIARD-0081801900-

7. Operation of Limit Switches

Protection of the reduction mechanism of the automatic
antenna control at large angular displacements is ensured by means
of limit switches 31KVl and 31KV2 for altitude, 31KV3 and 31KV4
for azimuth, and 31KV5 and 31KV6 for tilt.

The flat reflector of the-antenna may deflect until c¢lo-
sure of the corresponding microswitches takes place:

for elevation: down KV2, up KV1
for azimuth: to the left KV4, to the right KV3.

The tilt platform deflects to the left until closure of
the KV6 microswitch, to the right -- the KV5.

Section 7. Indicator Channel

- The indicator channel operates in scanning and aiming modes
and provides the following:

a) observation of signals from targets detected by the set;
b) determination of distances to the target;
c) detelmlnatlon of azimuth location of targets and eatlwa—
tion of" thelr elévation;
d) possibility of bringing aircraft on target for lock-on
and automatic tracking;
e) determination of missile launch zone limits;
f) signaling break-off-attack time;
g) signaling of presence of noise 1nterferen°c,
h) signaling of radar functions in the "monitoring" mode.

Components of the indicator channel are located in the follow-
ing units:

* a) in the TqD—thPM indicator, serving for observation of
signals; '

b) in the TsD-46 sweep unit which, together with the TsD-
34TPM unit, generates sweeps: of type "B" in scan mode, and of
"floating spot" type in aiming mode;

¢) in the TsD-36 unit, which produces markers of the type
"Top-Bottom", making it possible to estlmate position of the target
with respect to elevation;

d) in the TsD-25TK suporessor and synchronization unit,
which synchronizes the operation of the indicator system and fO”Ha
the integrated target pulse;
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S-E-C-R-E+T

Sanltlzed Copy Approved for Release 2011/03/31 CIA RDP82 00038R001800190001 3

a

e




Sanitized Copy Approved for Release 2011/03/31 ; CIA-RDP82-00038R001800190001-3

50X1-HUM

e) in the TsD-31TP antenna, which supplies voltage from the
azimuth and tilt selsyns for synchronizing the sweep with the po-
sition of the beam in the space, as well as GON voltage for forming
markings of the type "Top-Bottom" and for forming the target marker
in the form of a solid line in the scanning mode. In addition to
that, the antenna radiates and receives high-frequency signals;

f) in the TsD-37 unit, which supplies the following: the
voltage U max., which is necessary for forming the missile launch
zone on the indicator screen. This zone varies with the closing
rate on the target and the flight altitude of the interceptor.

~-range mark, which makes it possible to determine target
range;

~dangerous range signal, at which the pilot must execute
break-off}

g\ in the Tsp -32TK transmitter, which produces RF pulses
and converts the received RF signals into IF signals;

h) in the TsD-33 receiver, which amplifies the IF signals
and converts them into video signals;

i) in the TsD~-26TK noise frequency indicator, which gives
out a signal when there is noise interference of sufficient inten-
sity.

The target image is reproduced on the same CR tube in both
scanning and aiming modes.

Plotted on the indicator screen are:

a) azimuth and range scales in the scanning mode;
b) azimuth, elevation and range scales in the aiming mode.

The indicator screen, in both scanning and aiming modes, is
represented in Fig. 12.

1. Operation of Indicator Channel in Scéqning Mode
The indicator channel, in scanning mode, operates as follows:

On the indicator screen is formed ia "B type sweep/raster/
in coordinates azimuth -- range. Targets‘are represented within
the limits of the raster in the form of bright horizoatal lines.
Location of the target mark on the raster jof the indicator deter-
mines the range to the target, and its azmmuthal position relatiwe
to the 11ne of fllght of the aircraft. qurd1na+es of the target
are|determined by prOJecting the center oﬂ the target mark on the
range and azimuth scales of the TsD -BQTPM‘unlt
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When the target is located within the limits of the centcr
scan line, the target immage on the indicator screen is repre-
sented in the form of a bright horizontal mark with vertical
lines above and below the target mark., If the target is located
above or below thé .center scan line, its itndge: is represented
by a horizontal target mark with vertical lines only above it or
below it correspondingly.

In scanning mode the indicator channel provides the following:

range sweep intensity pulses
range swecp;

azimuthal swecps;
"Top~-Bottom" markings;
erasing pulses.

a) TForming of Intensity Pulscs

Formation of the range sweep intensity pulses in the scan-
ning mode is produced by a circuit which consists of the L4613
intensity multivibrator and a cathode follwer -~ left half of
WOLY.

Multivibralor 4613 is triggered in the scanning mode by
positive pulses, coming from the TsD-25TK unit with T9 frequency,
through closcd contacts 3 and & of the 4ER] relay. Trom the
multivibrator output, positive and negative polarity pulses, of’
Toduration, are taken. Positive pulses enter the modulator of
the recording projector ot CRT34LL of the TsD-34TPM unit through
the pulse intensity cathode follower (left half of the L6LY).
The negative multivibrator pulses enter the input of the range
sweep formation circuit in the scanning mode.

b) Forming the Range Sweep in the'Scanning Mode

Formation of the range sweecp in the scanning mede is ac-
complished by a circuit consisting'chawtooth voltage generator .
(right half of the 46L4) and sawtooth current generator HOLS.

Operation of the generators is controlled by the negative
pulses of the intensity multivibrator, of T duration, which
are supplied to the input of the sawtooth voltage generator.
The sawtooth voltage gencrator generates linearly increasing
sawtooth voltage. This voltage reacts on L6L5 sawtooth current
generator, as the result pf which linear sawtooth current runs
thrcuzh the vertical deflecticn ceil 390K1 (3 to ), which is
the L6LS5 tube load. Duration of the sawtcoth current corresponds
to the duration of the intensq v pulse; that is, it is equal to
T
° 70
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; azimuth scale; 2. "B" scen with increased intensity;
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¢) Azimuthal Sweep Formation

x Azimuthal sweep is formed by an oscillator, consisting of
a phase detector circuit with 46D14 and 46D15 crystal diodes,
whose load is 340Kl (1 and 2) horizontal deflection coil.

Tyo voltages are supplied to the circuit inputs

a) error signal voltage -- AC voltage of 400 cycles
per second from azimuthal selsyn 31Sn2 (1 and 2);
b) reference voltage of 115v 400 cycles per second.

When the antenna is in zero azimuth position, the selsyn
voltage is equal to zero. Increasing the antenna deflection angle
from zero azimuth increases the voltage amplitude., Voltage phase
depends on the direction of movement of the antenna with reference
to zero (to the left or to the right).

d) Formation of "Top-Bottom" Markings

Scanning the space for tilt and azimuth is done by three
azimuthal lines: upper I, middle II, and lower ITI. The target
image on the indicator screen depends on the target's elevation in
space.

) The markings, reflecting target's position (in elevation)
relative to the interceptor, are produced by the TsD-36 circuit for
the formation of the "Top-Bottom" markings.

e) Formation of Erasing Pulses

The erasing circuit, located in the left half of 3412,
consists of blocking oscillator circuit with independent drive,
which generates pulses of various frequency for both modes (scan-
ning and aiming). The quality of the image depends on the degree
of erasing of the potential image, generated over the target by
electron beams of the recording and the reproducing projectors.

The set has two types of erasingss continuous and instan-
taneous. Continuous erasing is the result of the continuously
supplied erasing pulses from 3412 blocking oscillator to the tar-
get of the tube.

For instantaneous erasing, TsD -34TPM unit has a 4Knl
"Mgn. stir." (instantaneous erase) button.

72
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2., Operation of the Indicator Channel in the Aiming Mode

After target lock-on the indicator device is switched to almlng
mode by relays of the TsD-42, TsD-46, and TsD-34TPM units.

In this mode, the indicator screen shows an artifical target
mark -- "ptichka" (bird), which consists of two (left and right)
range sweeps joined at their starting ends. Each range sweep has
an unilluminated portion called "firing zone". "Firing zones"
are symmetrically situated with respect to the symmetry center of
the "bird". This type of range sweep is determined by the shape
of range sweep intensity pulses.

The point connecting the two beginnings of the left and the
right sweeps, is the center of symmetry of the "bird". At the
center of symmetry and on the range sweeps are corresponding verti-
cal lines of zero and present range.

The position of the range markings on range sweeps on the "bird"
determines the range to the target, and the position and size of
the "firing zones" determines the 1lm1t5 of the firing zone.

Position of the zero range "marker® marking on the indicator
screen, corresponds to the target position in space.

Deflection of the zero range mark from the zero of azimuth or
elevation, marked on the dial of the screen's protecting glass, is
proportional to target's angle of deflection from the longitudinal
axis of the aircraft in the corresponding planes.

Because the markings of the present range are symmetrical with
respect to the center of symmetry, range to the target is determined
"by the distance from the central "marker" to the vertical range
markings.

In the ainiing mode the indicator channel provides the following:
'
range sweepss;
range sweep intensity pulse;
zero and present range markings;
azimuthal sweep;
elévation sweep.

73
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a) Formation of Range Sweep

The range sweep in the aiming mode is produced by a
circuit consisting of the following: :

ubL6 trigger;
paraphase amplifier, left half of U6L7;
- differentiating circuits;
- 4618 phantastron;
- 4619 multivibrator;
- BBL10 sawtooth current oscillator II.

Degree of deflection of the beam to the left and to
the right from the beginning of the sweep (linear dimension of the
"yings") depends on the amplitude of phantastron and multivibrator
pulses respectively. Duration of these pulses is made equal to‘Tp
by selecting compaonents which determine the L6L8 phantastron and
the LELO multivibrator time constant. Required amplitude is obtained
by means of potentiometers, located on the front pannel of the TsD-46
unit.

b) Formation of the Range Sweep Intensity Pulse Circuit

A nonuniform illumination of the range sweep in this
node is ensured by & suitable intensity pulse shape. The intensity
pulses in the aiming mode are composite and are produced by super-
imposing over the positive long duration pulses two types of pulses
of shorter duration: negative of the "firing zone" and positive
range pulses. The first produces on range SWEep lines darkensd sec-
tions [ "firing zones" |/, and the second ensures even 11lumination
of the range markings in the bright section of the "ying", as well
as in the darkened "firing zone",

The "firing zone" pulse is‘produced in Tsb-46 unit, and
the range pulse in the TsD-37 unit.

The size of the darkened section produced by the "firing
zone" pulse, and their position on the range sweep, vary with the
nfiring zone" pulse duration and the location of its front and back
edges, depending on the closing speed of the interceptor with the
target and the altitude of the interceptor.

¢) Formation of the Zero and Present Range Marks

The zero range marks on the "bird" and the present range
marks are produced by the TsD-k6 unit.
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d) Formation of the Azimuthal Sweep .

Deflection of the "bird" with respect to the azimuth
is produced by the same circuit which produces the azimuthal sweep
in the scanning mode, the difference being that the voltage propor-
tional to the antenna azimuth is supplied to the azimuth phase
detector not from the 31Sn2 (1:2), but from the third phase of the
31Sn3 (1:4) selsyn. This is done in order to change the deflection
scale in the azimuthal plane. In addition, the GON of the TsD-31TP
unit is disconnected from the circuit.

Switching of the selsyns and the GON is made by relays
L6R3 (contacts 6, 7, and 8) and 46R6 (contacts 7 and 8).

e) Formation of the Elevation Sweep

Deflection of the "bird" with respect to elevation is
produced by a circuit identical to the azimuthal sweep circuit lo-
~cated in the TsD-46 unit.

3. Operation of the Indicator Channel in Presence of Noise Inter-
ference Y

When noise interference of sufficient intepsity is present, the
TsD-26TK noise indicator circuit, consistinngT\ZéLl 26L5, and
the left half of 2619, supplies voltage of +27v. This voltage
enters the warning light, 34Ln8 "P" (interference), which lights
up and warns the pilot of the necessity to switch the set to
"Tnterference" mode. In this mode, artificial target pulses are
supplied through TsD-25TK unit to the input circuit of the TsD-36
unit's "Top-Bottom" markings circuit.

These pulses are generated by. the artificial target formation
circuit which is located in TsD-26TK and consists of 26L10 and
26L11.

L. Operation of the Indicator Channel in the Presence of the
Dangerous Closing Range Signal

When the interceptor closes with the target to within
D op. sb. a dangerous closing range signal:(+27v) is supplied
from the TsD-37 unit to the "O" ("broak-ofi" )} light on the TsD-

34TPM unit. |
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Section 8. Smooth Noise Interference Channel
The following is provided by this channel:

1. indication of smooth noise interference, by ignition
of the "P" display on the TsD-34TPM unit;

2. after changeover to the noise interference mode of
operation, indication of the source of noise interference by means
of the TsD-34TPM unit's indicator screen;

3. automatic tracking of the source of noise interference
by angular coordinates without determination of its range.

The channel consists of the following:

a) TsD-33 receiver, designed to amplify noise inter-
ference of the intermediate frequency and to supply the interfer-
ence video signals to TsD-40TK and TsD-26TK units;

b) TsD-26TK noise interference indicator unit, designed
to supply voltage of +27v to the "P" lamp on the TsD-34TPM unit
when smooth noise interference is present, and to generate the ar-
tificial target pulse and ShARU wide gate in the interference mode;

¢) components (relays) of the TsD-42 unit, which en-
sure operation of the channel and connection with other units.

Appearance of smooth noise interference in the target scanning
mode is received by the set as an increase in the amplitude of
noises at the receiver's output in the wide gate and the ShARil
gate. Due to the pdlse interference limiter -- left half of 33L15,
the ShABU circuit of the receiver does not fully eliminate the in-
crease in noise.

Noises from the cathode followef® of the left half of 33L23 of
the receiver enter the 2611 coincidence stage of the TsD-26TK noise
interference indicator unit through F15 coaxial cable.

When the "Interference” light goes on and the target on the in-
dicator scéreen of the TsD-34TPM unit disappears, the pilot switches
the "Interference - Tracking - Locked-on beam" toggle switch on the
TsD-41UTPY unit to ﬁ@sition #Interference". This switches the set
into tracking mode by smooth noise interference.
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Tracking by Smooth Noise Interference

After the "Interference - Tracking - Locked-on beam" toggle
switch is switched on, +27v voltage is supplied to 42R20 and
42R20-1 relay windings. At operation of these relays, stabilized
voltage of +150v is supplied through contacts 4 and 5 of W42R20-1
relay to the artificial target channel and the winding of 26R6
relay, which decreases the level of interference indication.

Triggering pulses are supplied from the TsD-25TK unit, through
contacts 4 and 5 of the 42R20 relay, to the trigger of the 26L6 de-
lay phantastron in the ShARU wide gate formation circuit.

When the "Interference" toggle switch is on, the noise inter-
ference passes to receiver's output only in the S$haRu wide gate.

The noises in the ShARU wide gate enter first the two-stage
26L10 (6N1P-V) amplifier and then the trigger of the 26L11 (6NLP-V)
artificial target blocking oscillator.

The Ylocking oscillator generates pulses of 0.9 t 0.1 micro-
seconds, which enters the indicator channel through contacts 7 and
8 of the 42R28-1 relay and the TsD-25TK unit,

The artificial'target with "Top-Bottom" markings appears on
the indicdtor screen lines of the scanning zone. The position
depends on the source of noise interference. The position of the
target mark on the indicator with respect to the azimuth determines
the target azimuth angle.

Information on the distance to the target pilot receives from
the ground.

Pilot's task in the smooth noise interference scanning mode
is to bring the target on the center line and lock-of zone with
respect to azimuth. After this the set is switched to aiming by
smooth noise interference by pressing the "Lock-on" button,

Aiming by Smooth Noise Interference

In the aiming mode the pilot watches the "bird” on the indi-
cator screen. Relative position of the "bird" with respect to the
center of the screen corresponds to the position of the target in
space with respect to angular coordinates. . The range markings are
absent on the "bird" | ’
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When switching to aiming by interference, voltage of +27v 1s not
supplied to the 26RT relay winding and the commend for switching on
range scanuing is not sent to the TsD-37 range wnit. Firlng of milssiles
is carried out by the pilot on & special signal.

Section 9. Coupling Channel of the R-2L Radar with the Missile Firing
Circuit

Firing is permitted vhen the range markings on the "bird" are
inslde the firing zone, and the "bird's" center marker is inside the
small circle of the indicator scale.

Missiles are fired on a special signal which indicates thet the
missile head is locked on the target.

Section 10. Coupling Channel with the VPD-30 Altitude Instrument

The maximum range of the permissible firing zone on the set's
indicator increases smoothly with increase in flight altitude. For this
purpose, a potentiometer in the VPD-30 altitude date unit is used to
which 1s supplied 40O-cycle voltage from L2Trl transformer windings
10 and 11. Voltage from the VPD-30 is supplied to the TsD-37 unit.

Section 11. Control Channcl of the Set

The set is fully controlled in the air from the cockpit by means
of control devices located on the TsD-41UTPH control panel, on the
aircraft control stick, on the front panel of the TsD-34TPM indicator,
above the instrument board, end on the left and right psnels of the
cockpit.

During ground operation, unit TsD-U8 is connected to the set. By
means of this unit a whole series of operations, described im the
"psD-48 Ground Test Unit" section are carried out. This section discusses
only control devices of the TsD-48 unit, which switch on the set (both
preliminary and full), switch off magnetron filement and operating
section of the TsD-32TK unit, switch off the antenna motors (of
azimuth, elevation, tilt and scanning).

The following operations are done by meons of a toggle switch
located on the TsD-4LUTPH control board:

- preliminary switching on of the set (without the high voltage);
- full switching on of the set;

- switching on "tracking", "locked-on beom" and "interference”
modes; ;
- switching the high-frequency energy radiation of the set's
transmitter from the antenna to the antenna equivalent, and vice versa.

78
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By means of the buttons “Zakhvat" (on the control stick), "Sbros"
(on the left side above the instrument board), "Pusk" (on the control
stick), "Mgnov. stir." (instentaneous erase) (on the front panel of the
TsD-3UTPM), the following are done, respectively:

- switching the set from scanning mode into the "DU" and lock-on
target mode;

- breaking off' the locked-on target;

- missile firing;

- instantaneous erasure of the image on the indicator screen.

By means of toggle switches "Protection of R~-2L against ground
[noise]", "Protection of R~2l; against passive ECM" the following are done,
respectively:

- lower antenna line is disconnected, vhich considerably decreases
the ground echo;

- switches on the discrimination circuit for closing-in rate,
which provides protecticn for the set from chaff released by the
target aircraft.
) - scanning section is displaced with respect to alrcraft's
longitudinal exis.

1. Preliminary Switching on of the Set (without the high voltage)

Preliminary activation of the set is accomplished by placing the
toggle switch, located on the TsD-L1UTPM unit, in position "Set On".
This grounds B contact of the contactor winding for switching-on in
L2R11. The contactor operates because voltage of +27v, from the
aircraft circult, is supplied to the A contact of its winding.

2. After the complete cycle of operation of a group of relays vhich
switch on high voltage in the TsD-L2 unit, voltage of +2Tv is supplied
to the 2nd contact of the L1Vl toggle switch.

In this state the set is ready for high voltage.

After setting the toggle switch in p081tlon "High Voltage On",
voltage of -27v 1s supplied through contacts YShéO 15h29 and 1OSh2
to the 32R2-1 relay winding. The relay operates, its contacts break
the supply circuit of the 32Tr2-8 magnetron filament transformer,
supplying power to the priwary winding of\the high~vol tage transformer
Tr2-l. High voltage is on.

3. nadm.ion or Antenna Equivalent Operation
|
So that the set can operate secretly in the alr and on the ground,
without radiating RP energy into space, operation on antenna equivalent
is provided. Highofreouency energy is stuched from the antenna to the
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equivalent by TsD-29TPM unit on & command from the TsD-MIUTPM board.
Switching the set to equivalent while the aircraft is parked also pre-

cludes possibility of the crystals' receiving high intensity RF energy
from nearby sources,

L. Scanning

Operation of the set in the scanning mode is achieved by placing
the set's mode toggle switch, located on the TsD-LIUTFM unit, in
"Soprov." (tracking) position.

5. Ranging System

Ranging mode is characterized by having the antenna in "pg*
position, scanning the target for range.

DU mode is switched on by pressing the "Zakhvat" (lock-on) button.

Stabilized voltage of -250v is supplied though contacts L4 and 5
of the L2R5-1 relay to 37L1O automatic lock-on device, preparing it
for target lock-on.

6. Automatic Tracking

If the pilot correctly eims his aircreft et the target and the
reflected target signal is of sufficient intensity when the "Lock~on"
button 1s pressed, the tracking system of the TsD~37 unit will lock
on the target with respect to renge, after which the automatic lock-~on
37RL and 3TR2 relsys, operates.

After the set has locked on the target, the "Lock-on" button on
the aircraft control stick may be released.

As the result of the error signal and reference voltage comparison,
the TsD-LOTK unit produces azimuth and elevation control currents,
which ensure antenna operation in the direction of diminishing signal
error, 1. e., in the automatic tracking mode the antemna tracks the
target. .

T. Locked-on Ream

This mode is used by the pilot when the sighting of the target
can be done by optical means, that is when the target is in view.

To switch on the "lock-on beam" mode, the 41V2 toggle switeh is
placed in position "Zakr. luch (locked-on beam).

The pilot brings his circraft on the tarsed by means of the opticel
si-nt, end when the intensity of the reflected signal becomes
sufficiently large, the automatic target lock-on device located in the

}
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TsD-37 unit operates. The pilot is made awere of this by the termination
of target scanning; the range markers on the wings of the "bird" stop
on.the present range to the target. .

Firing zones appear on the bird.

8. Operation of the Set by Smooth Noise Interference

a) Noise Interference Indicator

Noises at the receiver output in the ShATY gate, via RF plug FIS
end ShARU gate pulses from the TsD-25TK unit, are supplied to the noise
indicator circuit fn the TsD-26TK unit. At the same time, voltage of
-27v is supplied to the lamp "P" located on the front panel of the
TsD-34TPM unit. |

b) Scanning ﬂy Noise Interference

When the pilot receives the interference signal, he switches the
41v2 toggle switch ﬁo position "Interference".

Target indication in the "interference" mode of scamning is
obtained in the same manner as in the regillar scenning mode, with the
exception that in the "interference" mode the artificlel target is at
fixed range. Information about the true range to the target is received
by the pilot from the ground.

The pilot, as in the regular scanning mode, brings his alrcraft
on the target so that the target is on the center line and inside the
lock-on zone with respect to azimuth.

¢) Noise Interference Automatic Tragking Mode

The radar 1is cbgverted to the noise ihterfefgnce automatic tracking
‘mode by pressing the | "Zaknvat" button.

|

Noise interfe 'qce is tracked in the) same mammer as when tracking
& signal reflected \Prom a target.

-

When operatin in this mode units TsD-LOTK : dnd PeD-4LTP guide
the radar antenna tpw tae source of nolse interference. TUnits
TsD-46 and TsD-34TPM are used to display the "bird" aiming marker.
There are no range mrkers on the "bird" yhen operating in the
"noise" mode. NI
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9. Protection of the Set Against Ground Noises

When operating in the scanning mode at flight altitudes less than
1,000 umeters, the ground surface is irradiated and the screen is
111uminated by reflections from the ground. In order to make it
possible to use the rader at low altitudes under combat conditioms,
the set provides for deactivation of the lover azimuth line during
scanning and a displacement of the scanned scctor upward relative to the
longitudinal axis, which is accomplished by means of the toggle switch
marked "Zashchita ot zemli" (protection against ground [interference])
in the pilot's cockpit. : '

10. Protection of the Set Against Passive ECM

The set provides for selection (discrimination) of the closing
speed of the interceptor with a target, which ensures protection of the
set against passive ECM (chaff) dispersed by the target aircraft in
the fors of dipole reflectors. The principle of selection is based on’
a comparison of the speed of the interceptor and its closing speed with
.the target.

When the speed selector is switched on, the possibility of aiming
on slowly moving or stationary targets is eliminated. The capability
of tracking a slowly flying target is provided in the set by disengag-
ing the speed selector by means of the toggle. switch marked "Zashchita
ot passivnoy pomekhi" (protection against passive ECM).

11. "Firing"
The pilot aims or guides his aircraft toward the target so that
the center of the "bird" is within the small circle on the scale of the

indicetor.

The pilot releases his missiles by pressing the "Pusk" (fire)
bution.

Section 12. Radar Monitoring Channel

A functional diagram of the monitoring chonnel is glven in
fig. 13 (book of diagrams).

The monitoring system i§ switched on when the set 1s operating
fully by placing toggle switches V2, V3 of unit PsD-UIUTR in the
positions "Soprov." {track.) end "Kontrol (monitor), respectively.

The aireraft circuit voltage of +27v is fcd through contacts 2
and 4 of toggle switch “1V3 %o unit TsD-%2 thrcugh 338hl9.

32
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In unit TsD-42 the f27 v is fed through normally closed contacts 3
and b of U2R30 to the following relays:

1. L2R29, which triggers and:

&) disconrects unlt TsD-32FK from unit TsD-36 and comnects it to
unit TsD-26TK with its contacts 5 and b;

b) with contacts 6,7, and 8, switches the plate voltage of the IF
amplifier of unit TsD-33 for the purpose of reducing the ampliication fac-
tor; .

2. kLeore3, which triggers and:

a) with contacts 3 and L, ungrounds contact 7 of reley L2R5 to
interrupt tri;zering of the receiver and, through contects L and 5, grounds
R103 in unit TsD-36 to reduce the gain of the video amplifier;

b) with contacts 7 and 8, removes the artificiel tarset pulse {rom
158n25, since at this stage of monitoring the target pulse for the indica-
tion channel comes from unit TsD-33.

3. L42R23-2, which triggers and:

&) with contects 5 and L, sends -250 volts to unit TsD-37 and the
speed selector circuit to check its operetion in the event that Logzle
switch 41V2 has been placed in the position "Zakr. luch" (locked-on beam)
in the first stage of monitoring; i

b) with contacts 6 and 7, connects a 400-cps voltage from bhrrl
to the amplifier of the tilt chaanel, whlch causes unit TsD-31TP to zene-
rate a tilt to the risht.

4. L2R23-1, preparing this relay for operation in the event that the
right-side $ilt 1limit switch operates.

5. LoRe3, which triggers and with its contacts 3 and L ungrounds re-
lay 42R26 which unblocks the "Pomekha" (moise) toggle switch, end unzrounds
relay 42R19-2 to prevent it from operating 'upon reception of the li-kilo-
meter command end ensures & -250 volt supply to unit TeD-37 and the "dange-
rous range" clrcuit. :

A voltage of f27 v is also sent from contact 4 of relay 42R30 to:
1. unit TsD-26TK for operating relay 26R9, which trigzers end:

a) with contacts 6 and 7, triggers the artificiel tarzet blocking-
oscillator 25L11 (end consequently wnlt TsD-32TX) from the ShARU wide-jzate
blocking oscillatoer;. : i

i ! !
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b) with contacts 3, 4, and 5, triggers the ShARU wide-zate pulse-
shaping circult vith & trigger pulse from TsD-32TK (27Sh26), which ensures
operating of this circuit in the first stage of monitoring. :

2, unit TsD-33 for operating reley 33RLk, which trigzers and:

&) with contacts 6 and 7, sends a voltage from the reference sig-
nal generator to the input of cathode follower 33L21 (right side), which
modulates thz test signal in unit TsD-LOTX, for the purpose of moving the
antenna reflector to the right and upwards in the second stage of monitor-
ing;

b) with contacts 4 and 3, disconnects the (ARU) circuit and, with
contacts 4 and 5, connects & negative voltage to the grids of the IF ampli-

fier tubes for the purpose of fixing its gain in the testing mode.

3. uwnit TeD-3WTPM through 42R19 ead 42DT to the "Pomekha (noise)
lamp 34LN3, which burps at half-intensity dwring the first and second stages.

In the first monitoring stage the screen of unit TsD-30TPM will show
in the middle ranze a line with "Verkh-Fiz" (top-bottom) mariers alony the
entire azimuth, lamp "P" will burn at half-intensity, and wnit TeD-31TP
will tilt the antenna to the rizht.

If toggle suitch k1v2, in its first stage, is set in position "Zakyr,
luch,"~then on screen of unit TsD-34TPI will appear a "pird" uith range
marks at its ends, which move in the direction of the greater range.

When the tozgle switch is placed in position "Soprov ", then the moni-
toring cycle continues.

When 31KV5 operates, its contacts 3 and 4 will ground the following
units to the frome (beginning of the second stage of monitoring):

a. L42Dp2I, the lamp "P" beglns to fllcker;

b. U2DII, now relay 42R28-1 operates and with its contacts b and 5
grounds auto-blocking and reduces the rhantastron pulse duration in unit
TsD-26TK to 15 microsec.

Now contact 3 of relay L2Re8-1 ungrounds so that relay L42R28-2 releas-
es and unit TsD-31TP returns to zero tilt.

Contacts T and 8 of relay L2R28-1 will supply 27 voltaze to the but-
ton circuit "Zekhvet" and will operate 21l relays of mode "DU" (L2RS5-1; 42R5-2;
25R1; LOR3).

84
S-E-C-R-E-T

N .

Sanitized Copy Appoved or Release 201 1(03/31: CIA-RP82-008R0018001001-3 ) v



Sanitized Copy Approved for Release 2011/03/31 : CIA-RDP82-00038R0018001900071-3 [

Sis

50X1-HUM

the monltoring signals, after being aoduwlated by voltase
ference voltage zenerator is fed te unit T5D-4OTK end mekes tie
flector (mirror) of unit TsD-31TP move rizht-up.

from the re-
antenna re--

Duriny the second monitoring stage, on the screen of uni%t TsD-3LTPM
the "bird" will ap