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Page 2.

The pamphlet "Aircraft rockets™ enters into the produc2d by
military publishing house litrary "Rock2t engineering”. In it are
given the general informaticn akcut the tactical-technical
characteristics and the design features of aircraft rocket armament,
and is also presented the essenc2 of the phenomena, which cccur
during missile targeting tc air and ground targets. Ars examined

questions of th2 comba* use of an aircraft rock:t weapon,

Pamphlet is intended for the soldi:rs and the ssrgearts,
connected with the operaticn ard the combat use of aircraft rocket
armament., It also can be i*t is useful all desirirng to be introduced

to this armament.

Work is written based cr materials of tha open rpress/printirg;

all data about th2 rockets and their combat employment are undectaken

from the foreign press.,
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Page 3.

Chapter I.

AIRCRAPT ROCKET WEAPON OF CLASS AIR-TO-AIR.

In the course of the Seccnd World War was established/installed
the insufficient effectiveness of fightar aviation against the night
bombers, This was explained by tte lecw accuracy of the ground radar
of induction/guidance and by the absenc2 on board the figh<ter cf the
special radar sights, which ensure the approach of intercegtor fcr

the targe*t in the clouds and at night.

t prasent abroad in figkter aviation wide distribution received
the all-weather fighter-interceptors, equipped by instruments for the
search for air 2nemy and conduct with it ¢f combat at night, alse,

under severe weather conditicrs cut of the visibility of target.
. e m
The rifle armam2nt of f£ighter aviation - the aircraftAFchlne
guns ané of gun - in recent years began to be displaced by those not

guided, 2nd ther thosa contrclled, with ajr-to-air missiles.

Most importart the advantage of rocket weapon consists in the
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fact that it can be squipped with a considerably larger quantity of
explosiva, than the projectiles c¢f aircraft cannons., Furthermore, the
centrollad air-to-air missiles pessess the high precision/accuracy of
induction/guidance, which raises the probability of the destruction

of the aerial targets.

Fundamental characteristics ¢f the unguided and controlled air-tc-air

mnissiles,

Ths2 unguidad air-tc-air missilss, o>r the so-called air-toc-air :

missilas, have simple devics/equipment.

Page 4,

Thay consist of thz following tasic 2laments/cells: housing with the

solid propellent rccket engine ard warhead with the fuss,

Missile becdy is manufactured from the durable metal and has well
streamlined shape. The nose section of the rocket is always
sharpened, and miidle and tail pieces are th2 elongated cylinder. For

decrzasing the drag the diameter ¢f housing must be minimum possibla.

The stabilization of the unguided rockets in flight is

accomplished/realized with *te aid cf the special ¢ail assembly,
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fixed to ths aft body.
Warhasad is intenied for the damages/defeat of the aerial targets.

In the ungquided rockets it is usuvally explcsive or fragamentation;

however, sometimes is applied atcmic head.

Ths blast 2ffect 0f warhead is bas=2d on the destruction cof

u

target by the air wave whict with an increase in altitude (with the
decrzase of air dernsity) weakens. The fragmentaticn effect of warhead
doas not depend cn flight altitude of target, since it is tased cn
the mechanical decompositicr ¢f the vital elements/cells of the

aircraft of enemy by the fragments, which were being formed during

the explosion of charge.

In connection with the fact that the probability of the direct
hit of the unguided rockat intc the aerial *argst is insignificart,
th2 blasting/detriment cf its warhead is produced in immediate
proximity cf the target with the aid of the proximity fuse, based c¢n
tha electromagretic, the phctcelectric, the acoustic or other

principles.

In spite cf the relatively simple device/egquipment of thae
unguidad air-to-air missiles, they possess sufficiertly high

affectiveness.
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For axample, the Americar unguided rocket "Mighty Mouse" bore 70
mm can be started on the target from the distance to 2 km and more.
Under thasa2 conditions the required kill probability of target is
provii2d by the salvo fire, with which simultaneously start 12 (24)

rockets (Fige. 1).

Rockets "Mighty Mouse" are installad on the fighter in the
special cassette which can be advanced comfglately for the launching
of all 12 (24) rockets. Besides axtensible cass2tte, in scma fighters
are ins-alled for the rocke%ts the external stresamlined containers,

wvhich are fastened under the wing or to the wing tips.

Page 5.

Preliminary guidance to the target of ta2 fightar, armed by the
unguided rockets ¢f tha Lype "Mighty Mouse", usually is
acconplished/realized with tke aid ¢f the ground radar, and approach
to initial position for the attack and aimings - with the aid of the
radar sight., Targets often arz intercept=d in the intarsec*ing or

randomly intersected ccurses.

The unquided rockets ars zcmetimes aquipped not with usual, but

atomic warheads. Ir the USA is created the rocket "Genie", in which

s used thes atomic head in pcver 2 k* (Fig. 2).

-
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Fig. 1; - o R Fig.‘z.

Pig. 1. Unguided air-to-air missiles in flight.

Fig. 2. UOnguided rocket "Genie", equippad with atomic warh=ad.

Page 6.

It can strike air ones at the distance 2.4 ka. The rockst "Gernia™
wveighs 450 kg and has the length of 2.4 m, a diametar of hcusirg 0.37
m, a span of wings 0.6 m. On the rocket is es*ablish2d/installed the

solid propellant engine.

According to the communications/reports to the forszign press,

the %asts of this weapon conductz2d confirmed ths pessibility cof

apolying the atomic charges in the air-to-air missiles,
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With ar increass in the velocities of combat aviation sharply
were raised the requirements fcr the pracisicns/accuracy of the ficring
air-to-air missiles. Main disadvantage in the unguided air-to-air
missilas is the impossibility to correct their attitude in the period
of approach for the target, Ttis fact caused appearance of the gJuided
missiles, which possess the high precision/accuraéy of firing. The
con*roli2d ajir-to-air missilaes have relatively low waight and can
strik2 tha aerial targets, which £fly by several kilometers of higher
than the fighter-intercseptor, with the 2id of the usual ard atomic

warheads.

Shertcomings ia the unguided and controlled air-to-air missiles
inclules ths 3difficulty of tha2ir arrangement/positicn on the aircraf:
and reduction/dascent in the aircraft verfcrmance., In the foreijn
press it was repeatedly noted that the juided missiles yet 40 not

poss®ss the racassary operaticnal rsliability,

Fig. 3 shows simplified diagram ©0f the con%rollad air-to-air
missilz., Characteristic design feature >f similar flighr vehicles is
the wide application in them cf solid propellant engines which
accelerate/disparse rccket to the spacd, sevaral times which exceeds

the spr=1 of scurnd.
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Fig. 3. The design concept of the controlled air-to-air missile: 1 -
boostar angine; 2 - wing; 3 - warhead and fus2; 4 - contrcl; 5 -
homing coordinatcr; 6 ~ drive cf control; 7 - contrcl bay; 8 -
storage batterysaccumulator; 9 - sustainer engine; 10 - the lifting

surface of the rejectad part cf the projectila.

Page 7.

Th: contrcllad air-to-air missile is strongly =longated fusiform
body to which are fastened small wings and controls. Contrcls are
intended for the rotations cf rccket around ths center of gravity,
and wings create the part of lift. For the manufacturs of tha
housings and ths wings, and alsc the load-tearing elements of rocket
apoly durable aluminum and magnesium alloys, steel of the highest
types and different plastics. Ip missile producticn considarable
attention is paid to the miniaturization of all units aand

slements/cells, including bolts and pins.,

Structurally/constructionally missile body consists of several
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sections which are intended fcr positioningsarranging the solid
propellant enginzs, equipment ¢f control and warhead with the

proximity fuse.

Oon the gquided missjiles the engine and warhead accomplish the
same tasks, as cn those nct guid2d4. The new, important 2lemant/cell
of this weapen is =2quipment fcr control which makes it possible to
accurately aim rccket at the target, in spite of possible sighting

errors and maneuvering of the aircraft of enemy.

For missile targeting utilize diffarent control systeans.
Sufficisatly wils acceptance received the hcming system, which
per forms the approach cf rccket for the %*arget without the
participaticn ¢f cnbcard equiprent of aircraft. There ara also
rockets for induction/guidance ¢f which is applied the =quipmen: fcr

control, placed both on the aircraft and ¢cn rockats themselves.

The typical sample/specimen of the controlled rocke*t wsapoan of
fighter aviation it is possible to consider the sufficisntly portable
Amsrican rockat ®"Falccn®, which with ths limited weight and the small
dimensions can be started aktcut %c the aerial targets from the
distanc2 ¢¢ 8 km. Langth of rccket "Falcon" about 2 am, diamater cf

housing 0.16 m, span cf wing 0.5 m, weight of approximately 50 kg.

|
|
|
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Rocket has several modifications, which ars characterized by

self-homing heads (thermal, radar).

Besides self-homing head, into the assembly of onbcard equipment
enter small/miniature autopilct, computer, the warhead and the sclid
propellant engine, which is fregquently called solid propellant

engine.

With rockets "Falcon™ arm the subsonic and suparsonic

all-veather intzrcepters, equipped by spacial firs ccntrcl systam,
Page 8.

After the preliminary output cf these fightsrs from tha earth/ground
into targ2t area with the aid of the fire control system is perfcrmed
search, detectiorn, the "capture/grip" of targe+ and *he firing at it

by rockets.

In the press/printing it was communicatad that each
fighter~interceptor is usuvally armed with diffarent samples/specimens
cf *he rocksts "Palconm, part from which is guided 4c¢ the target with

“he aid 2f the infrared ones cr the *hermal ones, and part - with the

»

2id of thz radar homers (Fig. 4).
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Infrared homing head is established/installed also c¢on %he
American rocket "Sidewinder", with which are armed the fighters of

PVO (Air Defensa ] and the navy of tha UsSA (Pig. 5).

This rocket is carried out on the so-called aerodynamic
configuration of "canard®, i.,e., its control vanes are plaecz2d in the

forwvard section, and crucifcran taper=d wings - at the end cf the

housing.
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Pig. S.

?ig, 4, Appearance of diffarent modificaticns of air-to-air missiles

"Falcon",

Fig. 5. Appearance cf air-to-air missils n"Sidewindec",

Page 9.

Missile-firing 3istance 5.5 kam, overall length of approximately 3 n,

diameter of 0.11 m, over-fins diamecer 0.7 m, warhead HE

fragmantation. Warhead weighs 22 kg, and entire rocket - 7C kg.
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Rocket "Silewvinder" is simple in tha operation and dces not

rTequire complicated starting equipment. It possesses high

maneuverability. Search head tegins to work from the moment/torque of

start. Homing range under clsar weather conditions at the high
altitudes of approximately S Km, and at the level of sea of

approximately 1 kn.

R -

The search heal of homing system is established/installed in the

rose section of rockat, after it is placad remaining equipment fcr
control. In the secticn, which is locatazd about the controls, place
the servodrives, which are ccnnected with the controls. Warhsad is
placed after ths st2ering secticn, and 2ngine - in the middle and

tail secticns of thes rccket.

Sometimes for the induction/guidance of air-to-air missiles
apply ths combirad gyuidance systems. For exampls, on the Armsricar
rocket "sparrow-III" in *he first seconds o¢f £light control is
accomplished/realized with the aid of aircraft electronic equipment,
and further approach for the target is perfcrmed with the aid c¢f ths

radar homer.

"Sparrow-III"™ can strike the aerial targets with the HE
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fragmentation chargs from the distance 10-12 km. Toward tke =nd cf
tha work of solid propellan* engine this rocket, and majority of
similar flight vehicles, is accelerated/dispersed to the speed, which
exceeds the speed of sound z.5-3 tines (2.5~3 M). Essential
shortcoming in ths rocket - unwieldiness and large weight (the
overall length of 3.6 m, the span of th2 wings of
approximately/exemplarily 1 m, tte diameter of 0.22 m, the weight of
173 kg) .

Englishmen also equip their fighter-interceptors with the

controllad air-to-air missiles.

Por the high-altitude fighter-interceptors are created 136-kg
rockat "Pirastrzak", which can strike the aerial targets from the
distance 7 km. Rocket develcps the speed, which exceeds the spe=d of
sound 2-2.5 times. "Firestreak” has the large sizes/dimansions (with
the diameter of housing of approximately 0.2 m its length <xceeds 3

m).

In Prance, Canada, Western Germany, Italy and othar capitalist
states 21lso is conducted considerabls work on thes equipment of

fighter-interceptors with ccrterporary cocket weapon.
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Page 10.

All samples/specimens of air-to-air missiles have identical with
respect to their designation/purpose el2ments/cells. They are
characterized in terms ci aerodyrasic configuraticns and thes

construction/design of separate units.
Aerodynamic configurations of air-to-air missiles.

Air-to-air missiles are the supersonic well streamlined flight

vehiclss., Thsy hava thir cigar-shaped form for d=2creasing tha drag.

The unguided air-to-air aissiles do not have wings, but for the
stabilization in £light at the &end of the housing are
established/installed fixed statilizers, Hcusing is the load-bearing

el2m2n%, which ccnnscts up unit warhead, engine and stabilizers.

Stabilizers are sstablished, as a rule, on all typ2s of
air-to-air missiles. On “he unguided rocket "Mijhty Mouse" are used

the folding horizontal and vertical fins. I“is construction/design
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simplified thair arrangement/pcsition in the cassettas.

Th> most important element/cell of the guided missiles are wings
and air vanes. Wings create the part of the 1ift, utilized during the
motion of rocket aleong the trajectory of inducticn/guidance. Air
vanes ar2 the final ccntrol elaments and are intended for
accomplishing the necessary raneuvering in the process of the

guidance of rocket to the targst.

Winys in tae plan/layout can have various forms: ractangular,
trapezoidal, triangu}ar. In tke cross section as the idesal supersonic
wing profile is considered even plate; howevar, it cannot mainfain
consiisrabls g-fcrces; therefcre on the rockets are Leen commonly

used wirgs with the symmetrical ticonvex profiles,

In the air-to-air missiles sufficiently wide distribution
received ths construction/design, shown it Fig., 6. The aercdynamic
configuration of rocket ccnsists cf two mutually perpendicular wings,
placed approximately of the center cf gravity of housing, and two
surfaces 0f the tail assembly which are arranged/lccated after tlhe
wings ard can be with ther ir one plane or compose angle in 45°

(normal diagram) .

Page 11,

.
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Blavators are utilized for steering of rocket along the
height/altitude, while rudders - in the direction. The 2levators and
rotation are fastened to the external trailing edge of stabilizers.
Besides controls, are appliad the ailerons, which are estatlisted on
tha “railing wing edges and serve fcr imparting to rockat torgque.
There are also other constructicns/designs of controls. For examfple,
¢*he surfaces of the tail assertly sometimes maks with rotary ones,
“hanks to which they accomplist the same tasks, that elevators,

rudders and ailerons.

In the rockéts, made on the aerodvnamic configurationm of "weft®,
mobile contrecls ar2 arrangad/located in frent of the main wing.
Theoretically this diagram has certain advantage before the normal
diagram. It consists in the fact that the lift, created by contrcls,
acts in the same directicn, as gross lift. However, in this diagran

deteriorates the flow around cf the wing of air flow.

In the rockets, which have cruciform wing arrangemant and
controls, rotation cf controls around two main mutually perpeadicular
control planes it is fulfilled by usuvally indep=rdent variable £ rom

2ach othar. In such constructicnsy/designs is always

accomplished /realized a s*rict stabilizaticn of rockst alcng +ha
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bank, so that one wving would te located in the vertical plane, and
another - in th: horizontal. Maneuver in any plane is fulfilled by

the craation of transverse g-force with respect to the course or the

height/altitude,
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fig. 6., The aersdynamic ccrnfi@u-ation of air-to-air missile.

(on the riahtside)
Key (1). Pressure increases.A(2). Pressure is decreased (ontheleft
side). (3). Vertical control surface., (4). Horizontal control

sur face,

Page 12.

Air-to-air missilas fly 3in lower and middls: layers of the
atmosphara; therefore for their guidaac? to thse target are utilized
only the aerodynamic forces, which appear on th2 contzols and the
wings as a result of moving the zocke* in air flcw. Besides
aerodynamic, possible the jst guidance. It is applied oan the flighe

vehicles, which accomplish £light intc spacs.

Solid propeallernt rockst srgines,

Whzn w2 spzak abou*t ths jet princivle of mction, ther we imrly

" s

!
i
|
!
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the displacement of flight v<lticle in the space by the 2ffact of
rececil force, i.8,, the reacticn of particle flux, rejected by cccket

back/ago.

To establish/install division between the reactive/jet and
nonraactive principles ¢f mcticr is sufficiently difficult. Prca
vhysics it is known that any mcvement by the water, in the air based
on the reactive/jet principle., since oczurs the rejection of tbhe
specific mass in the directicr, cppecsite tc¢ the motion of apparatus.
The screw/propellar of aircraft, throwing/rejecting tack/ago the mass
of air, cr=ates tha thrust which providas its flight, Steamshifp cr
varship is moved as a result cf the reacticn of the mass cf the

water, rapulsed by back/age screw preopellers.

The motion cf aircraft or steamship is accomplished/realized as
a result of raacting the indirect action, since between *hs engine -
the 3n2rgy scurca - acd by the rejected bhack/ago mass ol air or water

is an irtarmediate msans - motor. PFor the aircraft motor is the

propellar, whilz for the steamship - propeller. In the rockets tha
motor is absent; thsrefore +he created by sngine reacticn is

convantiorally designated as *he reaction ¢f direct action.

Solil propzllact 2ngines find wide applicatior in the air-tc-air

missilas, and also in tha air-to-surface missilss they serve as the

M—_.—____ — 2
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basic or march sources cf thrust for the guid=d and unquided

missiles.

In structural/design sense the solid propellant engine has {

simple 32vica/eguipment., It ccnsists cf the cylindrical ccmbusticn
chamber, output or jet nozzle, grain, explcsive charge and diaphragm.

The schematic diagram of sclid propellant engins is givsn in Pig. 7.

Puel/propellant in the sclid propellant 2ngines is located
within the ccmbustion chamber, Its oder is limit2d4 to the volumsz cf

chamber/camera.

Page 13,

Dependinpg on thz type of fusl/rropellant such engines can work
short-term and ccmparatively fcr long: frce the fractions of a second
to several tens of seconds. Explcsive charge is intended for the
propsllant ignition, arnd diaphragm prevents the esjection througn the

nozzle of the large/coarse pieces of ths burning grain.

As' the fuel/propellant fcr the solid prcpelilar* angines apply,
besides powder, ard other ccricsiticns, which are tha solid

connac=ion of fuel aad cxidizer.
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Solid propzllant @engin2, in spitzs of simplicity of
construction/design, it is sufficiently complex in the production.
This is explainad, first cf all, fact that the combustion chamber and
jet rozzl2 work under conditicns of large pressures (to 200-300
atm.), at a temperature of 20(C0-3000°C and exhaust gas velccity to
2500 m/s. Tha intarnal surfaces of the combusticn chamber and nozzle
sufficiently rapidly are destrcyed and beccms unsuitable; therefcre

they are manufactured Zrowm the special high-temperature (strength)

types of steel.
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Fig. 7. Schematic of solid prcpellent rocket engine, which uses

grains ¢f various forms.

Key: (1). Chamb:zr/cam2ra.

Fuel/propallant. Elsctric

Festricted-burning charge, which burns

(4) . Safaty diaphragm. (5).

from 2and /face., (6). Unrestricted-burning charge in the form of acllow
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cylinder. (7). Unrestricted-turcing charge of cruciform form. (8).
Charge, which consists of several uninhibitad grains. (9).

Restricted-burning charge witk star center,
Page 14,

The placed into the comtustion chamber solid-propellart grain is
+he uniform mass, in each particle of which are contained the fuel

and oxidizer. The burning of sclid fuel occurs from the surface.

The gquantity cf€ jases, which appears at a constant pressure per
unit time, is determined by the value of the burning grain surface,
During *h2 burning ¢f grain the turning grain surface can grow/rise
cr b2 decreased. If burning surfaca is decreased, *thsn is decreased a
gquantity of gases, which appear per unit time., This burning is
acceptad to call degressive. If burning surface increases, then
grows/rises a quan+ity of gases, which are formed per unit time. This

burning of charge is called progressive.

Giving to tha solid-propsllant grain cna or the other
configuration, it is possible to chtain the naczssary law cf tha
formation of fire gases, i.z3., the necessary change-in-thrust pattern

in the tiame.
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In order tc preserve the ccnstancy of the 2ngine thrust ia the

*ime, should be ensured the ccrstant/invariable burning surface cf
grain., This is reached with the aid of the solid-propellart grainms,
preparad in the form of hcllow cylinder. In the tubular grain the
burnout 9f external cylindrical surface resul%*s in reduction, and the
burnout of internal surface - tc an increase in the burning area.

Total burning surface virtually remains ccnstant.

It is sometimes necessary “o obtain the rapid ccmbusticn of
fuesl/propellant for obtaining tke short poswerful/thick
impulse/momentum /pulse of thrust. In these cases the charge is made

with multigrain.

For obtaining the charge with the long burnirg time (to tens cf
seconds) are applied the restricted grains. In them the part of the
fuel/prepellant is covered/ccated with the plastic which does not

burr and protscts the cover=2d surface of grain.

Jet nozzla is variable—-area channel which is intended for an

incrzaszs ir the rate o2f the flow of the fuel combustion prcducts.

Equipmert for stabilization and control,

Sansing el:zments of the quided missiles ars autcpilot and
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equipment for control.

Autopilot provides *he ccnsumption/production/generation of the
signals, necessary for the stabilization of the position of rocket in

the space, and consists of several gyroscopes and sensors.
Page 15.

Gyroscope -~ thesse are the rapidly rotating gyroscope cr ths
rotor, fastened/strzngthen2d within one or twvwe mobilza framework,

rigxdiy connected with the missile body.

Gyroscope possesses prcperty tc retain the prescribed/assigned
position of its principal rctaticnal axis independent of tha

inclination/slope of the housing of £light vahicle.

In oriar ¢> simultaneously measure ‘hres angles (alorng the kank,
on the course and cn tne heightsaltitude), necessary for the gui dance
of rocket to the target, in the autopilot they establish not less

than two gyrescopes.

Prior tc *he missils takeoff the gyrorotors un*wist, As a result
of the fact that the framewcrk cf gyroscopes are connected with the

housing of the f£light wvehicle through thea sensors, with the randcn
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shifts of rocket from the trajectcry in the sansors appzar the
elactrical signals, proportional to deviaticn., These signals thap are
strengthened and, acting thkrcugb the contrcl actuators on the
controls of rocket, they return it to the trajectory of

induction/guidance. So occurs *the stabilization of rocka%t in flight,

But how does cccur the guidance of rockat ¢o the target, if
target does maneuver or with the missile takeoff is allowed the ercor

in the detarmination of the line of fire?

Por the solution of these precblems in the air-to-air missiles is

provided for homing egquipment or equipm2nt of rsmciz contrcl.

Homing eguipment utilizes the characteristic properties of
*argat, which differ it from the surrounding background., Wi*th the aid
of onboard homirg equipment the rocket determines its location

ra2lative to the fired target ard automatically it convarges with it.

All aircraft possess the abtility to emit the visible and
infrared (invisible) rays/teanms and sound vibrations. Furthermore,
all aerial targets reflect electromagnetic energy which is smitted by

radar “ransmittars.

At pr2sent in aviaticn rcckat enginearing sufficiently wida
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acceptance received semi-active radar and passive thermal, or

infrared, heming systen.

Semi-active radar homing system is based on the use of
electromagnatic 2nergy, reflected from the target during its

irradiation by aircraft radar sight.
Page 16,

Semi-active self-homing head is placed in “he nose section c¢f
rock2t cof class "air - air®", It consists of antenna system, receiver

and homing coorldinator.

Ant2nna systam is established under the radic-+ranspaceant
caps/hood ard is ths parabelic reflector, in focus of which is flaced
receiving irradiator - special radio engineering element/cell which

accepts the acczpted by reflector signals cf electromagnetic energy.

Raflactor possasses property tc accapt the echo from the target
puls2s only in the specific regicn of space, on its form of that
ramindirg the bcdy of revolutic¢n, dcscrib2d4 by narrow and long

lobe/lug. This region of space is called ths an+enna radiation

pattern.
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It is virtually establishad/installad, tha* the power of the

accepted from the target signal c¢f elactrcemagnetic energy on the
rotatioral axis of irradiator (or on ths axissaxle of radiation
pattarn) for any ccenstant distanca is always more tham in its edges.
This important property of acterra systam is utilized in the

semi-active radar homer.

Examining/scanning the echc from the target signals on the
special alectronic device - oscillograph, it is pcssiblae tc be
convinced of tha fact that during the dstarminaticn of tacgst by ths
rotational axis of receiving irradiator the value or thz amplitude of

the accepted from the target signals remains constant.

But if we +the target of displacing relatively tha so-called
equisignal sector, shapad with the antenna system of self-homing
head, then the value of the echo signals will periocéically first
incre2ase, then be decreased. Charge in the valus of the echo from the
target signal in the time, or isclation/literation of tha errcor
signal, occurs in homing cocrdinator af:ter the preliminary

amplification of useful signal in the raceiver of self-homing head.

Homing ccordinatcr - devicesequipment, which makes it possitle
to continuously measura2 the anqular cocrdinates of target rclative to

*ha axis of rocket of dogfight. It produces the voltages,
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proportional tc ths a2rror signal in one or both control plares. These
sigrals enter the channels c¢f the elevator control and of rudder of
rockat 2and turr by their in such a way that would occur the apprcach

of rocket for the target.

Page 17.

Semi-active radar homers possess the high precision/accuracy cf
inductien/guidance. However, they are expensive and as any radar
device/equipment, they can te subjected to the effect of radio

interference.
But how do work thermal, or infrar=4, self-homing heads?

In the nature all bodies are the sources of infrarsed radiation

500/0 ar3rgy, emittad by the sun, it falls tc infrared radiaticn.

It is »stablishsd/installed, that the human ey# accepts light
vibrations in wavelength from 0.4 tc 0,76 p. The invisible part of
the spectrum composes electromagnetic vibrations on the wave fronm
0.76 to 750 p. Infrared rays possess many properties of the visitle
rays/beams, but better they rass thrcugh black pafper, ebonits,

cardboard.
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Por thke detecticn of aircraft on its tharmal radiaticn/2=missior
with the aid of the sensitive receivers it is necessary that the

targat would be arranged/located against the backgrcund whose thermal

radiation is lower than the thermal target 2mission. Aircraft against
the background ¢f the atmcsptere is the very effective radiating

ob ject.
Tha principls of the work of infrar2d homing head car be
explained or the given in Pig. 8 diagram. Head includes optical

system, receiver of thermal radiation and amplifier.

The emitted by target infrared rays are accepted by orptical

syst2m, are refractad and are focused at one point of the therml
receiver, which is *he phc*celecircnic indicator, which converts

thermal energy into the electrical.
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Pig. 8. Infrarel khcming head: 1 - infrared rays; 2 - fairipg; 3 -

modulater; 4 -~ receiver; S -~ asplifiers; 6 - drive of controls.

Page 18,

If target will not be fcurd cn *he continuation of the
centarlins of szlf-homing h=ad, then photoelectrenic indicator will
reveal/d3tact a charg2 in tha position >f the point of reception of
heat rays reslative to the fccus c¢f crtical syst=m, in consequence of
vhich will arise the electrical signal, proportional to displaczment

angla betweaen the target and the rockat.

This signal is strengthened in the alectronic device and thrcugh
the drives acts on the contrcls ¢f rcckat so as to return it to the

trajectory of inductions/guidance.

The characteristic feature of infrared homing heads is the high

precisicn/accuracy of guiding rocket to target which increases in




DOC = 80195402 PAGE A%

34

proportion to approach for tlke target.

Important advantage of heat-seeking quidance systems - low
cost/valun of prcducticn. However, the work of infrared seli-hcming’
keads dapends or. the mata2orolcgical conditions (strong rain,
fog/mist, snowfall), which sukstantially deprass their range. The
attack of the asrial target in the directicn of the sun is alsc

hinderad/hampered,

In some air-tc-air missiles is applied the electronic guidarce
equipmszrt which holds rocket in the ray/beam, formed/shaped with the
placed on the interceptor radar sight. Such systems are the variety

of track-command guidances.

With the missile takeoff falls into the radio beam which
prelimirarily produced the "eapture/grip" cf target and it
continuously accompanies it. Fcr the retantion of rocket in the radio
beam are utilized the steering ccmmands, isolated by tha2 recesiving
aquipment of roccket from the pulse train, emitted by the radar sight

cf interceptor.

Aftar intensificaticn *he cecn4rel signals thrcocugh the drives act
on *he con=rcls of rockat sc as tc hcld rocket constantly in the

radio beam which ceortinuously tracks a target.
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During the approach cf rcckat for the target occurs %he 3

blasting/detriment of warhead ty prcximity fuse.
Warheads.,

In the air-to-air missiles wide distributicr obtained

fragmentation warheads; explcsiva charg=s are applied more rarely.

Fragmentation charge consists of explcsive, included in the

metal shell.
Page 19,

With its blastirng/detriment is formed a large quantity of metallic
fragments, which fly at a higk sreed (in the limited zone). Upoa the
encounter with target they destrcy the vital z2lsments/ce2lls of targat

aircrat+*.

Th= valus of fragments, the direction of dispersion/divargence

and the rate of their f£1light ar: determined by the structural/desiga

characteristics of warhead.
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Th: size/dimensicn of fragments is determined by the places of

cuts on the metal shaell of warhead, tharks to which the skell is

destroyed in the places with the thinner cross section.

The rate of the dispersicn/divergence of fragments is datermined
by the relationship/ratio between tha wzight of shell, weight and
form of 2axplosive, The cone ¢f turst dep=ands cn the place of the

blasting/detriment of warhead with resvect to the targecx.

In the conventional warheads as explosives frequently is
utilizeéd trinitrotoluene cr trctjl. Pura/clean trctyl - crystalline

substance of the pale yellow colcr, safe in the inversion.

Uniar spacific conditions trotyl can ds*onate/knock. The essence
of d=tonation consists in the fact that this sexplosive is not
igrited, as powder, from ¢ne layer %o the n=x%, but instantly it is

cenverted into the gaseous state.

Por the detoration of trctyl are utilized two detonatcers, from
wvhich primary is capsule with tke mercury fulminate, and secondary -

powder-lika pressed trotyl.

Explosive warheads differ frcm fragmentation onas only in terms

cf the fact that iz them is utilized the thinnar metal shell. The
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weight of explosive in the fragmentation warhzad composes 8-100o/c,

and in th? e2xplcsive it reaches to 150/0 of total weight of charge.

The blasting/detriment ¢f primary d2tonator is produced withb the

aid of the proximity fuse.

Besides conventional warkeads, in the air-to-air missiles can be
used th: 2tomic charges. However, similar warhaads did ro* receive
vide acceptance. Actually cnly the cne American unguided rocket

"Genie" is adapted under the atcmic charge.

Page 20.

Proximity fuses.

Practice showed that even the most modern rocket guidance

syst2ms cannot 2t 2 graat distance ensure the direct hit into the

high-speed/high-velocity manuvering aerial taczge+%.

Contemporary tschnolegy makes it possibla <o manufacturz such

proximity fuses which prcvide %he blasting/detrimen%t of warhead at

the most advan*ageous moment/tcrque in order to cause maximum loss %o
q

target.
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Proximity fuses ar= based cn tha usa of different physical

properties of target. Wide distribution received the radio-dz2tonators

which can be pulse ard with the continuous radiation/emission.

Pulse fuse has lcw-pcwer portable transmit+ar, receiver and
sufficiently complicated antenna system usually of the slct type

vhich consists of the transmittirg and r2ceiving antennas.

Upon the start of transmittaer are produced the

impulses/momenta/pulses of electrecmagnetic enargy which through the !

transmitting antennas are emitted into the spacific regionr of space.

During the ircidsaca/imping2mert of thes impulses/momenta/rpulses
of clectromagnetic energy cn the target f-cm it begin to be reflect=d
the radar echos., They are accepted by r2ceiving antennas, ara
streng+*hened in the radio receiver, then they are supplied into that
*otalling, or storage, devicesacuigment. This device/equipment with
the specific value of the resulting electrical signal ignites the

detonator which undermines warhead.

In the controllsd air-tc-air missiles find use the proximity
fuses, basad on thz Dcppler effect - velocity-field, i.e., the fuses,
wvhich considar 3 differenc2 in the frequencies of the emittad angd

acho from <he target signals.
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The physical essence of the Doppler effect - velocity-field can
be undsrstocd basad oo the example of the moving/driving ¢tcne source,
moved relative to fixed observer, It is 2asy to note that when the
steam locomotive rapidly passes by station, the tone of whistle with
the approximation/approach t¢ an observar always higher than during
the removal/distance from it. This cccurs because to the velocity of
sound vibrations during the approach of the velocity of stean
locomotiva is added, and during the removal/distance - it is

deducted.

A similar pheromenon is also observ2d with ths reflection fronm
the target of the electromagnetic vibrations, emitted by

radio-datorator.

Page 21,

In the fusa occurs the isolation/liberation of the diffarenca
betwean twc radio-frzquencies (emittead and taken from tha target),
due to what is isolated £he sc-called heat frequency. It is
establishzd/installa23d, that its valra is prcpor+ional %tc the radial
valocity o2f the motion cf +the target of the relatively aimed at it

rocket. Upon reaching/achievement of th2 specific bsat fregqusncy
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cccurs the oparation of radio-de*torator, The blastirg of charge

usually is fulfilled at the minimum distance betwesn *he target and l
+he rocket. 3
The radio-detcnator cf ccntinuous radiation/emission has the

same glsmants/ca2lls, as pulse radio-detonator.

For plotting the greatest damage to target they attain the
specific agreemznt between the ccn2 of burst and the radiation
/
pattern of the antenna system c¢f fuse on characteristics of which

depends the region of the irradiated space.
Launchers.

Launchers are the independent part of aircraft equipment, which
is int=2niz3d for guaranteeing rocket launchiny., For this on the
fightars are applied fix24 guides ¢f different constructions/designs.
For axample, for the unguided rcckets "Mighty Mouse™ utilize the
streamlin2d contzirers which are fastened at the tips of the wings of

£ighter.

Fig., 9 shows *h2 appearance of centainer to 24 rockets. It
consists of the metallic streazlined framework/body. Within the

container are attached by 24 the tubular guides. In each of them is
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establizhed one rocket. Rocke* launching is produced with the aid of

the electric fuse which ignites solid fuel in the jet engine.

Pig. 10 shows the appearance of mcre complicated fuselage
launcher for ths unguided rockets, which before the firing with the

aid of the drives is advanced cctside.

The suspension of the ccrtrcllad air-to-air missiles usually is
produced on the extzrnal launchers., In the foreign prass it was
roted, intenda2d for the relatively large/ccarse rockets, it is
conjugated/combined with an essential deterioration in the

asrodynamic propertias of carrier aircraft.

Launching configuration for the controlled air-to-air missiles
has simple devics/aquipment and consists of the metallic ncn-guiding

faste2ning locks and starting/launching autcmation.

Page 22.

h_
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Fig. 9. The appearance cf ccntairer to 24 unguided rockats, fixed to

the arm wing.

Pig. 10. Type cf retractaktlz laurchzar.

Page 23.
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Pig. 11 shows the suspensicn of English projectiles "FPirestreak
missile", dnder the left and right wing are symmetrically placed
being guided and the lccks, tc which are fastened the rockets, The
shock absorption of rockets during their transportation is provided
with the aid of the sprinés. For decreasing the drag, creatad by the

launchers of fighter, external mechanisms by fairings.

Pij. 11. Launchers for the guided missilas "Firastreak missile™,
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Page 24.

Chapter I1I.

-

Aircraft rocket weapon of class "air - ",

In the postwar years in thke arsenal of the means of ths air
defenser of the series/row of the countries appeared the very
effective weapon, capable of striking the aerial targets over a wide
range of heights/altitudes. It includes the AA guidsd missiles, and
also all-weather fighter-interceptors, which sufficiently
successfiully can carry on comkat with the subsonic and transonic

bombers at the average/mean and high altitudes.

In connecticn with the irtersification of air defense the

supporters of the mannad aviation give much attention to further

improvemant of aircraft armament. Many foreign specialists consider
that under contemporary ccnditicns the losses 0f bombardment aviation

can be substantially lowered due to the uses/application of the

ungjuidad and ccntrolled air-tc—-surfaca missiles,
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Fundamertal charactaristics c¢f the unguid2d4 and cortrolled

air-to-surface missiles.

For the firing at the tanks, the lasting weapon emplacements and
other well shielded ground-tased units in the American combat
avia*tion are employad the unguided rocka%¢s "Zuni" which are intended

for th2 armamert cof fighters and fighter-bcmbars.

"Zuni" weigh approximately/exemplarily 50 kg and are aluminum
cylindsar in lony approximately 3 m and diametar of 12 cm. In the

pointed nose section of the rccket is placed fragmentation warh=ad.

For "Zuni" are created several types of warheads and fuses.

Page 25.

The large part of the housing occupies solid propellant engine.
At the enl of tha rockat are folding fins which are cpened after

start from the action of exhaust jet.

0f not guided by rocke* "Zuni" it is possible to strike
ground-based (ahove-water) cbijects at the distance to 9 km. Toward

+he 2nd of the work of &ngine the rocket develops tke corsidarable

& P~ susidins —«J
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rate which exceeds sonic three times (ZM). Launchers are hung under
the wing of aircrazt, Each cf them is fintanded for the transportation

of four rockets. After firing ttke launchers are thrown off. ’

Por the fire support cf grcund forces of tha USA consis%s as
arms th= gquided missile "Bullgpup" with the rangz to 5-9 km. It weighs
about 260 kg apl devalcps the maximum speed of 620 m/s. The rénote
controlled part with the warhead weighs about 110 kg, the length of
rock2% is more than 3 m, the diametar ¢f hcusing 30 cm, thke wingspan
cf approximately 1 m. On the rocket is established/installed the

soli2 propellant engine,

"Bullpup” is guidad to the target with the aid of the radio
commands. Using the kncb ccntrcl of radio-electronic gquidance
equipmernt, piict transfers ccmmands/crews "upward -~ down" and ™ c the
left - to the right" relative to tha line cf sighting to the target.
Observation of tha fired object is ccnducted with the aid of the
optical instrument. o

&

The =xamined rockets "Zuni®™ and th? "Eullpup" have shert rarcge;
therafora undar conlitions of the count=raction to strong PVO C MBO
- Air Defa2nse] cf the loss cf the attacking aircraft - the carriers ;

of these rockats tha2re will be +the same as thao losses of thsz

fighter-bombers, armed by usual bembs,

ih., — : N
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As arms of strategic aviation cf the USA is located two types of
tha controlled air-to-surface missiless - ®"Bascal" and by the "Hound
Dogs", which have the consideratle range, which, in the opinion cf
the foreign specialists, makes i% pecssible to sirike tha2 objects,

well shielded by the antiaircraft missile systeams. }

Thus, bombers of the type B-47, arm2d by rockets "Rascal" can
strik2 with atcmic charges grcund-based objects at the distance te

160 km, without sn*ering into the air daferpse zone of the coversd

object.

"Rascal" - sufficiently tulky and heavy cruise missile.

Page 26.

1ts launching weight of apprcximately 6 t, overall length of

approximat=21ly 10 m, diameter c¢f housing 1,2 m, wingspan of more than

4 @ (Pig. 12).

On the rockest is established/installed the three-chamter liguid

propallant rackst engina, which davelops gross thrust in 5400 kg.




DOC = 80195403 PAGE 4?

"Rascal" has aircraf+ lajyout; howevar, it is mads on tha
aerodynamic configuration of "weft", i.2., its trapezoidal controls
are placed ir the forward secticn, and small wings are fastened to

the aft body.

For tha transportaticr the rocket is hung under the wing cf
aircraft on the right side of fuselage. Powsrful/thick march liguid
propellant rockat engine accelerates/disperses rocket %o the rate,

cn2 and a half times which exce2ds +he speed of scund (1.5 M).

I%ts guidancs +o the target is produced with th2 aid ¢f the
autonomcus inertial guidance system or radio commands, transferred

frem the carrier aircrafte.

Rockat "Hound Dog" is intended for the damage/defsat Ly %he
nuclear charge of ground-based (above-water) objects at the distancs
to 800 kg (Fig. 13). As the carrier aircraft is utilized ths

strategic bomber B-52, which has flying rang=s to 16000 km.

*Hound Dog" is made on tite aircraft cecnfiguration, weigh 4. S ¢t
and have sufficiently large sizes/dimensicns. Its length about 13 m,
span of wing approximetely/axemplarily 3 m, maximum/overall diameter
of housingy 70 cm. Turbojet =ngine deval:cps the thrust ia 3.6 t, which

communicate2s to rocket cruising flight speed of approximately 50C 7/S.
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Pig. 12. Guided missile "Rascal" established/installad on the

transport-loading bogie/carriage.

Page 27.

’

Por the conclusion/derivaticn to tha targat is utilized insrtial
guidance system. The precomtutation ¢£f course and flight altitude of
"Hound Dogs" is produced with the aid of ths aircraft calculating
aquipment, Aftar accomplishing o€ calcula*iocn are necessary the data
they are introduced intc the eortoard equipsent, which is lccated on
the rocket. The same rocket can be used for the creation of radio
interfarancz to the radar systems of contrcl of surface-tc-air
missilas and to the staticns of detection., For this in the Cocket
instead of the nuclear charge is prcvided for the

ar-angam2nt/positicn of equipment of radio intarferance.

In Brngland is developed rccket "Blue Steel."™ Outwardly it is

similar in American cf rocket “Rascal,™ but it is heavizr than the

t
L—-—-—-————-————-——-—-——r i entesen o
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latter approximately/exemplarily to one ton. "Blue Steel" is also
equipped with nuclear charge. The established/installed on it liquid
prop=llant rocket engine rrcvides rocket flight with a velocity of
450 m/s at the distance tc S4C ka. On the basis of other sources, the
ranga of rocket has high value. Cn "Blue Steel® is also used inertia
gquidance equipment. As the carrier aircraft are utilized the bcmbers

"volcano", Rocket is hung outside under the fuselags of carrier

aircraft,
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Fig, 13, Transportation of the lcng-range controlled air-tc-surface

missiles on the stratagic bemter,

Page 28.

Fundamental characteristics of aircraft ballistic air-to-surface

missilas,

Basides winged air-tc-surface missiles, on the strategic kombers
can be transportad the ballistic missiles, which after start from the
carrier aircraft are built up tc¢ the heightsaltitudz into ssveral
hundred kilometers and after cessation the work of jet sngine their

furtkar flight fulfill alecng the ballistic trajszctory.

In the USA wsre recently carried out the tests on the
starting/launching of ballistic rissiles from the manned bcabers.
Thess starting/launchning shcwed *he possibili*y in principle of

applying the carriar aircraft as tha mobile laurnchers., The seriass/row

e e
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of foreign specialists considers that the aviation ballistic
air-to-surface nissiles are perspaective air weapon system, since they
remove th2 periods of the displacement >f the strategic bcmbers Ly

intercontinental rockets.

The aircraft, armed by tallistic missile, is the peculiar flying
launcher which possesses this important advantage as mobility aand the

possibility of rapid retargetting.

At preseat for the armament of tha strategic tcmbers B-52 is
developel/preccessed ballistic air-to-surface missile "Skybolt." It is
intenda2d for the damags/defeat of the important objects of the enemy
by nuclesar charges at the distarce 1600-2800 km from the place of

starting/laurching from the aircraft (Fig. 14).

Y

c&r e e
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Fig. 14, Apprarance 5f aircraft tallistic wmissila "Skybolt.™

Page 29.

In the foreign press it was communicated that the rockast
"skybol+" will be start=d frcm the aircraft, which fliess a%
height/altitude 10500~ 13700 M with a velocity of 960 km/h, and reach
in flight along the ballistic trajectory of the height/altitude of

320-480 km. The £1light speed of rocket is more than 2 km/s.

This rocket is made in the form of twc-stage flight vehiclsz., The
cverall langth cf "Skybolt" of 7.5 m; the length of first stage S.4
m, *ne sacond - 2.1 m. At first stage are established/installed lo:ng
fixedi stabilizars. The second, or ma-ch, step/stage is aquipped with
the aercdynamic controllers wtich are vlaced in the forward sectiocn

of the rocket - the diagram cf "weft®™, and are intended fcr ths




DOC = 80195403 EAGE 327 T

$q

cutput of rocket to the trajectcry of induction/guidance in the

atmosphere. Control in the vacuum is intended to fulfill with the aid
of auxiliary jet engines, placed in the nose sacticn of the secord

stage of rocket. !

Oon the bomber B-52 is prcvided for the simultaneous

-

transportaticn cf two ballistic missiles, For guaranteeing
balancing/trimming aircraft tkey will bz thrown off from th2
launchers simultaneously. The soclid propellant e2ngine of first stage
is intapdad to include at the srallest possible from *he carrier
distance., Duration of the wcrk ¢f enginz, cr the duration of the

powered flight of rocket, abcut €0 s.

After engine starting on the command/crew, subject from thz
carrier aircraft, the rocket will pass from the level flight to the

climbp with the subsequent tallistic trajectory flight,

In target area the reccket will ent2r in the atmosphere at tkhe
relatively flat angle (on the aerder cf 409), which must decr=ase
heating its second step/stage. For the protection of warhead from the
superhsating is applied the conae from th2 high-temperature (strzngth)

plastic materials.

Poz2ign specialists ccnfirm that the development of ballistic
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aircraft missiles did not cause great structural/design difficulties.

Excepticn is tha manufacture of guidancz equipment., Equipment must
ensure continuous presantaticn c¢f informa*+ion about moving
cocrdinates of bcmber, are whichk prior to the start necessary to
introduce into the calculating equirpment rockets. Will be there

previously introduced the target coordinates.

Prcm the precisicn/accuracy of the work of guidance equipmert as
+he final rz2sult will depernd th=2 amount of de2flzction of varhaad

relative to the obhject of darage/defeat.

Page 30.

Aerodynamic configuraticns of air-to-surface missiles. Schematics cf

ballistic aircraft missiles.

The aerodyramic configurations of the unguidead air-to-surface
missil2s in principls in no way differ from the unguided air-tc-air
missilass to which we briefly were introduced in the

oreceding/previcous chapter.

Aftor examinirg the ccncrate/sracific/actual saaples/spacinens
of the controlled air-tc-surface missilas, it is possible o draw the

conclusion that in these constructions/designs is given up the




r
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preference to the aircraft ccnfiguration of layout (besides ballistic

missile "Skybolt®),

A S —— -

This is caused, first of all, by tha ccmplexity of the extarnal
suspension of sufficiently large and heavy rockzts to to

carriar-aircraft.

The guided missiles with the crossed wings would prove to be
bulkier flight vehicles in ccrrarison with the analogous reckets,

made on the aircraft configuraticn. '

Ia the air-to-surface missiles, that have the aircraft
cornfiguration ¢f layou%, control is usuzlly accomplished/realized by

thas ctail or front control surfaces.

By their construction/design the guided missiles "Rascal,"

"Hound Dog" and "Blue Steel™ are similar t¢ ths small aircraft.

The longitudinal load-tearing elemsznts of the streamlinad
missila body ars lcng lecngercns/spars; transvserse loads accept frames
and framas/formers, 3stablished/installad at spscific distance ore

from andsther,

In rocket and aviaticn equipment hy *he loangeron/spar is

.
,

]
% PO p e
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accepted to imply the element/cell, arranged/located along the

missil2 body or wing and that receiving in full or in part the

bending moments,

Prames and frames/formers are intended for imparting the
prescribed/assigned form to the wissile body and fastening of
skin/shcathing, Furthsrmore, frames/formers sirzangthen the

cons<ruction/design of rocket.

Missile bcdy they usually face/trim with thin aluminum shsats.
Skin/sheathing in the constructicn/design ¢f housing accepts ths part
of the bending moment. In the wings sometimes instead of th2

long=rors/spars are utilizad hcnseyccemb type constructions/dasigns.

Page 31.

In this case all s€forts/fcrces, applierd to the wing, bear the
skin/sheathing and its £illirc hcneyccmb elements/cells., In the
external riveting skin joints the hocusings and the wings apply
countarsunk rivats. The characteristic fwaturae of wings and tail
assembly is their large swvweeptack, Swept ccnstructions/designs have
relatively small resistance at supersonic spesds the rates and in

this raspect they mere prefaratle than cectanqular onas.
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Aircraft ballistic missile does not have wings and is

cigar-shaped metal housinc witlr the small con%trols. These flight
vehiclss depending on, designaticn/purpose can be single-stage cr

P

tvo-staga. .

Pl

a

Structurally/#onstructicnally rockat consists of saveral
sections, intenied’ for positicning/arranging the warhead, equirment
for control and stlabilizaticr, drives and engine installations.

y )

2

Por the stabi*ization in the initial trajactcry phase sarve
fixed stabilizers, fixed to the aft btody in two mutually
perpandicular planes. Centrcls ir tha initial trajectory phase are

usual air vanes.

At the high aititudes in the aircraft ballistic amissiles is
applied tha jat guidance. One of the methods of jet guidanca consists
in the use/applicatior of the jet vanes, which are the graphite
plates, placed in the gas backwash. The work of these controls dces
not dapzsnd on the flight spaed of rocket and presence of the

atmosphere.

Is ir prirnciple possible the usesapplication of jet pivoting

motors to the missile body. Changing the position cf engine relative

to axis of rocket, it is rossitle tc obtain th2 necessary lateral
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forczsse.

The simpler diagram of jet guidance is based on the use of pilot
engines, intended for the creaticn of the augmented thrust, applied
in two contreocl plarmes. Por this ip the housings of rocket are cut
“hrough exhaust nozzles, thrcugh which 2scapes the gas flow of pilot

engine, which creates necessary side componants of steering commands.
Page 32.
Engine installations of air-%tc¢~surface missiles.

On the rockets "Rascal" and "Blue Steel" are
establishad/installad the liquid propellant rocket cngines (ZhRD
[ OKPO) - liquid propellant rcckzt engine])which on their
device/zguipment are mcre complicated thar sclid propellant engines.

Liquid propellant rocket engires wecrk on the liquid propellant which

usually consists cf twec compcnants - cxidizer and fuel.
Puel incluies the elements/cells, capable in the process of
chamical compourd with the oxidizer to isolate the n2cassary quarti:cy

¢f hsat. Oxidizer is cxygen cr arcther oxygen-containing substance.

ZhRD is th2 ccmposite/cchmpcund component part of the engine
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installation intc which, besidas engine, enter the propellant feed

system and control systen.

Liguid propellant rocket engine consists of head, injectors,

combustion chamber, exhaust rnc¢zzle and the so-called cooling jacket

(Fig. 15).
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Fig. 15. The schematic c¢f liquid propellant rockat engine with the
prassursized fezd of the fuel/rropellant: 1 - compressed air tank
under tha pressurs; 2 - fuel *ank; 3 - regula*ing rozzlas; 4 -
cocling jacket; 5 - combustion chamber; 6 -~ injscter; 7 - hydraulic
accumulator; 8 - actuating cylinder; 9 - fusl valves; 10 - starter
valve of 2ngine; 11 - oxidizer tank; 12 - air reducer; 13 -

valve/gata c¢f tatck/ballocn.
Pages 3J3.

In the engine head are established the injectors thrcugh which

inject into the combustior chamter thoss finely pulverized the fuel

and oxidizer. Fuel/prorellant in the combustion chamber with the work

of jet engine must be distributed evenly.

Burning with the greatest heat libzration will occur in such a

case, whan fueli and cxidizez will be supplied into the combusticn
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chamber in the necessary propcrtion with the mandatory formation of

the most uniform possible mixture from the propzllant compoaents.

In contemporary ZhRD are applied j3t-edge and swirl injectors.
Tha jet injecter cr2ates the narrow long flame cf fuel/propsllant.
The bes: atomizaticn of fuel/rrcpellant is reached with the aid cof
the swirl injectors in channels of which tke fuel/rropallant obtains
rotary moticn, Undar the acticn of cantrifugal forces the smallest
drops of fuel/propellant are distributed mcrz evenly. In ths engine
head are sometimes established simultanazously jet-edgz and swirl

injectors.

Thez propellan* component flow through cutlzts is dstermined by a

drop/jump in the pressure and by th: transverse flow passagys

cross-sectional area of injecters.

Combustion chambers of ZhRD can be twc geometric forms:
cylindrical and spherical (or close to it). Sphsrical chamktzr/camera
with the identical to the chasber/camera of cylindrical fcra volume
has smallar surface and sraller weight; however, is more complicated
in +he manufacture, Cylindrical chamber/camera in this resgsct is

mora convenient.

Combustion chambaxr of ZhEL converts/transfcrs into the nozzle,

L _ — | . ,l — .
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which is the channel whose crcss section first is decreased, and then
incraases in th2 specific law., Nozzle is intendecd for an increase in

the rate of the flow of the ccairg-cut gases.

It is experimentally estaklished/installed, that the superscaic
exhaust gas velocities car be cbtained in the so-~callad Laval nozzle.
The flow of gases, entaring the nozzle with suparsonic speed, in its
tapering portion slows down, ard in that expanding - it is

accelerated.

Gaomatric nczzla configuration is selected by such that lesses
in the rate would be as less as possiblz, and the surface of nozzle
wvas smallast. Intaks and nozzla «exits for decreasing the losses to

the fricticn are made as far as possible by short onses.
Page 34,

In ¢he combusticn chambers ZhRD with the combustiorn of two
prop2llant components is develcped absolute temperature to 30000,
Therefor2 for the praservaticn of engines from the decompositicn must

be cooled <then.

Is very extendad the external cooling of liquid-prcpellant

engine by cae cf the componants of the propellant, driven away
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through the cooling jacket, fcrmed by ths doubl: combusticn chamber

walls., This metheod of cooling is convenient fact that there is nc
reed for in the supplesentary cooling liquids and engine installation
has ainimum weight: however, the use,sapplication of an =2xternal

method of ccoling is connected with the definit: difficulties.

Som2times in ZhRD is applis? the internal cooling, based on thz
supply of surplus guantity cf fuel to the combustion chamber walls,
thanks to which is created peculiar shielding curtain. The action of
curtain consists in tha fact that the ligquid as a result of heating
and evaporation deducts heat in wall, and it also depresses the
temperature of that layer cf gas which directly comes intc contact

with the surface of combusticn chamber.

Is possible the usesaprlication of composit= cooling during
which the internal cooling decreases th2 heat flux, transferred to

walls, and azxternal - abstracts/removas it from “he walls.

The feed system and reqgulation includes the complex cf different
elamants/cells cf th2 engine installation: aggr=gates/units fcr
supplying the fuel/propellan%, ccnduits/manifolds, reducers, air

intakes, branch and other elements/cells, nacsssary for “he reliabls

self-operation c¢f ZhRD,
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On *he American reccket "Ecund Dog" is establishad/installed th:
turbojet engine (TRD [ (TPO) - turbcjet angin2])., Turbojet 2ngines
ara the variety of jet engines, As the fuel they utilize a liguid
propallant compcnent, while as the oxidizer - oxygen of the

environmaent.

Turboja2t engine consists of diffuser, compressor, combustior

chamber, gas turbirne and nczzle, ccntained in the metal housing,

In the diffuser occurs the transformation of velocity head of
the incident flow into the static pressure. From the diffuser the air
falls into the ccmprassor, in which cccurs the air compression. In

TRD are applied the compresscris c¢f *vo types - axial and centrifugal.

Axial-flow compressor ccnsists of the set of fastened with each

o her rctor wvwhe2ls,

Page 35.

Pig. 16 shows diagram of THD with the axial-flow ccmpressor.

As carn be sean from the given diagram, between rotor wheels of

axial-flow comprasscr are placed the blades of fixed guiding device,

intended for brzking of air flow.
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Bach wheel of axiagl-flow ccmpressor with the sutsequent
seriss/row ¢f vanes is the independant step/stage, which ensures an

increase in the pressure c¢n 20-300/c¢c. In the engine they establish !

from 6 to 16 such steps/stages.

.

Air compression can be made by the centrifugal compressor in
which tha entered +hrough the central opening/aperture air is caught |
by impeller blades and is thrcwrn/rejected from the centar of circle.

@ith an increase in the speed cf rctation of impeller is raised the

air pressure, Cantrifugal compressors usually are single-stage.

Combustion chamber is placed between the turbine and the

compr2ssor, they are which they are connact/joined rtogether by staf:,
For the protection of shaft frcm the effect of high temperatures one
cverall chamber/camera they replace ky several separate
chambers/cameras, placed arcurd the shaft in %h2
circle/circumference. In each chamber/camera for the propellant
atomization is a2n irnjectcr. Furthermore, in one - two
chambers/cameras ara 2l2ctric lights for thas propellant ignition
during engine starting. In %te remaining chambers/cameras tha

inflammation of fuel is produced from the flames of these

chambars/cameras with the aid of thes connecting tubes, For 2angine
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; starting in the combustion chambers are established supplementary

injectors,

Th2 temperatur2z o0f fuel in the combustion chamber of flame

reaches 20009C, The entering frcs the compressor air is divided into

two flows.
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Pig. 16. Schematic of axial-flcw jet engine.

| Key: (1) . Auxiliary units. (2). Compression. (3). Combusticn. (4)

Outflou.
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Page 3o.

Approximately/exemplarily the fifth part of the air is supplied into
th2 Zlama tube, i.e., intc that part of the chamber/camera wher=
occurs the basic process c¢f turning. Remaining air, washirg frcm the
cu*ter side flame tube, cools it. The coming-out from the flame tube
gases ara mixed with the entire mass of air and is fcrmed gas-air

pixturs wi+th temperatura of 8¢S(-900°C.

The placed after gas turtine combustors is intended for rotating
“h2? compra2sscr. Rotary effort, /force from the turbire is transferred
through the coupling shaft. Structurally/ccnstructionally gas tucrbine
is very similar to the compresscr. This can be =xplained by the

similarity c¢f the occurring in ttem physical rrocesses.

Turbinas can be respectively radial and axial. In contamporary
TRD [turbojat engine], as a rule, are applied axial-flow compressors

and axial-flows turbine.

For an increase in the rate of exhaust gases behind th2 turtine

is astanlished/installed the jet nczzle, made in the form ¢f the
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conical convergent nozzle, befecr2 which is placz2d transition

elament/cell - exhaust cona. |

In flight of rocket ccntrary air flow through the inlet enters

the compressor, in which cccurs the air cospression. !

-

The ccmpressed air is sugpplied into tha combustion chambers,
vhers is injected liquid fuel. There occurs the formation of

combustible mixture and its kurning.

Prcm the combusticn chamter the gases fall to the fixed nozzle
blades; here pressure falls, Lut increases :the rate c¢f flow to ¥

several ones £frcm the meters per seccnd.

Frem the nczzle blades the gasas ara directed to the impeller of
<he gas turbine whose tlades are prcfilad in such a way “hat with ths
flow of gases appears tcrgque. This fcrces to rotats turbine wheal
with the 2normcus rate, Ccmkbusticn products the large part of their
kinetvic energy transfer tc rctcr wheel; therefore behind the turbine

they have a comparatively lcw speed and a pressure, which exceeds

atmospharcic 2-2.5 times. The final expansicn of gases cccurs in the

je* nozzla,

Thus, in contrast to ZhERL [ liquid propellant rccket engine] ard
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solid propellant engine turbcjet engine has moving elements.

Page 37.

As it was noted earlier, ¢n the aircraft ballistic missile
wSkybolt® is provided for the usesapplication of a sclid propellent
rockat engine. Its devicesequirment in principle in no way diffars
from the device/equipment c¢f the engines, used in the air-to-air
missilas. It is obvious that the power of engine is selacted taking
into account the weight of tallistic missile, requirad r-ate and

flying range.

In the engines cof the fcrward reaction examined which f£ind wide

application on all types c¢f aviaticn rocket wzapon, thermal energy is

convarted substances kinetic due to the expansion of combustion gases

and their motion through tha rczzlse.

The directed cutfilow of gasas l=2ads to the emerg:nce cf thrust
force. In the wide concept the thrust force is the axial of the

rasultart fcrce of pressure, distributed cver the antire surface of

flight vehicle.

The thrust components ar€ the prassure of gases, ejected

back/ago from the engine and e€ffacting on its irternal surface, and

|
|
|
|
:

b i [T N
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the axial forcc of atmospheric pressura, applied to the extsrnal
surface of rocket. The created with jet engina thrust accomplishes
the work which is spent on cverccming of resistance in flight of

rocket,
Guidance equipment for air-tc-surface missiles.

In the air-to-surface missiles is applied the so-called insrtia
guidance squipment., This equipmert ralates tc the variety cf the
autonomous contrcl systems, i.e., such systems which do not depend on
the external sources of infcrmaticn,

Into inertial guidance system enter:

- accelerometers, or accelerometers:

- computers, or intesgratcrs;

- gyrostabilized platfcrr.

Accelerometsers are sufficjertly to simplicity the sensitive

davice/a2quipmart, in which there ar: soring-mounted lcad, cr inert

body, pctantiomater and damper (Fig. 17).

[ I
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Page 38.

With a change in the rate of rccket in acccrdance with the laws cf
physics the inert body attempts to preserve its irnitial positiom, in
consequence of which occurs tke displacement of body relative to the

missila body and connected with it housing of accelerometer.

The amount of the displacem«ent of inert body is fixed/racorded
with the electrical potenticmeter with runner of which is zigidly
connacted the lcad. Elastic fcrce of spring is selected ir such a way
that it balances the inertial fcrce, applied to the locad. If the
accelaration of load is equal tc tha acceleration ¢f rocket, than
load will rot move relative tc missile body and the wiper will remain

at point with the zero voltace,

With waight shifting under the action cf the inertial forces,
caused by emergsnce in the rocks:t of side accelaraticns, the inert

body acts on spring with the fcrce, proportional to acceleraticn.

Onder the effect of the inertial forces the load will remain cn
thz spo*, and the connected with the housing wiper will move fer the
valuz, proporticral tc the side accsleratica ¢f rcckst, tc what will
corraspcend the value of the pesitive or negative stress/voltage,

removed from the output/yield ¢f accelerometer.
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At present in the inertial systems are applied the new tyges of
the accelerometers, which pcssass high precision/accuracy and siaple
in the device/equipment. In these meters is used the principle of the
vibrating plate the fragquency cf which dapends orn the value of the

applied acceleration., Fcr rate reasurement it is necessary to sum up

the total quantity of oscillatcry periods for the time unit.
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Fig. 17. The schematic diagram c¢f the acceleromster: 1 - inert becdy
(lcad); 2 - spring; 3 - damper; 4 - potenticmeter; 5 - unit cf
integrators.

Page 33,

Prcm physics it is krown that upon the uaniform acczleration tha

rate of any mass is propcrticral to the prcduct of acceleration to

+he period of its action.

With the guidance of rocket tc the target its accsleration
continuously changes value ané sign. For detaezmining the averags
speed the rockets in entire secticn ¢f induction/guidance with an
arbitrary and continucus change in the acceleration entire tinme
interval of the acticn of acceleration divide/mark off into the
series/rovw of the very small tesmgcrary/time subintervals, for each of
wvhich is m=2asured the average acceleraticn. Tha product of average

acceleration to the value cf the corresponding subinterval will give




DOC = 80195404 EAGE 7#

@ velocity increment in 3ach measured secticn.

For calculating true airspeed of rocket it is necessary to
consecutively/serially multiply average acceleraticns to the duration
of each subinterval, and then taking into account the sign of the
velocity components to produce the consecutive summation of all

components.

This process is called integration, and th: instrument, with the
aid of which autcmatically are produced the multiplication of
accelerations tc the time intervels and the summation of ccmponants

cf velocity of rocket, it is called intagrator.

Damper is intended fcr thke¢ decrease undar the spring eifect of
the harmonic oscillaticns of inzrt bedy relative to the point, which

corrzspends to the true acceleration of rocket.

Por measuring all displacements/movements of rccket it is
recessary to produce the sultigplication of corresponding componznts
cf velocity of rockst %o the period of their actiorn. These
operaticns/proczssses make the unit of integrators frcm output/yield

of which ars removed/taken thke stresses/voltages, proporticnal tc the

displacemerts/movements of rccket.
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Unit is placed on the special platform, stabilized in flight

with the aid of two or three gyrcscopes in such a way that its
positior does nct depend on the position of rocket in the space. The
$tabilization of platfcrm is prcvided with the aid of the electrical
or pneumatic drives, tc input c¢£f which enter ths control voltages

from the potentiometers of gyrcscopes.

Accelerometers placa on the gyrostabilized pla%form sc that
their measuring axes/axles wculd be perpendicular to each other. Each
of the accelerometers determines cne of the components of tae

acceleration of rcckat in the cccrdinatas of inertia space.

Page 40.

Th2 accelerometsr of pitch determines the accaleraticns, which agpear
in “he rocket with its disclacasent/movement inm the vertical ccatrol
plane. The accelerometer of lcngitudinal accelerations measures the
accelerations in thke missile headirng, while ths accelszrometar of

course - with its deviatic¢n frcrmr range plane.

Aftar dual intsgration ir the inertia guidance equipmen* are
produced the stresses/voltages, which correspcnd to the amount of
deflection of rccket from the trajectory of ianduction/guidance or tc

the value of the covered rath. After fntansification these
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stressas/voltages through the autopilot act on controls, in order to

return rocket tc the trajsctcecry cf irnducticn/guidance or to transfer
i+ into the dive upon the reachisg/achievement by the rocket of the

calculation point of damagesdefeat.

Por the effective combat eaxployment of the controlled
ajir-to-surface missiles at the m¢ment of their starting/launching it
is necessary to accurately kncw the cocrdinates of carrisr aircraft.
In the foreign press it was coszmunicatad that these data
automatically are intrcduced intc the guidarca =quipment cf rocket
into the established/installed c¢n the aircraft astro-inertia systen,
which pessesses the brcad tand ¢f the measur2d acceleraticrs and

velocities, and also the rslatively high precision/accuracy of wcrk.

darheads of air-to-surface missiles

The target of the conmkat emplcyment of the started from <he
aircraft rcckets is the deliverys/procurement of warheads tc the

select3d objects.

In the second world Wa:c- fcr thz dastruction c¢f diverse
ground-bassd, abcve-water and aerial targets wers utilized the
convancional warheads. At the <nd of th: war appeared the first

sanmples/specimens ¢f puclear weapcns, Americans with the aid of the
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heavy aircraft supplied to the Japanese cities, which do not have
military value, the first A-t¢mts., In the postwar years nuclear

wveapons continued continucusly tc be improved and to be developed.

Nuclear charges are suhkdivided into the atomic ones and the

hydrogen ones (thermonuclear).

In the atomic warhead of rccket the energy is isolated due to
fission reaction c¢f the atomic nuclei of heavy chemical elements.
Isolatahle during the atomic exrlosicn of the warhead of rccket
energy is formed in the presernce of the fission chain reaction of

uraniuam-233, uranium-235 cr glutcnium.

During the atomic explcsicn is isolated encrmous energy conternt,

which causss large dacompcsiticn to c¢cbiject,
Paga U1,

As is known, all Etodies ccnsist of the smallast particles - %hz
solecules which possess all preperties of cna or the other substance.
volacules ia ¢turn, include different quantity of coanected with each

*<fI 1°0OmS.

ca zn its structure resambles the structure of tha sclar

’e - 2

fad
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system. In the center is located the nucleus, around it rotates
certain quantity of negativaely charged/lcaded particles ~ elactrchs.
Atom does not have free sleactrical charges: thersfore its rucleus is
charged/loaded by tha positive electric charge, =2qual in terms of the

absolute value to the total net charge of pegative electron shell.

Soviet scientists D, D. lIvanenko and Ye. N, Gapon demonstrated
that the atomic nuclei consist c¢f twc forms of particles - positive

protons and neutral neutrcns.

From physics it is known that bpetwean the 2lectric ckarges there
are forces of interacticn. If charges have opposite signs, they are

attracted/tightened to each cther, whils if identical - are rzpulsed.

The located in the nucleus heavy protcns are repulsed from e€ach
otner with the znormous fcrce. Besides repulsive fcrces, in the
nuclaus are attracting forces, which effect between the groups of the
so-called nucleons (proctons ard neutromns). Th2 attracting forces and

repulsicn of each other neutralize,

Ordar the sffect of th2 intranuclear fecrces under specific
conditicns occurs tha spcntanecus division of the heavy atomic auclzi
cf uranium or plutonium, i.2., theic- decomposition/d2cay in4o +he

un2qual parts. Initially uron decay of on=2 nucleus are isclat=d
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several neutrons which fall intc the adjacent nuclei and destrcy

tham. As tha final result this leads to “he emergence of

avalanche-type chain reacticer.

In the atomic charge tte chain reaction will occur in such a
case, when warhead contains thke specific quantity of radioactive
material. The smallest volume cf radiocactive material, with which is
feasible the atcmic exrlosicn, is call2ad critical. In the foreign
press it.uas ncted that the weight of the critical charge, prepared
in the form of spherz, composes ssvsral kilograms. The large pisces
of radicactive uranium-233, crarium-235 and plutonium not at all can

exist.

L2t us erxamire cne of the pcssible schematics of the
device/cquipment of the atomic warhcad of air-to-surface missile

(Fig. 18).
Paga 42,
It consists of skell, two disccnnect2d pisces of radioactive uracium

cr plutonium, two reflectcrs, ctarge of convantional explosive,

detonatcr and fuse.

Within the metal shall ¢f head is a cylindrical cavity at ands
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of which are placed two pieces cf uranium=-235 (or another fissionable
material) . Tha mass of =2ach c¢f them is lower than the critical, and

thoir total super-critical zass,

For the comapound cf twc gieces of fissionable atomic material
and obtaining of its critical sass are utilized the usual charges,
which during th: explosion cause the almost instantanesous contac+ of

two pieces of fissionable material (FPig. 19).

force will te the greater, the mcre rapid and tha

vill enter the reaction. Thus, explosive force is

proportional tc the coefficient ¢f the use cf taoe fissionabls

warhead are apcpli2d neutron reflector from
of beryllium. Reflector is intended for the return
charzge, i.€., it contritutes tc an increase in the

use of the fissionabl2 material,

The shell of warhead is made of durable steel in order to
avoid the possibility of splitting the monclithic picsces ¢f

fissionable matsrial in*toc the swmall pieces with the mass lass zhan
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The effect of explosicn it is accepted to 2stimate by the value

c¢f ths TNT equivalsnt, i.e., Ly that quantity of trotyl which during

+he 2xplosicn of conventicral exgplesive would give the same effact,

The exploded in the postwar period atcmic charges depending or

bore had the TNT equivalent frcm several thousand to hundreds cf

thousands of tonse.
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Fig. 18. Ths schematic diagrar cf tha device/=quipment of tha atcmic
warhead: 1 - mechanism ¢f regctesdistance ¢r parcussion; 2 -
detonators of explosiva; 3 - charge of usual substance; 4 - cavity,
from which is evacuated the air; 5 - atcmic charge; 6 - neutrson

ceflacter; 7 - shell.

Page 43.

During the atomic explcsion appears glaringly the bright

flash/burst, which sven in the clear solar weather lights up vicinity

to tens of kilcmeters.

Pollowing the flash/burst is formed the fireball, well seen from

th2 large distance., Rafpidly ircreasing and being built up upward, it

is gradually ccnverted into mushzoomcloud by height/altituds inte

PR VU
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several kilometers.

The explosion of atomic ckarge is acccmpanied by shock wvave,
luminous radiation, penetrating radiation and radiocactive
contamiration of loccality. Skock wave will deposit enormous
meéhanical decompositicn, and luminous radiation can cause large
fires., Pon2trating radiation of neutrons and gamma-rays is disastrcus

for the living organisas.

The colossal anargy, which is isolated during the explosicn of
hydrogen or thermonuclear charges, appears as a result of the
formation of the more heavy nuclei of hezlium atcms from the light

atomic nuclzi of hydrcgen isotoge.

Thermonuclear warheads possess even larger destructiva

propertias,

In the foreign press i* was communicated that the thermonuclear
charge with the TNT equivalent into 20 megatons causes dsccmpositich

in a radius of approximately 1€ km.

Atcmic and thermonuclear ctrarges apply in the air-to-surface

missilas, that have the range in sevaral hundred kilomeaters.

|
i
I
y
i
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Fig. 19. The diagram of ob*aining atcmic 2xplosion with the compcund
of two pieces of fissicnable raterial each of which has a mass, cnly

smaller than the critical.

Key: (1) . Pieces with the mass lass than the critical. (2). Piece
with super-critical mass. (3). Explcsion of piece with super~critical

-

NasSe.

Page 44,
In the tactical missilas utilize th2 usual warkeads, which
according to their designaticr/purpose can be axplcsive, HE

fragmentation, fragmentation, igpiticn and cumulative,

The explosive, fragmentaticn and HE fragmentation heads of
air-<o-surface missiles in principle bacely differ from the haads,

used in the previously air-tc-air missiles <xamirned.
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Ignition warheads are equipped with the chemical substance which
is dispersed during the explcsicn and burns by strong flame,
developing in this case temperature to 20009C. As the incendiary
pixtur2 utilize the alloys of magnesium, thermite mixtures,

phosphorus, and alsc hardened casoline or petroleun.

Incendiary charges usually are manufactured in the form of tha
magnesium cylinder, f£illed with the thermite mixture (oxide of iren
and aluminum), The igniticrn cf the thermite mixture is produced with
*he aid of the fuse, which igrites pcwder or powder of magnesiuam,

vhich ignite thermite mixture.

Sometimes igniticn warhead they 2quip with a small quantity of
conventional explosive. It is imtended for the dispersion of the

burning elements/cells of head over definitaly the area.

Por the decomposition of the armored targets are applied the
warheads with the shaped chazge. In this axplosive charge is gdiven
special form, which makes it pessible to concentrata axplosive energy

in the required direction.
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Fuses of alr-to-surface missiles.

The blasting/detriment ¢f the warheads of the majority of the
samplas/specimens of the rockets of the class in question is produced
with the aid of the relatively simple impact fuzes which consist of a

capsule-detonator, striker and msechanism of preservation.

During rocket flight the shcck worker is situated in the r=zar
position, at the moment cf the encounter cf rocket with target +tkhe
striker continues to move over the inertia and pricks a
capsule-igniter which undermines detonator. The latter causes the

detonatior of the main charge c¢f warhead.

Sometimes are appliz2d impact fuzes with the
delay/retarding/deceleraticn, this makes it possible for rocket to

penetrate in the target at the stecific degth, and then to explode.
Page 45.

Depending on that, where is produced the blasting/detriment of
atonic warhead - underground (water), on the sarth's surface (water)
er 3n tha2 air at the heigh*/altitudz of several hundred metcrs -

»xplosicns are subdivided intc the unda-grcund cnes (underwater), the

ground-based ones (above-water) and the air cnes; these explosiors
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are characterized by differant degr:2e cf contaminaticn of locality.

For the blasting/detrimaent of atomic charge on the earth/grcund
can be used usual impact fuzes shich provide the irflammaticr of
powder in the head. Fcrmed in this case gaseous products collides the
noncritical masses of atomic charge, which causes its chain reaction.
The und2rground blasting/detriment cf atomic charge can be produced
with the aid of the impact fuze with th2

delay/retarding/decsleration.

Por the blasting/detrimert ¢f atomic head in the air ars
utilized the radio altimeters or the baromeiric altimeters, which are

the measuring elements/cells of prcximity fuse.

The basic element/cell cf the barometric altimeter, which fixes
a change in the atmospheric fpressure, is anercid or the bellows, from

which is avacuated the air.

Aneroid is placed in the airtight chamber, ccnnected with the
aid of the conduit/manifold with the receiver of the statistical
prassur:z, carried cut to the surface of the warhead of projactile.

L J

With the anz2roid is ccnnected the thrust, which sets to tha

motion the wiper. With a reducticn/desc=2nt in the rocket to the
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rajuirad height/altitude at the potentiometer appears the electricai
signal of the corresponding value, which includcs the electrical
destruct circuit of conventional explosive, which in turn, produces

air atomic explosicn.

In the radio altimeter fcr measuring ths height/altitudas is
utilized th2 transceiver equipment, which works in the pulse or
continuous duty. Upon the reactings/achievement by the rocket of the
necessary height/altitude cccirs the inclusion/connection cf the

2lectrical target cf the blasting of chargs.
Power supplias actuatcrcs.

Entire used in the guided missilas radio-electronic equipnmert

consumes 2lectrical enargy.

Page U6,

For the vwork of squipment are applied battery power-supply systasms
with the convertar of alternating current. The characteristic feature
cf converters is high fregquency-stabili:y and stress/voltage,

attained with the aid of the special regulators.

In the guidance equipmert cf rcckets the slectrical error sigral
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must be intensified and ccnverted into the mechanical motion of the

corrassponding control. This task makes the actuator.

Apply several methods the energy transfers to the load of the

system cof control - electrical, pneumatic and hydraulic.

In the electrical transmission systems of energy as tha
actuators utilize the 2lectric actors of direct or alternating

curran+,

Pig. 20 shcws ths diagras of tae actuator in vwhich is used the
electric motor of direct currert. Toc the input cf the excitatica
winding of generator is supplied the intensive error signal.
Depending on value and sign cf this error signal in the genszrator is
produced the corresponding stress/voltage which is supplied to the

armature of electric motor.

In cornectiorn with the fact that the excitation windirg cf
direct-current motor is excited by *the independent source, the
directicn of rctaticn of armature is determined by the polarity cf

the produced by current generatcr, and *he spsed of rotation - by its

valus,.
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Fig. 20. Schematic diagram cf tha electric motor of the dirzct

curr2nt, utilized as the actuatcr,

Key: {1) . Armature with the constant velocity of rotation. (2).
Excitation winding. (3). Armature. (4). Mechanical
conrectfon/communicaticn to ccntrol. (5 « Generator. (6). Electric

motor. (7). Ioput signal, propcrtional to valuz ¢ errzor vcltage.

pPage 47,

The elactric motor, mechanically connacted with the coatrel, produces

its displacement/movement in the necessary directien.

The work of hydraulic drives is based on the uniform tzansfer of
axtarnal fluid pressure. Hydraulic sys*=2ms includs th2 pressura

oumps, controlled by electric mctors, rescrveirs, bypass valves and
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other elements/cells.

In the pneumatic system is utilized the located under the large
air pressure., This system ccpsists of reservoir with the compressed
air, conduits/manifclds, air relay, elements/cells of mechanical j

connection/conmunicaticn and other fparts.

In the guided missiles there are many othar mechanical and
elacrro-radiotechnical elements/cells (contactors, electronic
amplifiers, solenoids, timing devices, etc.), which in their B
devica/cquipment and designaticn/purpose are analogous to thssse

elements/cells in many ¢yfpes ¢f the guided nmissiles.
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Page 48.
Chapter I1I.

PRINCIPLES OF THE COMBAT EMPICYMENT OF AN AIRCRAPT RCCKET WEAPON OF

CLASS AIR-TO-AIR AND AIBR-TC-SURFACE.
Combat missions, made by figkter aviation.

Pighter aviation is utilized for the cover of the troops and
cbjects from the air strikes and pilotless air attack wzapcas of th=
eneny, and alsc for dealing with the air reconnaissance aircraft.
These tasks are made in interacticn with the ground-based or ship air

defensa woapons.

The cover c¢f cbjects in ths interior ¢f tha2 country is
accomplished/realized in essence via flights from the airfields to

the interception of the aerial targets.

In the frontal zone the fichters carry on a struggle with the

air anamy both on the approaches to the frent lins and in the darpth

e -
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of their combat groupings. Fighter aviation is applied for the
intercepticn of the bombers of the gnemy at different
heights/altitudes, it carries cn a struggle with the pilotless air

attack weapons and the ballccrs.

In the second World War the interception of air enemy under
front ccnditions often was made frcm th2 helding areas, they were
which they were located above the lccation of the enemy or the

locatior of its trcops.

Pighter aviation is utilized also for tha cover of ships in sea

and the naval bases.

Fighters can accompany others of the air arm in flight fcr tte
elongation/extent ¢f entire route, in the individual sections cr in

+he combat araa.

Page 49,

In the lattar case of the grcur ¢f tfighters they arrive into the

combat area c¢f sarlier than the rrovided aircraft and carry on a

struggle with the fighters of the enemy.

The specially chosen parts and the subdivisions of fightar
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aviation are drawn for the ccver of their home airfieslds.

Oons of the important tasks, laid on fightsr aviation, is fight
with the airborne troops c¢f the enemy, Pighters can eliminate landing
aircraft on the route of their flight, in the area of debarkation or
drop of landing, strike landing cn the sarth/ground, and alsoc prcvide
the combat operaticns ¢f the kcxbers, which deliver impacts/shocks on

the airborne trcops.

Pighter aviation can alsc¢ be drawn, also, for conducting the
aerial reconnaissance in the interests of Air Porce, yground forces

and flaet,

In the interests of VVS the fighters find out air defense
system, airfjelds ard separate urits. Asrial reconnaissance is
conducted in pairs by £fighters, as a rule, by mesans of photography

and visual observation.

Por the fleet the fighters find out the sea and coastal targets
nf the enemy, for ground fcrces - concantration of hostile trocps,
“hair mevem:nt along the rcads, and alsc is established/installeé the

orzssnce of bridges and crossings in the water obstacles.

In the course of comkat*t c¢pzrations multipurposs f£ighters are
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drawn for the damage/defeat of the important, w=2ll disguised objects,
such, as the positions cf rocket and cannon-type artillery, tanks acnd
armored carriers, radarcs, control canters, train, bridges and the

troop concentration. Ccnsequectly, multipurpose fightars can be dravn

for the damage/defeat both c¢f air and ground targets.

The flights of fighter aviation for the SvPPorf of ground
forcas era produced according t¢ the przvicusly developed plan/layocut
inwhich are determined cbjacts c¢f damage/defeat and action time.
Fighters can be located cn tte airfields ip the readiness Zor the
actions for the applicaticn ¢f impacts/shocks on the suddenly

appearing targets.

Pighter aviation can be used fcr the holdecz-up of its airborne

troops.
Page 50.

Befors drop or airtorné landing rreliminarily and in the course cf
landing is made the aviaticp preraration fcr landing and the
suoprassion c¢f the air defense weapcns of the enaemy in the line cf

«raffic of transport aircraft.

With accomplishing of the aviaticn preparaticn for landing the

©
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basic objects of the acticns cf fighter aviation can be the tanks,
rockaet installations and trccps, which lead combat with the lanrding

or advanced from other areas.

During the fight with the airbcrne troops of the enemy the
fighters are dravwn for the dsstruction of his cargo f£lest and landing
parts on the initial airfields, in the air and in the area of

landing.

Fighter aviaticn can carry cn a struggle with the amphibicus
forces. In the coast defense the figh%ers are utilized for the
immersion of transpcrt vesszls c¢n their apprroach to coast feature,
=liminate rroops and anphibious means at the moment of landing of

paratroops and in the course ¢f ccmbat operations.
Combat employmeat cf the unguided and controlled air-to-air missilcs.

Contempcrary fighter-tc-fighter air combat, armed by rocket
veapon, differs from the dogfichts, which cccurred in the pericd of

+ha second werld war.

Th: succasses, acniavad in the aeronautical development ard
rocket armament, make it pcssible f£cr fighters to conduct combat

cperaticns at different heightsyaltitudes, in the daytime and at
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night, under simple and severe weather conditions.

Interception by the fighter of high-altitude high-speed bcmter
is complex problem, since fighter does not always have speed
advantage in comparison with the speed of Bomber. Purthermore, the
ground radar of detection and induction/guidance for a number of
reasons can belatedly reveal/detect target and derive on it

fighter-interceptor.

Statistics shows that the probability cf ths interception of
bombars in the past world war was apgroximately 30o0/0. In this case
only in 16c/0 of cases was cpened/disclosed the firing and 100/0 of
attacks were successful/fruitful. Thesa indicas were coasidered as

the very successful.

Since then the fighter-interceptors underwant qualitative
changes, and radars cf intarcertion became automatic radio sighrs.

For the armamernt of fighters entared the air-%o-air missiles.

Bombardmant aviation in the prccess of its development alsc underwent

qualitative changes.

Page 51,

The probability of the irterception of higa-spseds bomber, in
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the opinion of the foreign specialists, actually increased
insignificantly. Frcm experiment of the numsrous studias, carried out
abroad, it follcws that the ccntemporary subsonic
fighter-interceptors at the heightsaltitude to 12-15 km intercept

30-400/c of the crews of the attacking forces.,

Actions on the high-altitude targets (it is more than 15 km) are
less successful/fruitful, There are no data about the parcentage of
shoot-dcwn of high-speeds tcmker at present. It is assumed that in
the future war the fighter-intercepters will shoot dowan not each

intercepted bomber, but only certain part cf them.

Air-to-air missiles raised the probability cf the destructicr of
bombers, since they transpcrt a considerably larger quantity of
exvlosives, and the guided missiles, furthermore, thay are guided to
+he target with the larger precisionsaccuracy. However, the
damage/dafeat of bombers by rcckets is the consisting element/cell of

dogfight.
The takeoff of fighter tc the interception of the manned or
pilotlass target will pracsde its detection with the aid cf the

ground radar of detection ard induction/guidance.

Th2 maximum time of warnirg/pravention aboutr the appeararnce of a

—
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+arget depends on the characteristic of radars, places of thedir

arrangement/position, heightsaltitude and flight speed of bomber.

Pig. 21 gives the graph, which shows tha dependenca cf the
maximum time of warning/preventicn c¢cn the speed and flight altitudes
¢ bomber. This depend2nce is constructad for flight altitudes of {
targat from 30 to 1.5 km taking into account the theoretically

maximum range of the ground stations of detection.

Prom the graph it is evidert that the subsonic bombers can ke
detected depending cn flight altitude in 15-25 min tc their apprcach
to the location of radar., Supzrscnic bembers, in spite of an increase
in altitude of their f£1light, they can be discovered in 10-20 min. Por
this limit=d time the Zfighter amust take off, collect haights/altitude,
reveal/detect, intercerpt tarcet, ccnduct with it combat and destroy

targat to its apprcach to the defendad object.

Lat us examine the case ¢f attack by the fightar ¢f bcmber frca

th2 rear hemisphere.

Page 52.

Practic2 shcws that command/crew to tha 1lift of fighter the alert

pilot ob*tains not immediately, tut through several minutes, This time

‘ ’ —— | e ———————— J
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is recessary tc the target identification, making of decision to tiz
interception, the transfer and the rassage along the lines of

coamunications of command/crew to executor/performer.

The fighter, which pcssesses flight speed 1200 ka/h, reaches the

height/altitude of 15 km apprcximately/2xesmplarily in 7-9 nin.

Usually fighter-intercegtcr is derived/concluded into the
rend2zvcus araa with the Lomter at a distance of 120-160 km frcem the
coverad objact. To this £1light it will be requicsd by already 6-8
min. Consequently, for conducting the dogfight pilot will have
available only 7-12 min, for this time it is necessary to
reveal/detect target by ontocard radio sight, to overtake, to take ainm
and to shoot down it, Fires/licht on the target by rockers %air - aicz®

is usually opened/disclosed frcm the distaaca of 1-2 knm.

#ith the excess of the spreed of the fighter above the speed of
bomber in 200 km the operaticns/process is cvartaken it «will engage

about 3-4 min.

Consequently, rapecrt “TErget I see, I attack" pracedes the very
strassed¢ work of the calculaticp ¢f the ccntrcl post and craw of %hz

aimed interceptor.
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Fig. 21. Maximum time cf warnirgs/prevention, provided by search

rada-s for the aircraft with éiffersnt speeds and by design altitude.
Rey: (). I - zcne of operaticns/processas 1958-1960. (2). Time c¢f
warning/prevention of mines. (3). Height/altituds. (4). Aprroximats
distance. (5). True airspeed cf tcmber, km/h,

Page 53.

Wwith the least arrcr in the wcrk of any of thesa components/links the

i target can be passed.

k 1f one assumes that the aprroaching the deferded object bcmler

at a distance tc 65-100 kr is nct yet fired and its crew will do

sntire possible so as in the latter/last phase of flight nct to be
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biased/beaten (but this it is pcssible to avoid due to the skill ful
raneuver or the usae/applicaticn of radio interference), thsen it is
completely obvious that there is a real prcbability of the

breach/inrush ¢f bomber to the ctject of bembing.

Lat us assume that tcok fplace the successful interceptor control
to the target, and let us trace the lattarylast stage c¢f intercapticn

- dogfight.

After revealing/detecting ¢n the indicator of radio sight mark
from the bomber, fighter rilct begins to ccnverge with the target. In
th2 complete darkness when kefcre its eyes flicker only numerous
ins*ruments, without seeing target and b=ing oriented toward it Ly
the flickering mark on the indicator, fighter must be drawn together

with the bomber.

As soot as they will be drawn togsathar to the distance of
firing, #ill occur the "capture/grip" of target; further cutcome of
dogfight is solved automatically. Fighter gilot presses trigger
button - shudders machine frame. Th2 accustomed *to the darknass eyss
of pilot to the instant blinds tright £lash/burst from %he

includeéd/conrected jet a2ngine ¢f thsz guid=2d missile or several sclid

propellant engines of the unquided rocksts.

a~ e -
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The preliminarily prepared to the start guided nissile is guidad
to the targat on the invisible radic beam ¢z on the commands/crews of
self-homing head. Through several seconds in front of the interceptor
appears bright flash/burst - tcmter (or winged winged missile) is

destroyed.

Thus, air-to-air missiles are sufficiently powerful/taick
contampcrary aircraft weapon, The kill protability of the target of
each of such guided missiles rany times exceeds the effectivensass of

the firing aircraft cannons cr machinpe guns.

In the night dogfight, ir the opinion of the foreign
specialists, will be used *he rackets, aimed with the aid c¢f the
radar guidance systems and ecuipped by infrared seli-homirng heads
which ara especially ccnvenient for the aerial gunnery frcm the rear

hemisphere.
Page 54,

The high-thrust jets c¢f tcmber are the stable source of infrared
radiaticn to which will be accurately darived/concludad each

projectile,

It is considered that » ¢he ccanstructicn by reliable PVO cf
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some air-to-air missiles it is insufficient.

In this case the target was biased/beaten literally for several

ten kilometers to the coversd ctject,

In the transient nigh% dcgfight is feasiblz the case, when the

craw of bomber uses radio interference or fulfills the unmexpectzd '
enargatic anti-fighter maneuver, i.s., it will rnot make pcssible to
fighter to take aim. Under these conditions tha target carn be fired

cr even not at all discovered by radio sight.

Practice shows that to the repeated intercaptor contrecl, that
flies at high speeds, will be required still several minutes during

which the crevw cf bomber can acccmplish its task.

Starn attack of the supersonic tombar always cannot end

succassfully to the output/yield of bomber to bomb-release line.

Taking intc account shcrtccmings in stern attack, American
designars developed the sufficiently complicated equipment, which
makes it possible to intercept and to strike the aerial targets in

~ha crossing ccurses.

This ma2thod of intercepticn is based on the use of calculatcrs
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and automation of the operaticn/process of interception and requires
increase in the precisionsaccuracy of the conclusicrn/derivation cf
interceptor by the bomker, since the insignificant error in the
course plotting of target can lead to the disruption/separation cf

interception.

Let us assume that with tks aid cf the ground radar the
interceptor is accurately derived into-target area at angle of 909 to
its course. Radar of interceptcr must reveal/detect target and take
it, from this point on, ground-tased equipsent ceases to

centrol/guide the flight ¢f fighter.

In the prccess o2f target tracking the airborne radar daterminss
+*he data about its positicn, cistances and speeds and transfers then

to the airborne computer which produces basic firing data.

Page 55,

+ the necessary moment/torgque cccurs launching/starting the guided
missile, which will strike target with the large probabilicy, if

enemy does not undertake radio ccuntermsasures.

Some foreign specialists ccnfirm trat the intercaepticn in the

crossing courses does not sclve radically the problem of tha
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interception of high-speed/hich-velccity aerial target. Calculators
increase ths probability c¢f interception; however, the well prepared
crav of bomber under specific ccnditions can axclude the

us2/application of rockets cr lower their effectiveness.

Th2 important means, whiclk coaplicates a precise
conclusion/derivation ¢f interceptor to the target, is the maneuver
of bomber in the speed, the heightsaltituds and the dirzction. By the
force of the discrete/digital reading of target present-positions
datum by grcund-based radars the error in the ccded commarnds/cre s,
transfarrad to the interceptcr from the sarth/ground, with its
guidance to the target will grc¢w/rise in the case of the maneuver cf
bomber. This as the final result can lead to ths loss by the

intercaptor of target,

The task c¢f the intercepticn of the aarial targets in the
head-on courses is the dastructicn ¢f bombers at the considerable

remcval/distance frem the defende=d objectis.

The complexity of prcblem ccnsists in the fact that even during
tha detection c¢f bomber radic sight at the removal/distance in
sev-ral ten kilcmetecs the *c%al rate of closure of interceptor and
bombar will be sc¢ it is great, that the pilct of fightar will have at

his 4isposal tco little time fcr the aiming.

PR,
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In addition to this the tctal flight speed of target and
intercaptor, equal to 4M, is the limit of tha psychophysical
possibilities of the lccated ir the aircraft person., Under thesa
conditions the pilot is capable tc distinguish object/subject only in

the cone aith angle of 1569,

The measurass for the ccunteraction of bombers to the
fighter-interceptors, armed Lty air-to-air missiles, can be
anti~fightar mapeuver, raid c¢f tte £fire/small groups c¢f bcmbers in
the appropriate combat formaticns ard wide applicaticn of radar

i clutter,

The applied in the Seccnd werld war anti-fighter mancuver, in
“he opinion of the foreign specialists, thus far still it ramains the
efficient means, which consideraktly complicates the task of

intercepticn.

S—
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Page S56.

Thus, the timely corrective turn of bomber into ths sidz of
fightar converts intarception in the crossirng ccurses irnto the barely

effoective interceptior in the tead-cn courses.

With the timely facing c¢f tomber to the side from the fighter
the interception in the crossing ccurses will become intercaption in
+he identical courses. Under these conditions it is overtaken target

it canp occur out of the zcne of acticn of the ground radar of

induction/guidance.

In field ccrditions with the breach/inrush of the defense of
enemy should be sxpected the considerabls dansity of raid from ore
2ither several directicns when per unit time to the assault objective
will emerge a maximally possiktle quantity cf single bombers or
fine/small groups, which, in the opinion of many specialists, can

considerably hinder/hamper tke counteracticn of defand=r.

The ccmmand of PVC, without having the capability under thasz

conditions, especially at nictt, to use sirultaneously marny
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interceptors, will forced the pact of the targezs leave without the

counteraction., Furthermore, the uses/application of radar clutter at
the high density of raid will frcve to be considerably aore

effectivae,

In the fora2igr press it was repeat2d4ly indicated that the
use/application of infrared homing systems forgss the combat
employment of air-to-air missiles by tha limited region of the basic
thermal radiation/smission of each target. As is known, the large
part of the thermal radiaticn cf contemporary aircraft is directed to

the rear hemisphere.

Purthermcrz, ths range of infrared homing system depends cn
meteorological conditions, time cf days, direction of attack with
respect to the sun and to the lcngitudinal axis of bomber., Thersfore
th? guidia2d missilas with the thermal heads will be in assence used
cnly for the £iring night, also, at the high altitudes, sincs such

conditions are best for the wc¢rk of infrared guidance systems.
The use/application of air-to—-air missiles will not ensure the
reliable damage/defeat of homker at night cr undar savere weather

conditions at the heigbt/al*titude below 1-1.5 knu.

page 57.
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Us2/application in the air-to-air missil=2s not usual, but atonmic
charges will considarably raise their effectiveness, In the foreign

press it was communicated tkat with the blasting/detriment of the

atomic head of the pro jectile "Genie" all aerial targets at a

distancs to 500-800 m from the bturst ceanter will be destrcyed.

However, even use/applicaticn of atomic charges in the rockets
of the class in question, in the opinion of the foreign specialists,
cannot guarantee interception and destruction cf all aerial targets
by all-veather interceptors, sirce the firing these m2ans precede
such complicatal el2ments/cells cf dogfight as inductiorn/guidance, H
aporoactk and the "™captura/grip" of the targets which not always can

be in proper time and successfully fulfilled. Therefor2 a sharp

increase in the effectiveness of the warhead of air-to-air missile,

based on the us2/application cf atomic charges, is importert, Lut not

basic factor.

After examining the srecial featur=s/peculiarities of the j
dogfight between the inteiceptor, armed by air-to-air missiles, and
the bomber, it is possible t¢ draw *he conclusion tha* it is nct

possible %o previously predict the cutcom2 of the fight between that

defended and that attacking sides.
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The aquipm2nt of fighters with air-+to-air missiles to the
certain dsgree strengthened them; howevar, this veapon does not sake

it possibls to zliminate with the required probability of air weapon

! syst2m, since the combat charactaristics of the latter alsc strongly

increased. P

Combat missions, made Ly korktardzent aviation.

Bombardment aviation is the independent kind of Air Force. It is
intendad fcor th: application c¢f the pcwerful/thick impacts/shecks

into the short time interval c¢n different cbjects of 2namy.

Contemporary bombers possass the long range of action and are

applied for the damage/defeat of diversz objects bo+h on tha fisld of

battle and in the deep rear.
Th2 impocrtant cbject of tha combat operations of tactical

bombardment aviaticn are hostile trcops which on the field 2f battle

usually are plazzd ip differer*t angirearing structuras (trench,

|
|
|
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shelters, the passages of communication, etc.), and also rockst
installations/sa2ttings up and the firingy pecsiticns of artillery

installations/settings up.

Page 58,

Undar contemperary conditicns to tanks is assigned large rcle
both with the offensive cnes and during the defensive operations.
Bcmb2rs are capable ¢f dalivering impacts/shocks on the tanks, which

are found in the shelters or in the motion,

Frcm experiment i+ is kncwn that to the successful ccmbat
operaticas of its ground forces coatrihutes the disorganization cf
con*rol by hos%ile troops. Bomtardment aviation will be always drawn
for ies=ruction or suppression of ccmmand and observation posts,
staflis, centers cf communicaticn of enemy and other technical means

cf control.

Bombers can deliver impacts/shocks by the railroad junctions,
the stations, the rolling s*ccks with the troops and the loads, on
*h» bridges on th2 highways or cn troops' accumulations in the

crossings through the river 1lines.

Under contemporary conditicns the tactical aviation is drawn for

ii . = ‘ ' ‘i
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the application of impacts/shccks on th: stcragss and varehouses with
th2 ammunition, the combustible and various technico-material means.
Storages in the army and army rear usually are placed large area and

are masked well,

Pight with the air weapcn systams of the enemy is the most
importart task cf belligerents. Bombers will deliver impacts/shocks

on the airfields and the launch pads of rockat weapon.

If ground forces act in the coastal zones, then tactical
bombardmant aviation will act sea communications of the enemy and

2liminate combat ships and shirs on the bases and in sea.

Undar the z2ffect cf the great succzsses in the aercnautical
development and atomic weapon in some capitalist countriss wide
acceptance? received the views atout +hat leading it swarmed ir mcdern

war of Air Porce and rockets cf different classes.

For example, in the USA is cfficially proclaimed doctrina albout
the leading role in modern war of "air-atomic power". From this air
doctrine it follows that comkat aviation of vvs, first of all
strategic aviation and intercontinental rockzts, will mako it

possible to destroy tha vital cbjects of the enemy, composing basis

ecoroaic ard military povwers cf state.
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Page 59. t

As the most important objects in the depth cf the state of the :
enemy are considered military-pclitical centers, areas/sites for the
starting/launching cof intercontinental ballistic missiles, aviation

and se2a bases, storajes of atcmic weapon, largest power stations,

which lead industrial areas, e€tc.

The prominent representatives cf American and English VVSs
confirm that strategic aviaticp best anything can utilize nuclear
wveapons and within the shcrtaest pericds blow up the =2conomic and war

potential of the enenmy.

Foreign specialists ccnsider also that the replacement of %t he
manned aviation by rockets, ir srite of the fact that a quan%tity of
sntaring th2 armamant rockets ccntiruously grows/rises, will occur
gradually; it will pass still much time befors this weapon it will

extrudea/exclude the superscnic ranned aviation.

Large hcpes abroad are laid for the usa/application of the

long-range guided missiles and aircraft ballistic air-to-surfacs

missiles, intended for the damagi/def=at of the importart objects oI
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the snemy, well shielded by ccnt2mporary air defense weapons.

Combat emplcyment of the unguided and controlled air-to-surface

missiles.

Overcoming contamporary system of PVO in the theater cperations
or in the depth of the state c¢f the enemy is considered as the
complax problem whes2 success is detarmined by many different
factors, ircluding by ccapleteness cf prospecting the objects of the
enemy, by tactical-technical charac eristics of aircraft arnd %h=zir

armament, by combat training cf crews.

Tha combat employment of air-to-surface missiles will precede
careful aerial reccnnaissanca. Each reconnaissance aircraf+ undar
contempecrary conditions is ccrsidered as the potential carrier of
atomic woapon; therefcre enemy will :ry by the methods of every kind

hia to Jas+roy.

During soms studi=ss aktroad “he aerial r:connaissance of oktjects

in *he tactical and operaticnal depth was conducted by the

reccanaissacce aircraft which dapending on th2 situation of lethal




DOC = 80195406 PAGE ,??
factor at the low, average/mean and high altitudes,

To each found out target it was provided for to three aircraft

departuras,
Page 60.

The night prospecting of objects often was mads at the low
altitude. In the ar2a of cbject flight altitude increassd, object wvas
photegraphad or was zxamined/scanned several times, approach2s tc it

usually vare done froa different directions,

Radar guidancz systams of AA guidad missiles and radar =2quifpment
of the inducticn/quidance ¢f fighters of PVO were deteciad with +he
aid of bomber type special reccnnaissance aircraft, equipped by

reconnaissance radio equipment.

Uniar contsmporary ccnditicns was zliminate«d the nzed in the
concentration of a large quantity of bombers for the decompositicn of
important cbjects in the thnater opearations and in the intericr cf

*he country of eneny.

In recert years the aviaticn during the studies, as a cule,

act2d by the fine/small grougs, which consist of several aircraft.
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7ith the breach/inrush tc the well shielded objects the aircraft

of tactical aviation accomplished low-altitude flights.

In the course cf the holder-up of ground forces the
fightar-bembers, arm2d by the unquided and controlled air-to-surfacs
missilss, car eliminate small size mobila arnd fixed targets, such as
tanks, armored carriers, traips, the launching sites of recckat
installaticns/sattings up, radars, control posts, troops in the

motion and inr the assembly areas.

Pighter-hembers fir> small size mobile and £ixed targets Ly

rock=ts from th2 lcw altitudes.

As is krown, is for the first time concentrated unguided
air-to-surface missiles were used in tha Grsat Patriotic War with the
battle in Volga. Jur aviaticn, storming the forces and a2quipment of
the ena2my, inflicted enormous lcsses on 2nemy., These successes Jdrew
the attention of the military specialists ¢f many countries and

contributed to further develcgment of air-to-surface missilas.

Poss2ssing high maneuverability, fighter-bombers with %“ha

bcmbardmernt by the rockets of *the pinpoint targsts for achiesvement cf
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rapidity can extensively use bcrizontal and vertical mansuvers.
Page 61, ‘

During the studies, carried out in the seriss/row of states, it
was 2stablished/installed, “hat the fighter-bcmpers, which make raid
at the low alti“udc and high speed, succassfully car burst open tc¢

the prescribed/assigned otjects,

The high precisions/accuracy of the firing rockets makes it
possible for agressor tc apply the small on th2 number groups of
fighter-bombers. Fcr achievement of rapidity ths strikas can be

dapositzd at tha broad frernt.

The charactsristic tactical spescial featurz/peculiarity of
multipurpose fighter~bombers is the fact that they can conduct
indevendantly dcgfight after the damage/defeat c¢f small sizas grournd
(above-water) tirgets by air-+tc-surface missilass. Consegquently, the
multipurposa fighter-bombers, armed by air-to-surfacs missiles arcd

"air - air", 4o nct reed fighter cover.

In the series/row of studies nmultipurpose Zighter-bombers wers

used for harassing ¢f fightar air defansa aviation c¢f defend2r ard

disorgarization cf its acticns, In the zones of the datecticn of
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radars cf the earemy repeatedly appeared the fin:/swmall grouos c¢f the
aircraft which immediately after the takeoff of intarceptors departed
to their airfields. Such frequent false raids caused the increased
expendiiure/consumption of the aircraft departures of fighter air

defense aviaticrn of encmy.

Combining the distracting false and real raids, agressor
attain2d that to the ocutlined for the impact/shock targets burst open

the specially choser fine/small groups >f multipurpcess figh*ers.

Tha stratejic bombers during all studies usually acted withcut
*he cover and ware da2livered the impacts/shocks by fine/small grcups
into 4-5 aircraft. Distance c¢r the time between the groups of 9-MN
min, acd between the aircraft - 1-2 min. Flight altitudsz of 12-15

thcusand nm.

Lat us pause at some specieal features/paculiarities cf the
use/application of the contrclled air-to-surface missiles, that
possess the range in several hundred kilomet'ars and guided to the

target with the aid of the inertial guidance system.
As is known, sensing slewnerts ¢f inartial guidance system are

the accelerometers which are intended for msasuring the acczleratioauns

of rockat., Passad by rocke+ way is calculated as a result cf the

i
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continuous dual integration of accelerations in the phase of £light

betwaan the target and the carriar aircraft.

Page 62,

But what, in :the cpinicen of the foreign specialists, are the
real possibilities of a precise hit by the long-range controlled

ajr-to-surfaca missile?

Contemporary strategic tcmbers havz available diverse navigation
aids; however, in £1ight above the territory of the enemy craws will
as far as possibla avoid the usz/applicaticn of panoramic radar sets
and meanrs of distan* radic navigation., Otherwisz? shcw/render the

active electronic countermeasuyre.

I¢ is known that the visual orientation during the night f£flight
of the strategic bomber is s*trcngly hindered /hamperad, and under tha
bad wea*her conditicns generally it is szliminated. Consequently, its
£1ight above the territcry cf the enemy can be checked in essence by
the means of astronavigaticn, and for a precise orientation must

periodically be included pancramic radar set,

Por positiorn finding of aircraft with the aid of the mcans the

as“ronavigation use the methcd cf measuring the heights/altitudes of
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two or mor2 than stars, in this case arz always corractad Sfor
parallax, refraction, dip of tte hcrizon, for the semidiameter of the
sun or moon. However, even the most precise introduction of all
corrections does nct eliminate tha sufficiently essential errors in

the deteraination cf movipg coordinates of bomber,

Prom the affirmat ion of the forsign specialists, the accumulated
error in position finding of aircraft during the usesapplication of

means of astronavigation reaches to 15~20 knm,

Purthermore, the measurement of speed and wind direction in
flight of bcabsr out cf the grcund visibility will be made also with

the 2rror. After rccket launctirg wind forcz will be reflect2d also

in the precision/accuracy of its induction/guidance. Finally, is
possible the effect of the lccal gravity anomalies which can
influence the work of gyrc irstruments and the precision/accuracy of

the firing the guided missiles.

All this will cause considerablas errors at the target of the
rockets, aimed with the aid ¢f the inertial guidance systems. In
connection with the relatively lcw accuracy of gﬁiding rockat to
targzt usual wacheads will be us2d as exception/eliminaticr, since
atomic and thermonuclear heads to a certain extsnt compensate

vectoring errors.
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Paga 63.

All long-range air-to-surface missiles after start must complete
the sufficiently erdurance flight above the terrcitory cf the eneny,
that it does not eliminate *te fossibility of their
incid2nca/impizgsmert into the zones of the attainability of AA
guidal missilas, Taking into account tha consideratle geomerric
dimensions of *“he contrclled air-to-surface missiles and th2
relatively largar value of their effective reflscting radar surface,
foreign specialists allow/assume the possibility of the destruction

of the guided missiles by surface-to-air missil=ss.

The essential shortcoming, which lowers the effectiveness >f the
combat employment cf rockets cf the type "Rascal” and "Hourd Dcg",
are their large sizes/dimensicns and weight. As it was noted, the
transportation of these rockets was possibls only with the axterral
susp2nsion, Consequently, the maneuverabili:y capabilities of the
bomber, which carries actually cre - two large aircraf%, will be
considerably lowered. This increases thz2 probability of intarcepticn
by the fighter 9f carriar aircraft before its approximation/apgrcach

to a border of missile takecff,
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One of the means, which impeds to defend2r the destruction cf
aircraft - the rocket Lkearer cf class "air - the earth/ground", is
the us2/application cf different decoy targets which can be thrown
off from the bomber at the mcment of its attack by interceptor. Decoy

targets can also distract to themselves surface-to-air missiles.

As it was compmunicated in tha foreign press, the effectiveness
of the setting of passive jamming X of bombers B~52 is depraessed ]
because tha dipcls resflectors always lag bekind the directed
aircraft. For the eliminaticn c¢f this shoértcoming in tha USA ar2
developed/processed small stcres with the rockst projactiles which i

are intended for the e jection of metallic tands or reflactcecrs cf

another type in front of the strategic bombers. 1

In order t> increase the prcbability c¢f ovzrcoming the air
defense weapons by strateqic aviation, some forsign specialists
proposa to combine boaber raids with *hs raids cf winged

sur face~-to~-surface missiles.

Ther2 is an opinicn that if theo attack of cruise missiles on the

tize and thz targets will be matched with the a<tack of bombers, thsan

the lattar will cbiain the serias/row of the advartages, which

facilitats acccmplishing by tham combat mission,
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In varticular, it is irdicated that the flying in frent of the

bombers cruise missiles can be used for the decomposition of tha

objects of PVO cf er=2my and can also be used for dealing with the

radar equipment of eneay.
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Page 64.

The experimental startingslaunching of aircraft ballistic
missiles from the American manred kcmbers showed that this weafpon is

very promising.

Some foreign specialists ccnsider that the flying basas fer the
starting/launching of tallistic missiles will give in the future of
strategic aviation such impcrtant advantages as dispersed nature,

mobility and the flexibility c¢f usesapplication.

In the foreign press it was noted that the long-range aircraft
ballistic missile has a seriess/row cof advantages befcre the rocket,
started from the earth/grcund. Fcr example, aircraft to rocket tc¢
more easily re-aim, than the rocket of any other system of ballistic
arms. Tc make a decision about the starting/launcaing of ballistic
surface-to-surface missile is ccrsiderably more difficult than about

the flight of the manned bcmber, armed by ballistic amissile.

Poreign specialists emphasize that the aircraft - the carrier of

long-range ballistic missile can pass *he significant part of the way
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to the side of the cnenmy, and then him it will pe possible to rscall
back/ago after the refinement c¢f situation, which is completely
excludad in the case of applying the intercontinental ballistic

missiles, started from the eartk/grocund.

Majorities of previously axamined air-to-surface missiles
intanded for the damage/defeat of grcund targets, it can extensively

be used for the firing at the akcve-water and underwater waterborne

targets.

Aftar appearance on tha shield of panoramic radar set of tae on
duty reconnaissance aircraft ¢f marks from the ships and vessels of
anary the dafender will build up into the air the bcmbers, armed by

long-range rockets.

The outcome of thes duel tetween bhombers and ships of enemy will
be datermined by strength ratie, used in ccmbat, by quantity of Ltuilt
up into the air Lkombers, by the trasenca abcard the ships ¢f the
antiairzcraft missile systems, bty a quantity of fighter-intercergtcrs,

etC.

In viaw of the technical cceplaxity cf crganizing the uniformly
strong ship air defense the part of the bombers undar specific

conditions will be able it tc cverccme, since a large quantity of
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dispersed ships and ships will rzpresent tempting targets for the

bombers, armed by the rcckets ¢f class "air - the earth/grcund

{surface) ",

Page 65.

Carrier-based fighter-interceptcrs under severe weather

conditions cannot simultanscusly intercept all bombers, which

accomplish the clearly planned raid from the different directions

With a large gquantity of aircraft in the air on the indicatecrs

of the ship radar of inducticn/guidance will be examined/scanned a

considerable quantity c¢f trigktness marks.

It is obvious that, the rcrs complicated air situaticn, the mors
difficult calculations of ship ccntrol posts correct to distribute
the targests between the fighter-intarceptors. Even with a gocd

training of operatcrs are unavoidable such s=rrors, as the passage of

targets, inducticn/guidance tc their aircraft, guidance toc one target

of several interceptors, etc.

Por dealing for the waterktcrne targets the bombers carn emplcy

“h» rockats, ccntrelled with the aid of the majority c¢f the existirg

guidance systems and homing, %with exception of inertial systsm, which
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does not consider the mcticn cf target.

The concentrated startingylauaching cf a large quantity of i
rockets, which start simultanecusly from different aircraft, creates

severe conditions for EVO of the grcup of ships.

The guided missiles can te used also for dealing with the
submarines of enemy, wvhich are lccated in the above-water positicn.
For this are applied the rockets, intended for the damage/defsat of

small skips or pinpoint targets,

FPight with the not immersed suktmarines for the aircraf: -~ rcckat
bearsrs do=s not present gr2at difficulty, sircs the submarines do
not have powerful/thick air defepse weapons. If the crew of boat in
proper time reveals/detects the aircraft of enemy and will have tims
to ensurs its rapid inserticn tec the launching cf rocket, then the

submarire will survive.,

In the opinion of some fcreign specialists, fcr the dastructicn
of the submerged submarines can be drawn the aircraft and the
helicopters, acmed by the special rockets, which ars the ccmbinaticon

of the unguided rocket and hcumirg tcrpedo.

It is obvious that the uses/application of these rockets will
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orecade submarine detecticn. The extended methods cf submarine
detection consider visual cbhservaticn from the air, use/application
of hydroacoustic equipment and zeasurement of the local disturbances

of terrestrial magnetic field.,
Page 66,

The probability of the visual jetacticn of the submerged toat
depends on the time of days, metecrclogical conditions, character of

agitation, submersion deptk, cc¢ntrast with the sea bcttom, =2tc.

In thea seriss/rovw of fleets wide distribution received the
sonobuoys with the necessary crbcard equipment on the aircraft, arnd
also magnetic feelers. The effectiveness of the use/application of
bucys dapands cn the hydrclogical ccnditions of sea and ncise level

of the submarine,

For submarine detecticn with the aid ¢f the means of
hydroacoustics it is necessary that the boat would traverse
audibility zone of buoy, i.e., s¢c that in the course the motions cof
*he submarine wculd craate tarrizr cf these means or would surround

by its closed duct/contour cf the buoys.

The sonobuoys are equipment for single action. The buoys,
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discard=d arcund the mobile Lkcat, will prove “0 be uselzss, whan it
oversteps the limits cf their action. Taking into account the
complaxity of this antisutmarine search, ir some fleets this problen
they solve with the aid of ttke fkeliccpters, from which into the water

lovwer the towed sonar.

All existing methods o¢f the detection ¢f the submerged
submarinas require the enlistzernts of thas well trained operatcrs,
capable 2f distinguishing the diverse phencmena, disclosing the

submarine, from the similar phercmena, which occur on other reascrs.

After the detection of the submerged submarine in the area cf
its location will be caused the aircraft - carrier of special
rocksts. At the necessary momentstorqua frem tha aircrait starts thae
rockat, which can be aimed at the undervater target with the aid of
*he combined guidance system. Cr cne of the forszign rockets its
lat=ral guidance is produced with the aid of the radio commands, and

flight altitude is corrected bty radic altimetar.

With the approximaticnsapgrcach of rocket to a target to tne
range of guidance eguipment frcm it automatically will be
saparat:d/liberzted all inh=rsn%t in rocket elem2nts/cells (vings,
con+trols, accelsratcr), and the hcming step/stage will be inmmersed

into the water and will be drawn together with the assault objectivz
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independantly., The damaqe/defeat of the suktmergad boat will occur as

a result of the undervater explcsicn of warhead.,

Page 67,

To congquer in modern war is possible c¢nly by the joint
efforts/forces of all tranches ¢f the armed forces. The value ¢f each
form of the armed forces and arm of service will be determined by the

svecific conditions of the armed £fight.

Experiment of the Seccnd Werld war and further development cf
combat aviation in the fpostwar paricd confirmed that Air Fcrce at
present occupy the impcrtant place in the general/common/total systsn

of all branches of the armed fcrces,

However, even possibility c¢f the concentzata2d use/applicaticn in
VVS of long-range air-tc-surface missiles, squipped wita atomic and
thermonruclear ckargas, does nct dacrease rcle and decisive impcrtance

of the rocket fcrces, trocps ¢f air def=nse, ground forces, navy.

The2 considerable technical progress of aviation eyguipmsnt ard
in<roduction ir VVS of rccket weapon sharply increased the ccmbat

capabilities of manned aircraf: and enlarged thz regions of their

coabat employment,
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Engels noted that "... the successes c¢f technology, hardly they

becane applicable arnd actually were appliad to the military targets,

e e e E——— -

immediately - almost it is fcrcitle, fregquently morecver, against
military command's will ~ prcduced changes and even rolls in the

method th=2 conduct of comtatni,

FOOTNOTE'P. Engzls. Anti-Duhring, Gospolitizdat, 1952, page 160.

ENDFOOTNOTE.

Rapid technical progress tcuched not cnly Air Force. In tha :
advanced countrias successfully are developed the mzans of the

counteraction tc the manned and pilotless air attack weapons.

The davelopment of tha new typés of weaponry and tachnology of
VVS enriches operational art and tactics of the combat employment of
aviation. The mecst impcrtant task of cperational art and tactics of

VVS is research and masterys/adcrtion of the new methods of conducting

the combat operations ¢n the air and ground (sea) targets under

; conditicns of applying the ccentemporary ccmbat means.
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Page 68.

Table of the fundamental tactical-tachnical characteristics of

air-to-surface missiles.
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Key: (1) . No on pores. (2). Designation of rocket. (3).
Accessorys/affiliation. (4). Laurnching weight, kg. (5). Length, m.
(6) » Dizmetsr, m. (7). Span of wings, m. (8). Charge. (9). Engine.
(10). Range, km. (11). Flight sreed (Mach pumber). (12). Guidance
system. (13). Starting/launching. (14). Note. (15). "Zuni". (16).
USA. (17). Usual., (18). Aftout. (19), Not guided. (20). Frcm fighters
and fight=ar-bombers. (21). It is lccated as arms. (22). "Bullpup®.

R
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(23). The same. (24). Usual. {(25). BRadio-ccmmand. (26). Frcm aircraft
and helicopters. (27). "Hound Dcg"., (28) . Nuclzar, ...Mt. (29).
Autonomcus; (30) « Frocm bombers. (31). "Skybolt". (32). Ballistic
missile is located in stage cf developmant. (33). "Blue Steel™. (34).

England. (35). It is in production, (36). "Nord®. (37). France.

v

ca rmwe



DocC 80195407

PaGE /5/

Paga 69,

“rable of tha furndamental tactical-technical characteristics of

air-to-z2ir missiles.
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Key: (1) . Saquence nc. (2). Designation of rocket. (3).
Accessorysaffiliation, (4). Launching wsight, kg. (5). Length, m.
(6) . Diametar, m. (7). Span cf swings, m. (8). Charge. (9). Engine.
(10) . Range, km. (11). Combtat altitude, km. (12). Flight spead (Mach
numbar). (13). Guidance system (14). Starting/launching. (15). Ncte.
(16). "Falcon®, (17). USA., (1€). Usual. (19). To. (20). Semi-active
radar or thermal. (21). From fighters. (22). It is located as arues.
(23) . "sidewinder". (24). The sage. (25) . It is more. (26). Thermal.
- PPN adasisiia i - “J
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(27) . "Sparrou-III". (28) . Rada:. (29’ . rGen ie"l (30) . Nucl’.—‘:ar. (31) .

Not guidad. (32). From fightars and tombers. (33). "Firestreak™".
(34). England. (35). Usual., (36). "Matra", (37). Prance. (38).

Semi~-active radar.

Designations: ZhRD - 1liguid propellant rocket engine; RDTT -
solid propellent rocket engine; TRD - turbcjst sngine; e - 20 data.
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