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Following is a verbatim translation of Chapter III
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Enemy Nuclear Artillery, Free Rockets, and Guided Missiles
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Chapter III,

?

"Methods of Determining Settings for Fire for Effect Against.

Enemy Offensive ' Nuclear Weapons"

The special features of the combat employment of
enemy guns (launchers) and, in particular, the short
time they spend at firing positions (launch cites),
their high degree of mobility, and the considerable
distance of the siting areas from the forward subunits
of our troops, present a whole series of requirements
for the methods of determining fire settings used by
missile troops and artillery; we are Considering the
most important , of .them here.

The methodsofdetermining settings must be character-
ized by great accuracy and ensure surprise opening of-
fire, be simple in planning andexecution, and require as
small an expenditure of time as possible in order not .
t. hold up the preparation of guns (missiles) for firing
w:.cri located a: a firing position (launch site) .

accuracy of the m'-nod exeriA a direct effect.
expencitur ,z norm of v.-lens or on the size of the

INT cquiValent (yield) of a'nuclear charge. Thus, when
firing shells with conventional filling, a doubling of
the preparation error resUltS in an tncreasa of the
txpenditure norm approximately fourfold DJ.* If it
is considered that artillery fire against enemy guns
(launchers) entails a considerable shell expenditure
then the need, for more accurate methods of determining
settings becomes evident.

	

El El	 1	 of
It is known that N K? x z 'when E	 t • IP

ts

. K.	 tf
N. 1	 fs 1,

• ts

-2-

SE ET



IIIV SSRET

(ION BARK I

The effect of the accuracy of the methoa for deter-
mining settings on the site of yien of a nuclear charge
is even more considerable. Let us assume that there is
an individual target which it is necessary to destroy with
about 90 percent certainty with a nuclear charge. We
know that to destroy such a target with a fire error of
magnitude 'h, a nuclear charge with a yield q_ is necessary,
having a radius of destruction R o . 3 x it i . L Let us sup-
pose that with another method ordetermining settims, the
fire error 12 is m times greater than 	 i.e., 15 2 a M XPC
Then with this method of determining settings, the radius
of destruction R p 2' which ensures the destruction of the
target, will be:

R 2 a3XZe . a 31CMX2 

We know that for the majority of targets, including
enemy offensive nuclear weapons, the following equation is
Valid:

R ,.,	 Z cir--

R
12	 2---

when DI q 2 rt-f-C7_7 q 1 B E 2 ? Et7 °r 2C?_7
1 •

R P ? )
Wrir_.7 ° q 1 DJ

IsR	 ?
q

Consequently, when firing with nuclear ammunition
against individual targets, a doubling Of the fire error .
results in doubling the required radius of destruction, and

increasing the required yield of the 'nuclear charge approxi-
mately eightfold.

t..
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W11.4	 14.m.ecwe Li the ::ize (area) of a.tar et, the
effect oi '4 ;ire -. 1.ror on thc Cone word missing.., yield of
the nuclear charge required for its destruction le slightly

'reduced L77.7.

It should be noted that the fire error is basically
Cone word missing] th .. error in the method of determining
settings (errors of preparation C?..71and diversion. The
proportion* of errors of preparation in L77 / the fire error
differs for various types of missiles and artillery and is
approximately 30 to 60 percent for tactical missiles, 10 to
40 percent for operational-tactical missiles, and In the order
of 90 percent for rifled artillery. For this reason the
accuracy of methods of determining settings will only
partially influence change in the yield of the nuclear
charge. This effect will be predominant for rifled artil-
lery, but for tactical and operational-tactical missiles, in
the majority of cases, it will take second place to the
effect of dispersion. Eowever, even in this case there is
no doubt about the need to use more accurate methods of
determining fire settings. As nj the proportion of
preparation errors in the fire error increases and the effect
of dispersion decreases (work is now being done on just these
lines), the need to employ more accurate methods of determining
settings becomes all the more apparent.

In the overwhelming majority of caseq,enemy offensive
nuclear weapons must be destroyed immediately after detection.
The response time (vremya gotovnosti) of missile or artillery
subunits to open fire against an enemy gun (launcher) that
has been located consists of the time to occupy a launch site
or liring position (if it is not already occupied), the time
to prepare the missile or artillery equipment (launchers) and
ammunition for firing, and the time for fire planning and to
prepare settings for fire for effect. This time differs for
various types of missiles (artillery) and various methods of
determining settings.

* The ratio of the 'square 'of the preparation error to the
square of the .fire error is borne in mind for example; DJ
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For rifled artillery systems, which, as a rule,
occupy firing positions in advance, the minimum time
is needed,.being egual to the time to prepare (One
adjpct.tve missingjfire (carrying out adjustment of
fire); this in the main depends on the method of de-
termining settings.

For tactical and operational-tactical missiles this
time depends, in the main, on the time taken to prepare
(check) missiles, but the time to determine fire set-
tings also has considerable importance.

The continuous improvement in the methods Of
preparation for fire from a launch site with the object
of reducing the preparation time for opening firesand
the requirement for immediate opening of fire When called
for necessitate, when combating enemy offensive nuclear
weapons, the employment of those methods of determining
fire settings which are the simplest to plan and which ensure
the opening of fire in the shortest time. This should . not
Djexceed the time to prepare missiles (guns),on'the
launch site (firing position) for firing.

Let us make .a preliminary evaluation of the various
methods of determining settings for fire for effect in
order tc bring out the possibtlities of employing them
when planning the combat Against enemy offensive nuclear
weapons.

For rifled artillery, the main methods of determining
settings for fire for effect against enemy batteries are:
full preparation (polnaya podgotnvka), the use of data
of registration (pristrelochnyy) pieces (POOL-yr,
transfer of fire (perenos ognya),and adjustment d ectly
on the targets (pristrelka .neposredstvenno po tselza.mj
with the aid of aircraft, helicopters,a radar set 0
or a sound-ranging battery (BaR).

. Of these methods of determining settings, the Most
accurate methods are bated an . direct .adjustment on the
target with the aid of an aircraft or helicopter. In
addition to great accuracy, these methods also have several

-5-
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other especially important features which permit their
use when planning the combat against enemy offensive nuclear
weapons. It is known that it is very important to detect

: and destroy (neutralize) an enemy gun (launcher) before
it fires. Only such means of reconnaissance (which are.
also the means of carrying out adjustment of fire) as
aircraft and helicopters cm: locate an enemy gun (launcher)
before it fires and can ensure adjustment of fire on it
in a short time.

•	 Such means of reconnaissance that ensure adjustment
of fire, such as radar sets and a sound-ranging battery,
can locate (determine the coordinates Of) a gun (launcher)
only when it fires. Adjustment on a target will make
sense when less time is spent on its planning and exe-
cution than is required for the enemy gun (launcher)'
to. evacuate the firing position. A comparison with this
time makes it possible to conclude that only a radar set:in
certain cases, ensures adjustment on the target in time. If
it is taken into account that it permits great accuracy of
adjustment on targets detected by other meane, then the
advisability of the widespread' use of radar sets when
planning the combat against enemy offensive nuclear weapons
becomes apparent. As for adjustment by means of a sound-
ranging battery, it should be considered inadvisable fijr:
in view of the low degree of accuracy and duration of
rangi:.g and also in view of the unreliability of sound-ranging
at extreme distances;

.1S11 preparation must be, used. as often as possible
when planning the combat against enemy offensive nuclear
weapons:because it ensures the constant readiness of any
quantity of artillery to open effective surprise fire for
effect. It is true thit when firing at long distandess
full preparation is inferior in accuracy to other methods
of determining settings. However, it should be considered
that in the majority of eases it will be possible by =ems
of a radar sets and sometimes an aircraft, to check the
accuracy of settings computed an the basis of full Pre■
piration and to make adjustments as a result of which the
acceracyof settings will be materially improved.'

iMi S4T 
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Transfer of fire requires preliiinary adjustment
On datum marks (reper). For transrer of fire to exceed
the accuracy of full preparation, one to two hours before
opening fire for effect each battery should adjust on a
datum mark, from which the transfer of fire to the target
vill be effected. Because as a rule the time for opening
fire against an enemy gun (launcher) will not be known
beforehand, in order to be in a state of constant readi-
ness to open fire, each battery must carry out a °check
of the adjustment on the datum mark approximately every
two hours. Adjustment on a :great number of datum marks
allows the enemy to detect L ?Jour artillery grouping.
For this reasonvend also in view of the absence of sub-
stantial advantages in accuracy over full preparation,
transfer of fire is not advisable when planning the
combat against enemy nuclear weapons.

The method of determining settings based on FOR Dj
(registration piece) data requires a lot or time for
planning and for adjustment on datum marks. Its employ-
ment depende to aeonsiderable degree On the situation.
It does not differ in accuracy from full preparation, if
It is planned on a battalion scale, but 46 inferior to
full preparation when planned on a larger scale. Con-
sequentlyi-this method of determining settings 1$ in-
ferior to full preparation in a number of very important
characteristics, and it is not advisable to use it when
planning the combat against enemy Offensive nuclear weapons.

Full preparation is the main method of determining
settings for tactical and operational-tactical missiles
with a nuclear charge.

Let U8 turn to a more detailed consideration of those
methods of determining settings, which It is advisable to
employ when combating enemy offensive nuclear weapons.
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I Characteristics of the Methods of Determining

Seitinap for Firing Tactical and Operational-Tactical Missiles

Full preparation is the main method of determining
settings for firing tactical and operational-tactical
missiles against enemy offensive nuclear weapons. Full
preparation as a method of determining settings for firing
missiles has been examined in several studies; therefore, we
shall make use of just the conclusions from these studies,
mainly those which analyze the method according to accuracy
and time. Because only missiles with nuclear charget are
used to destroy enemy offensive nucIlliarweaponpand,at-the
same timel one missile is expended as a rule against any
given target, the main characteristics of accuracy of full
preparation are the pre/Able errors of the shot (sredinnaya
oshibka vystrela). Taking into account that nuclear
bursts can be surface 71 and air, the characteristics
of accuracy of full preparation will be the probable
errors of the shot in range ( yrap. or Vd 2), in bearing
(vb 2), and in height (Ea Er. ) cry.

Apart from the errors of the shot, when firing at a
given rsnge, the ratio of the lesser of the probable
errors in range or in bearing of the shot to the greater,
in also, of interest. We shall call the probable error
having the greater value, 111.. Then when Lbe	 lat or

Vb
when Vb2 4( yi 8 Vrd, E

-Yr
when	 < y2	 2, ,

Yk4D
when Vrk< yp	 .

The probable errors of a shot with full preparation
for operational-tactical and tactical missiles taken

with the values of.E.
from studies (13) and (14) are shown in Tables Ii and 54

C77!
Mi■
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Probable Error of Shot with Fal Preparation

for Operational-Tactical Missiles

(Missile 8K11)
	

Table 4

Values of probable errors of shot when firing at
gangil E (km)

Designation	 	

6 100 120 140

•1•111.

160 180

370 450 550 610 690 770 850

Vb
— -1 370 370 370 38001 385 395 400

1•0 0-82 0.70 0-62 0-56 0-51 0-47
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Probable litwaris of Shot with Phil Preps:stain for 31110isetlealglasiles

,
Tames or probable errors of what whoa firing at 2 (kw)

10 1 II 1 111 16 I lid 201 22 I 2% 26 29 30
,

. a) VI= firing with fuse aorisaimi VD(-T

1/9 1511- 1	 : : .
-

0•11

I 161 161

0 •1: O•tis 0

1

rmlieS2147 5003 70	 er
II

• b) tibia firing with rose aewbooisa 3917

• 382 348 .318 29% 278 268:263 26o 263. 267
- 81 97 110 124 139 154 	178 192 216 262
- - 0 •21 0 •20 015 042 0.30 0.57 0.66 014 043 0-503

1030 10 10 10 10	 10 10 10 10
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As experience from a number of exercises has shown,
the time taken to determine fire settings based on MI
preparation is 10 to 20 minutes for operational-tactical
missiles and 10 to 15 minutes for tactical missiles.

By the time the troops master the method Of com-
puting settings proposed by Colonel [ 'name missingj
and Lt. Colonel. [name missingj of the Faculty of
Firing of the Military Artillery Academy, i.e., in
practice this year, the time to determine fire settings
for operational-tactical missiles on the basis of full
preparation will be reduced to 6 to 8 minutes. With
the entry into service of electronic equipment, this time
will be reduced to 3 to 4 minutes. There is reason to
think that this time is the limit of possibility for
operational-tactical missiles. .

With the extsting method of computing, the time
for determining fire settings on the basis of full pre-
paration is 10 to 15 minutes.. It Comprises the time
spent on measuring the parameters of the ballistic wind
within the limits Of the powered (aktivnyy) sector of the.
trajectory, processing the results of these measurements
(7 to 10 minutes), and the time spent On direct computa-
tion of settings (3 to 5 .minutes). If One were to autOmate
the processing of the results of measuring the ballistic
yind within the limits of tLe powered sector of trajectory
and also the computing of the settings, or if one were to
organize the work of the meteorological post so that it
would give data on. the ballistic wind immediately before
receiving the fire task (and such an opportunity will
frequently present itself), then thetime taken to de-
termine the Settings for firing tactical missiles on
the basis of full preparation would be 3-tO 5 minutes.

2. Characteristics Of the Methods of Determining

Settings Employed by Artillery 

The main methods of determining settings employed
by artillery when planning the combat against 'One* offensive
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nuclear weapons are;

.. full preparation;

.- full preparation with corrections from data
obtained by check shots (kontrolnyy vystrel);

-- adjustment directly on target with the Sid of
an aircraft, helicopter, and a 'radar set. -

The majority of these methods of determining settings
have been examined in various scientific-research studies
(NIR), manuals, and instructions Therefore, in.revieving
them we shall touch on only those features that arise in
connection with the issue of new instrumente and the further
development of certain methods.

1. Full Preparation

Full preparation is the basic method of determining
fire cettings, permitting any quantity of artillery to
deliver surprise effective fire for effect Under all cir-
cumstances of a combat situation.

The measures for planning and executing full prepara-
tion require a relatively'sme 1.1 expenditure of forces, weapons,
and time.

The accuracy of full preparation is characterized by
the total probable errors in range Ex...;, and in bearing

XX
E RE shown in Table 6, when the target coordinates are

determined with a probable circular error (krugoyaya oshibka)
of si• 20 m.

An analysis of the dependence or the accuracy Of
full preparation on the accuracy of deterMiting the target
coordinates allows us to conClude that when firing at
range of 12 km and over, an increase tO 50 m of the prOb-
able error in determining the target coordinates dOes not lead •

OPT 



Values of probable errors (a); in range ExER

Artillery
	

(in numerator) and bearing E 	(in denominator)
Systems	

when firing at range D .(km)

8 10 211 26

130 mm gun

152 mm gun

122 ism
howitzer

152 um
howitzer

10

411.

88

1.1.6 111_
•

•

200

66
29

68

35

101 164

104
•

--69

11029

68 83 101

IRON BARK

Table 6

Probable Errors of Full Preparation

—
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to a significant increase in the error* of full prepara-
tion. From this viewpoint, target coordinates determined
with a probable error of up to 50 in will be considered
hereafter as accurate and justifying the use of full
preparation. If, on the other hand, targat coordinates
are determined with an error exceeding 50 m, the use of
full preparation should be considered inadvisable in
practice.

The amount of time for determining fire settings on
the basis of full preparation on a battalion scale, when
target coordinates are knOwn, does not exceed 1 to 1.5 minutes.

Thus, from the viewpoint of providing Constant
readiness of the artillery to open fire, full preparation
is unrivalled among the Methods of determining settings.
Therefore, it is advisable to use it in all eases, and.
especially for the initial tire concentration against an
enemy gun (battery) or launcher. At the same time, be-
cause of the relatively low precision Of full preparation,
it is advisable to continue subsequent fire for effect
after incorporating Corrections determined from data
obtained from check shots (salvos), on which a fix has
been obtained with the aid of speedy and high-.precision
equipment to adjust fire.

2. Full Preparation with Corrections from

Data Obtained by Check Shots.

The essence Of this method of determining settings
for fire for effect consists of:. allotting a . eneck group
of bursts at settings calculated on the bioia. of full:
preparation; determining (viththe aid of equipment for
adjustment of fire) the deviation!' of the e eetqWef the
dock group of bonito frem the target in rlinge and bearing;
ant using the 'results obtained to determine the appropriate
corrections, taking into account the accuracy of fuLl pre-
paration and the accuracy of the methodof determining the
deviations.

skikta 
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To determine the deviations of the center of the
check group of bursts from the target, use is made either
of a radar set or an aircraft.

' In view of the above, depending on the method of
determining deviation, in future we shall refer to full
preparation with corrections frOm data obtained by check
shots respectively as Tull preparation indorporating
'corrections determined with the aid Of a radar Set, and
full preparation incorporating corrections determined with
the aid of an aircraft.

Before we turn to a specific examination of these
methods, let us examine some theoretical premises on
the problem of corrections.

Let us assume that fire for effect is opened against
a target whose coordinates are determined accurately on
the basis of one of the methods of determining settings
Afar example, full preparation), the accuracy of which is
characterized by a probable error E l. At the Same tine,
the elevation (pritsel) and azimuth (Uglomer) settings are
arranged so that the center of dispersion of the shells
coincides with the center of the target. Under such
conditim, it is obvious that the expected deviation from
the tcrget center of the shr.: ,11 grouping llumerically equal
to the amount of expected correction KI will equal zero!

During the fire for effect a cheek group of bursts
• is allotted.

With the aid of means to adjust the fire, the'devia-
tion of the center of the check group of bursts from, the
target is determined with an accuracy characterized by the
probable error E2. It is obvious that in thisaise the
deviation obtained is numerically equal to the correction
52, which should be incorporated in order to continUe fire
for effect.

Thus, we have a Case where the settings for fire
against a target are determined by two methods .. According

-15-
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to one of them fire for effect mutt be continued on the
settings previously calculated, i.e., without incorpora-
ting a correction (K1 . 0), while according to the other
a certain correction K2 is needed.. .

In other words we have two distributions* (raspredeleniye)
corresponding to the two methods of determining the position
of the mean (sredniy) point of the bursts in relation to the
target: the first distribution with the center at a point

m 0 distant from the target, which is.characterized by a
probable error El; the second distribution with the center
at a certain point at a distance E2 from the target which
is characterized by a probable error E2.

The next task consists of combining the distributions
and finding the distance of the center of. the new distribu-
tion from the target and the probable error of this distri-
bution. The distance of the center of the new distribution
from the target will evidently correspond to the amount of
correction (we shall call it optimum, end refer to it as X)
and the probable error of the distribution (Ek) which is
the accuracy of determining this correction.

For the new case the amount of the optimum correction
K, derived at taking into consideration the accuracy values
( yes toehnosti) of the individual measurements (corrections),
will equal:

q2 C7.7 	 (1)

•ql	 q2

* Both these formulations are subject to the normal. law.

tlifT'
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where ql and q2 are the accuracy values of the measure-
ments (corrections) respectively equalling:

q = 1	 and q .4 1
1 TT	 2 7-2-2

Substituting these, values in formula (1), and taking
into account that Kl a 0, we obtain:

'K =  E12 K2
Eld	E22 •

(2)
Taking	 E12

Eld	 E2d

we obtain the final formula for determining the amount
of the optimum correction:

K it x K2	 (3)

Therefore, to determine the optimu7 correction it
is necessary to Mult41; the a73unt of correction,
determined by result: of cEeck 	 by a. certain co-
efficient A =	 (EI E .J.	 •

With the.aid of the graph (Figure 5), based on
the data in Table 7, we shall observe the changes
of coefficient A depending on the changes a./ of
errors El and E2.

-A
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Table 7,

0 O . /	 0 .25 0 . 5 0 . 75 1 • 0 1-5 2-0 3 .0 4 • 0

......

5.0

0 0'01 10 . 05 0 .2 0'35 0'5 0'69 Lig 0'8 09 0'94 0116

It Is apparent from the graph that:

coefficient it may vary between .0 and 0-95, and
therefore for any ratio between Ei and E, the amount of
optimum correction Will always be less than the amount
of deviation of the check group of bursts (the amount of
correction arrived at with the aid of Means to adjust
the fire);

in case of E l : L-71 £2 , i.e., when the accuracy
of the method, on the basis of which fire was opel.ed, and
the accuracy of determining the deviation of the check:.
group of bursts are.equal .to each Other, the amOunt of
optimum correction is numerically equal to bilVtbe
amount of deviation;	 •

-- in proportion as the accuracy of the method
of determining settings for opening fire increases, the
optimum correction becomes a ramallertiproportion of
the amount of deviation;

with decreased accuracy in the method of deter-
mining settings for opening fire, the amount Of- option*
correction increasingly approaches the amount of deviation,
determined with the aid of means to adjuat the tire.

.18-



(INIRONBARK 1

Graph

!Imre 5

# .19-

141111	 ET



sFe T

	 1

fl

The precision of determining optimum correction
is characterized by a probable error, which can be
calculated by the formula:

E
Ek •  	 1 • B2 

\I E12 +E22

when the probable errors El and E, have no common
sources of error, or with the cad of fbrmula: (15.7

(4)

2	 2
1	 1	 .
E .T E

E 2	 1	 2 Ek =
, 12	 12

El E2

(7-\ 	 when the probable errors El and E2 have common•
sources of errOr. In the above formula 	 1. 2E	 E	 E• • 112.
and El w 47 I 41 are probable errors in mepiod.of determin-2	 ?
ing sett ge • for -fire and in the method of determining the
deviation of the check group of bursts Con the basis tj
of common (recurring) errors. for these methods:

En (73 is the probable error which takes into
account only the common sources of error for these methods..

Table 8 was worked out in order to simplify the
. analysis in determining the optimum correction of the
dependence of accuriky on the retie (amOunt DJ of.
errors E

1 
E
2 
(and TJ Eo on the basis of which, the graph.	 ,

(Figure 6) was drawn.

The following can be seen from the graph (Figure 6).

-20-
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The accuracy of optimum correction . 4018 a rule -
and where there are no common errors, is always - higher
than the accuracy of either the method of determining
settings for opening fire or the method of cletermining
the deviation of the check group of bursts.

The most considerable superiority in accuracy of
optimum correction, as compared with the methods enum-
erated above, occurs when the accuracy of the methods-
are either. equal or differ from each other 'up'to
to 2 times.

When there are common sources of error, the lower
the amount of error, (arising fromljeommon sources,
the higher will be the accuracy of OptiMuM cOrrection

When common errors comprise the main proportion
of the errors, then the probable error of optimum .
correction is close to the probable error of the most
accurate method.

When common errors are equal to the probable errer
in either of the methods, the probable error of optimum
correction is equal to the common ekrOr, E2
or El • E 0, then Ek •.E0.

Summing up the question of the accuracy of optimum
correction, the following Conclusion can be drawn:
because of the reelidtically,p001bWratiOt.hetween
the errors in the method of determining settings for
opening fire against a target and the errors in the method
of determining the deviation from the target of the center
of the check group of bursts vary between 0■7'and 3 i . one
may expect a considerable gain in the accuracy of deter.-
mining settings for fire for effectegainsttarget as
a result of introducing opt1onm . cottedipo,-40p00iilly	 •
in cases when CoMMon goatees of errq:areeitber.nonexistent
or small. If common sources Of:ertercoMOrlia-a major
part of the ertorinthemethod .. of determining settings for
opening fire or of the error in the method Of determining.
deviations, then the introduction of optimum correction

ONO
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Ex	 4 (El,	 Eo)
Table 8

'‘•s<14 	 0 , 10 20 30 140 50 60 70 80 90 100

1.0 0.970 0.771 . 0.972 0.975 0.979 0.98? 0.987 0.9?? 0.996 0.999 1.0
1.0 0.710 0.912 0.951 0.963 0.970 0.978 0:986 0.99807 0.998 1.0
1.0

0.*
0. 0.896 . 0.902 0.910 0.922 0.935 0.911 0.967 0.912 0.995 1.0

1.3 0.813 0.835 0.842 0.375 0.871 0.81! 0.916 0.941 0.967 0.989 1.0
- 1.0 0.707 0.111 0.721 0.758 0.762 0.791 0.825 0.86? 0.906 0.911 1.0
1.9 0.689 0.678 0.701 0.715 0.82? 0.9 -
I.?
I..,	 .

0.6t/
0.574 .0.577

0.640
.

.
0.607

0.682 '	 .,
0.617

0.745
0.7

0.8
-

-
-

1.6 0.53.3 0.529 0.567 0.6 . -
1.5
1.4
1.3

0.447
0.371
0.217

0.451

0.290a

0.461
0.383al.

0.476

0.3
0.491
0.4
.

0.5
_

-
.
.

?.2[IJ 0.117 0.2 - - -
1.1 0.099 0.1 '". .

(
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does not give any considerable advantage in accuracy.

The question of optimum correction has been explained
in general terms. When considering in specific cases the
question of the amount and accuracy of optimum correction,
it is essential to

▪ compute probable errors in rangeE v and bearing
Etl for the method of determining settings Bit the basis
of which fire is opened, as well as probable errors in
determining the deviations from the target 'of the center
of the check group of bursts E in range and Ei, in
bearing relative to the method if determining deflations;

.— determine the probable values of the common errors
in range Exo and beiring . E, ;

-- according to formula (2) or the graph (Figurt5)
work out the coefficients A x and A z , which'determiaathe
amount of optimum correction in range glc and tearing

-- according to formula (4) or ( r or the &mph
(Figure 6) find tht- elmracteriatics k: the accuracy of
determining optimum correction in range E and bearing
E	 •	

vtc.
zie

- - work out the appropriate practical re%ommendations.

The accuracy of determining corrections it not a
complete analysis (kbarakteristika) . of the acCuJaey Of
the method under review to'determine 	 f fire for
effect. To obtain a complete analysis of the .i.j4uracy.,of
the method, itis necessary to take into accOLre.t, 04er - and.
above the errors in determining corrections, the errors
range and bearing due to calibration error ;ramnOboy) of
the battery guns, which are not. fully44E016W In
the process of determining the devlatiOns.of.thithick
group of bursts from the target and lead. to the ltnrering
of effectiveness of fi?e, and also take into socountAhe
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result of not making allowance (neUchet) for the changeability
of meteorological conditions during the course of fire for
effect.

• •••	 •

•Thus, the total of probable errors in range E x and
bearing E, in the method under reviews ofdetermining set-
tings.for fire for effect will equal:

E NiE + E .9r Exx
?

xp	 et

?	 ?
Ea = \fE„-f- Et Al- Ea

p	 st

E	 and E
z
 are probable errori due to variation in

xn

pefformancePof battery gund in range and bearing.;
Ex and Ez

St are probable errors in range and bearingST.

due to not 'filling into account the changeability of
meteorological conditions over a period of time.

Probable errors due to calibration error of the
battery guns, where these are not eliminated during the
process of adjustment of fire, May be calculated as
follows:

.E3c2 = 4E. 8

• 

. Ext... and Ez -

• 

Ez	 (7)
P.

2	 .

where Ex	 is the probable adjUsteeht (aostrel) error
SOS

of betternuns in range which is taken to equal 0.75; Vd;

EXE and Es are probable.errors,ip range and bearing
.	 .

due to errors in the sighting 'Imeebaniftm 6ritselnoye
prisposobleniye) (taken to be Ex

El." 
2 1A3c, Es

E. 
0.055$

• 

(6)

•

StIZEZT 
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SET

Probable errors in range and bearing due to not
taking into account the changeability (out-of-datenees)
of basic meteorological factors (ballistic wind and
temperature) during the period tit (in hours), repre-
sent ing one-half of the mean duration of fire for
effect, can be found from the expressions:

Ex t 
_ N/(O.3070410( )? (0.5 irt-. x 0.14x )

s

Ea t - o .3)r,r1 t."	 o	 s?
s

Where thp 4 al , 434 are tabular (tablichnyy) deviations
in range x and bearing z, Caused by the ballistic wind and
temperature.

Taking the mean duration Of fire for effect to be.
equal to one hour, we shall get a value for iit equal to
0.5.

Let us now pass to a practical examination of the
methods proposed to determine settings for fire for
effect.

Full Preparation with the Introduction of Corrections 

.Determined with the Aid of a Radar Set.:

Whemusing this method, fire for effect against A
target is opened on the basis of full preparation. In
the process Of firing, a check group of bursts is arranged.
With the help of a radar set, the deviations of the center
of the check group of bursts ft-Oaths target PI ;low and
bearing are determined. Oa the basis of the devistiOns:ob*
.tained, the appropriate CorrectiOne are determined end intro-
duced, taking into account the Accuracy of full.
and the accuracy Of the method of deteridning the deviations,
and fire for effect is cOntinued. 	

-26-
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TO determine the deviations of the center of the
check group of burets, use is made of an ARSOWtype
radarsetwhen towitzerearefiring, and of an "Utes":
("Saturn") radar set when the firing is being done by
guns.

It is known that adjustment of fire on. the target
with the help of a radar set can be done both by the
basic gun of a battery as well as by battery salvos.
In istudy (16.7 it has been proved that the accuracy Of
adjustment of fire by firing salvos is approximately
the same as that when adjustment of fire is•done by
means of one gun of a battery and, in practice, does
not depend much on the Cane word missing:1 of salvos.
Taking this into account, as well as the necessity of
carrying out adjustment of fire in the Shortest possible
time under conditions when one radar set is assisting
the fire of several batteries, it is better to determine
the optimum correction from one battery salvo.

Determination with the help of a radar set of the
deviations of the center of the check group of bursts:
(salvo) from the target, the coordinates c .f which have
been found from an aerial photograph, it accompanied by:

..-.errors in determining the mean point (center) of
the check group of bursts; 	 •

-- errors in determining the deviations of the
center of the check group of Writs from. the target;

errors in determining the target coordinates,

.- errors in determining theeoordinates Of the
radar set's position;

errors in the orientation (or4rentirovaniye) 0f the
radar set;

-■ errors in determining the height Of the target
over that of the radar set's position; 	 •

-27-
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+ errors in using graphs (graficheskaya robots).

Errors in determining the mean point (center) of
the check group of bursts depend on the variation in per-
formance of the guns of a battery, the number of shells
in a salvo (Ile), and dispersion. The probable errors
in determining the center of the check group of bursts
In 'range E„ and bearing Ex are obtained from the7151
expressions:

V 2	 2 ,E	 •
xtesi

4 E2 #vb2
EzIll 2 --litir--—	 (9)

The accuracy in determining the deviations of the
center of the check group of burits from the target, in
the absence of errors In determining the target's position
and the position of the. radar set, as well as of errors
in calculating other factors bearing on the accuracy of
determining deviations, is characterised by4'probable -
error in range Ex , and in bearing E • When the:devia-

,	 A	 •

tions are determined from one check salvo, the probable
errors, regardless of the range of ft:re, ere taken ass

(a) . for an ARSOKrader set:: Ex , t15114 Ez	 4 mils

rel.

(b) for an "Utes" radar set: : Xi._ 60m4: :	. 1.5 mile.g	 it

The accuracy of determining the oOordinOtes Of a .
target from an air photograph is characterised by a probable
circular error t ts 8.20m. it

• -28-
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• As the mean characteristic of the accuracy in
determining the coordinates of the radar's position,

•we shall take the probable circular error radius j.
15 m.

The probable error in orientation of the radar set
can be taken as equal to Ez or lull.

The error in determining the height of the target
over that of the radar set's position leads to an error
in range which is characterized by a probable' error equal
to Ex4kh . 3.6 etc e.

•

The probable error in using graphs IS taken tole
equal to egr_ • 10 m.

Errors in determining the coordinates of the target,
the coordinates of the radar set's position', the target's
height over that of the radar set's position, and the
errors in using graphs will cause a further error in
determining the deviation of the center of the check group
of bursts from the target in range. In addition, the .
errors in determining the target's coordinates, the co-
ordinates of the radar set's poritioni and in using.' 	 .
graphs, as well as errors in the orientation Of the radar:
set will cause a further. error in determining the deviation
or the Center of the check group of bursts from the target
in bearing.

The total probable errors in determining the deviation
of the center of the cheek group of burste from the target
in range EL and in bearing Ez. are 'calculated from the.

rs	 TS

formulas:

-29-
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The values of the total probable errors,'ealculated
from formula (10) when a six-gun battery is firing at
various ranges, are given in Table 9.

-	 An analysis of the sources of these errors, which •
accompany full preparation, and thd deteriination of
deviations 3e the center of the check group of bursts
from the target with the aid of a radar set, anew that
under conditions when the firing positions of batteries
and the position of the radar set are tied in independ-
ently, the main (T,Z errors of fUll'preparatiOn and in
determining the dev tiona are errors in determining the-
coordinates of the target and errors in range, arising from
error in determining the height of the target. The prob-
able errors in range and in bearing, caused by general
sources of error, are determined from the formulas:

2	 A	 •	 .14
Ex2 • -	 1.• (3 ctirs)2 	 and . Ez .	 fits

ts	 9

When there are errors arising from general sources,
the probable errors in determining the optimum corrections
in range Exmend in bearing E zkre must be calculated

from formulas similar to formula (5).

Having the probable errors of full„preparetion
and the probable errors in diterminirit,the deviations of
the center of the cheek group of berets from the target.
with the aid of a radar setsas in the graph (Figure 5),.
we shall determine the values of coefficients 4,, 	 and,

. •	 'LEE .
4	 which are used to determine the optimum corrections

for range and bearing respectively. The' values Of these
coefficients for various conditions are girth in Table 10.

•	 Prom Table 10 it is evident that the magnitude of the
optimum correction represents on an iverage:-
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Values of the probable errors (m) in range
Ezra (in numerator) and: in hearing Ezra (in

.deliBainator) when firing at range D

66
"sr.

67

8

Art.
system

Radar Set

ARSCH 122 mm
how.

152 mm
how;

Meit:Irnsi)
	

3.30 KT
gun

152 =I

gun

10	 16 26 24 26

••

• 51 55.
,12

4U 1 40

2 AM,

• 4

48

48 1

n.

Table 9,

Probable Errors in Determinin with the Aid of a

Baaar Bet, the Deviation of a Check Group of Bursts from the 

Target) the Coordinates of Which Have Been Determined from

An Air Photograph

-31-
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abOut three—fourths of the magnitude of the de-

viation in range of the center ofthe check group of
bursts from the target for all guns;

.... about one-half of the Magnitude of the deviation.
in bearing of the center of the check group of bursts
from the target for guns, and about one-third for howitzers.

So, we have examined the determination of optimum •
corrections under conditions when the coordinates of the
target are determined by means of one of the most widely
used methods - from An air photograph (15, . 20 m) - and -
have found the probable errors which	 4 Characterize.
the accuracy of determining•hese optimum corrections;
these errors, as is evident from a comparison of Tables 9
and 11, are considerably (up to 1.5 times) less than the
probable errors of the method of determining deviations.

Another possible way of using the method under review
(of determining settings) in the case when the coordinates
of the target are determined with the aid of 'a radar set and
the determination of the deviations of the tinter Of,the check
group of bursts from the target is done with ths'aid of
the same radar set. Under the same firing conditions,
let us calculate the magnitude and accuracy of the optimum
corrections for this case too.

Determinationowith the aid of a radar set„of the
deviations from the target of the center of the check
group of bursts, the coordinates of which have been di-.
termined by the same radar set, is accompanied by the
Same errors as in the first case, with the except ion of
errors in determining the radar set's poiitiMrivid'eriore
in orientation,. which in the present caesdo,not affect the
accuracy of determining the deviations, as Will et eirora
in determining the target coordinates, which are accepted
as being equal to Gil a 20 m for an ARSON radar.set aid

% ts a 45 at for an "Utes" radar. set. •
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Ztibie 10 
,Values of Coefficleasity 	 and //t, When Firing Against a Target-rs , 	g.rs
the CoOrdinates of Which Huve Beeen Determined from an Air Photoimph

Art.
system

A	 . re, when firing at range D (kin)
.......

,

4 y rs , when firine at range D (km)

8	 I	 10 1 1.2	 16	 20 2	 26
1

8	 110 16 20 24 , 26

130 mm 0.48 0.63'..0.74.0.82 0.	 0.82 0.47i 0.50 0.56 .0.59 0.64 68
gun

1	 „
I
i

•
15

el`m-
0.50

1

	-	 0.66 0..74 0.80
1	

...	 4

.
6 

.4)
I

I.	 : .

0.52. 0.5510.7

•	 1

-

122 run
how.

o.66 1. 0.77 1 0.8o

- 1
	

-I
t

1
-

•
- :0.32 o.314.!+2

1	 .
-.	 1	 - ,

•
.

152 mm 0.69 1 0.750.80i	 -	 1 -. -	 - 10.33!0.336.38	 -	 •	 . - -
how. 1•	 1. 1	 ,

.
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From formulas like (5), we have calculated the probable
errors in determining the optimum correction for range Exkre'
and bearing; Ezkra the values of which are given in
Table 11.

Values of probable errors (m) in range ISkral.(in
numerator) and in bearing 

Eftra, 
-(in denoilliator)

when firing at range D (km)

Art.
system

1 2 3 4 5	 6

130 mm 49 56 6or?)	 7
gu:: . !Z. 7215 3T3	 i T

122 mm 149 66

un[310

2 mm 40 44 48
how V N

10 16 120 211.	 26

-7

1 

68 (7 71: {71
Z7 E7

52 mm 141

how.
/11446
32	 37 1

'Able 11

Probable Errors in Determining Optimum COrrections Exirs

When Firing Against a Target the Coordinates ofand Eykrs .

Which AEVe Been Determined from an Air PhotOgraph

SE
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Tilt total probable errors in determining the de-
viation from the target of the check group of bursts,
the coordinates of the target having been determined
by the same radar set, are calculated from the formulas:

\If .E.tr2.0-Vd2 E
ts

2 4. z2	 E 2 .00

(11)

As in the case when the coordinates of the target -
are determined from an air photograph, we have Calculated
the coefficients /Lxro l and AL ZrEo. which determine the
magnitude of the optilium correEtion for range and bearing
respectively, as well as the probable errors in determining .
the optimum correction for range Ex k., and for heart:4E1ars
the values of which are given in TaTiFs 13 and 14.

As can be seen, the values of the coefficients/:,given
in Table 13: vary little in practice from the coefficients •

' given in Table 10. Consequently, the optimum corrections
will be the same as in the ease when the coordinates of the
target are determined from an air photograph.

From Table 14, it is evident that the probable errors
in the optimum corrections remain the same as in the
case where the coordinates . of the target are determined
from an air photograph when howitzers are. firing, but exceed
them considerably when guns are firing. The explanation	 •
of this lies in the comparatively big error in determining
the coordinates of a target with the aid of an "Utes"
("Saturn") radar set.

In Table 15 are given the total probable errors in
range Ex„ .rs and in bearing 4,22.rs which characterize the

=MN/

accuracy of the method under consideration of determining
settings for fire for effect; they hake been calculated by
using a formula like (6).

SM.

•

E.
lrs, , 

\if E z15 	 E
yl 8 V Zi .4 2 t 8 + 2E



Values of probable errors (m) in range 14c re'
(in numerator) and in bearing E zrs , (in denom-

inator) when firing at range B	 (km)

8 12	 1610

46

MIR

24 2620

so
33

•82
33

88

• •

MD

nUtee
('Sa.turn")

•

ARM

130 mm	 17

gun

152 mm

Son.•

122 mm	 44
how

152 mm	 44
how.	 "T§

.Type of
	

Art.
Radar Set
	

system
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The values of these probable errors are given in Table 12.

Table 12 

Probable Errors in Determinihg, with the Aid of a Radar Set, the 

Deviation of a Check Group of Bursts from . the •Target, the Coordinates Of 

-Which HaVe Been Determined by the Same Radar Set



• C .3/651, 392

Table.13,
s Ibiluez. of Ccefficients „	 and it reTat	 9 

When Firing Against a Target .	 - '" 

the Coordinates of Which Have Been Determined by a Hadar Set 

•	 Art.
syvtem

?Iv	 when firinf for range D (km)..r. !I.1.41
A i 	when firing for range D (14

re!
10 12 16 20 24 26. 6 10 12 16 20 24	 26

N 130 mm
gun

152 mm
ipall

12,:	 .1
hor;

152 mm
how

'	 .';

:/.51

.-..L

0.71

(:.76

0.77

0.(a

0..1.,3

o.61

0.821

0.71

...'.71.

-

-

0.79

0.78

•

0.83 0.86 0.52

0.2

:.y.

0.37

0.38

0.37

0.54 10.57

0.5d0 .57

o.44

0.41

0.60

0.68

0.6-

-

.9
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Table 14

Probable Errors in Determining Optimum Corrections Ex kral

When Firing Against a Target, the Coordinates,
and Ftkra,
of Which Rave Been Determined by a Radar Set,

,
Art.
system

.
'

Value:, of probable errors (m) in range Ex
numerator) and in bearing Ex kr8 ,-(in. denom
when firing at	 range D (km)

, (in
ator)

8
-

10 12 16 20 214
26 •

■

130 mm 61
,

68 .72_ 22. 4 80

gun 47-T 415 50 52 5t) r
152 mm 63 72 77 82 - -

gun 47 Ve;

122 ram
how

1:9_
27

42
.31

46

39

- -	 . -	 ,

152 mm

how
a
27

41

31
44

37
- - - -

.
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16	 20	 24 26

•

88

Alva• 1••■••■

4

•

•

•

•
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Table 25 

Probable Errors of Full Preparation 'with the Introduction of

Corrections Determined with the Ltd of a Radar

Method of deter- Art.
mining the coor- system
dinttes

Values of probable errors (m) in range Exirre
(in numerator) and in bearing Dcwrs (in de-
nominator) when firing at range D Tim)

8 10 12

air photograph

(.—.\4 11 20m)

3.30 am
gun

152 am
gun

80

3-6

122 mm
how.

60
Ts

71
41:

152 emit
how i!st 3'5

with the aid of
a radar settte =

130 mm

sun 4
20m for ABBOCEnd
zu • 4551 for 152 cm

SIM 4
"Ines"

122 mm
how

152 am
how.	 .
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To sum up, we shall formulate the following practical

recommendations for the planning and employment of full
preparation with the introduction of correctionsvde-
termined with the aid of a radar set, when firing against
the enemy's offensive nuclear weapons.

To support,.ite firereach battalion must have a
.radar set (organic or attached) of the appropriate type.
The radar set's position is selected in such a way that
it should be possible to use the radar set to support
the fire of not less than two batteries of the battalion.

With a view to reducing the time spent on fire plan-
ning after receiving the fire task, the battalion commanding
officer must draw up plans in advance for Coordination and
communications between the radar set and the firing posi-
tions of batteries, as well as with battalion headquarters.

Fire for effect is opened against the target on the
basis of fUll preparation. During the fire concentration
(ognevoy nalet), each of the batteries engaged in firing
fires one check salvo, in turn.*

As a rule the data necessary for fixing (zasechka) the
salvo of each battery (distance of the radar set frOm'the

• firing position, height of the target above the firing
position, map bearing angle ttopoexificheskiy direktsionnyy

• ugol), and range to the target) are determined at battalion
headquarters at the same time as it determines the settings
for fire for effect against the target, and they are:
passed to the commanding officer of the radar set.

The commamling officer of the radareet'repprts to
battalion headquarter. when the radar is ready tellx the
salvo of the first (next in turn) battery. Saving
received the report that the radar set is readythe bat-
talion chief of staff gives the order to the firing poet-
tion to prepare the salvo. When the senior officer Of
the battery, reports that be is : ready, the battalion
chiefiof staff gives the order "Fire," which is received
at the firing position and at the radar set. The report

* If the first salvo was not fixedra repeat salvo is fired.
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that the battery has fired is passed from the firing
position simultaneously to the radar set and to bat-
talion headquarters.

After fixing the check group of bursts, the command-
ing officer of the radar set reports to battalion head-
quarters the deviations from the target of the center of
the check group of bursts and prepares the radar for
checking the next battery to fire.

The battalion chief of staff determines the correc-
tions an the basis of the reported deviations.

The range correction is accepted as equal to three-
fourths of the magnitude of the range deviation . with the
opposite sense (obratnyy mak), and the.bearing.torrection
as one-half the magnitude of the bearing deviation for
guns and One-third for howitzers with the Sense ' opposite
to the deviation sense. After determining theMorrec-
tions, the chief of staff gives the necessary order'to
the battery firing position and starta to carry out the
,beck of the next battery to fire.

When firing is planned efficiently,- not more than 5
minutes per battery are require! t6-condUct . the check,
and under conditions when severallaatteries are brought
in to fire against the target, this makes it possible in
practice to combine the check with fire for effect.

Full Preparation with the Introduction of Corrections 

Determined with the Aid ofan.Aircraft 

The technicalequipmentof:spetter,Orcrafi-whichle
being developed ensures rapid and accurate determination
oftbetergetcoordinatesandcf the deviationsof . the bursts
from the target both directly In the aircraft an on a
screen by the transmission of a television image.' The
.accuracy of determining the target Coordinates and of the
deviations of the bursts from the targets with th.vheAp of
an aircraft in the given conditions, is aaraCterized by a
probable circular error of the 'order of:Tos. 30.to.40 st,

•
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which allows the use of full preparatlon and also makes •
it possible when correcting fire on a target to introduce
a correction from only one group of bursts., This fully
justifies the employment of such a method of determining'
settings as full preparation with the introduction of
corrections determined with the aid of an aircraft.

By this method, fire for effect is opened against
the target' on the basis of full preparation. During the
tiring for effect (as .a rule at the beginning) each of
the batteries engaged in firing fires a check salve..' With
the aid of an aircraft, the deviations of the Center Of each
check group of bursts from the target in range and bearing
are determined; from the deviations, the appropriate
corrections are determined, taking into acCount the accuracy
of full preparation. After introducing the corrections,
fire for effect is continued.

It is most advisable to use this method when firing
for effect against a target, the coordinates of which have
been determined with the aid of an aircraft, When the
same aircraft is employed to determine the deviations of
the center of the check group (groups) of.bursts. -; If the
coordinates of the target are determined by some Other
methpd, or if sott other . uireraft is used to carry out the
checkr then time will be needed to call up the aircraft, for
the latter to find the tp	ete., as a result of which
the Probability of destrr-ing the target becomes much less
and the fire for effect against the target will, require
a very large expenditure of shells.

Determination of the deviations of the 'center of
the check group of bursts fie= the target with the
aid of an aircraft is accompanied by:

■- errors in determAning the mean *Ant of the
check group of burstepseerore whith depend on variation
in performance of battery gnns, on the number of shells
in the salvo (As), and dispersion, which are character-
ized bye probable errors calculated by the formulas (9);
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■- errors inlietermining the deviations of the
center of the check group of bursts' from the target,
which, for most of the existing methods,•are character.
ieed by a probable circular error ti' 30 m.

Errors in determining the coordinates of the targets
and other errors which occur when deviations are deter-
mined with the help of a radar sets Sri this case *veto.
bearing on the accuracy of determining the. deviation
bucause the deviations are measured in relation to an
observed target.

The total probable errors in determining with the
aid of an aircraft the deviation ofthe'denter Of the
check group of bursts from the target - in range E -
and in bearing, 	 .- are obtained by the formulas: -=

The magnitudes of Este and Eys calculated in accord-
ance with formulas (12) — are — given in Table 16.

Having the probable errors of full preparation,
calculated for the case when Tots m 3504 and the Prob-

able errors in determining the deviations of the center
of the check group of bursts from the' target with the
aid of an aircraft, we shall obtain from the graph (Figure 5)
the values of ociefficients4sie andAss, which are.used

to detetIllie thChOreCttOOSJOr:range end toot* resin-
Theivalne040 ikeie coefficients ore Oven in.

.Table 17.-	 .
.	 . ,	 .	 .

• From'Teble 17 it ii . elaar:that liegsdeniagOa.the
range of fire, the -.Values of the eoeffieitentia0islary

' 
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Table 18

Probable Errors in Determining with the Aid of an Aircraft the

Deviations from the Target of the Check Group of Bursts

Art.
system

Values of probable errors (m) in range
ator) ,anf in bearing Ere (in denosinator-Fwben
range D km)

Ls. (in unser-
firing at

8 22 16 20 24

•	 130
gun

33 35 # 40
Tr

_ill

n
46
Tr

152 mm 44 48
1 a - -

gun .55 N ,

.

3-1.

.- :
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when firing at range (km)

20	 24 i 26 

1	

12 1 3.6 ; 20

z when firing at range (km)

t	 i -
,
t.	 1	 .	 .

0.94 0.95 1 0.95 ' 0.64 0.69 i 0.75! 0.80 0.85
■	 3	 .1	 i,	 ,
'	 ! 0.65 0.69 ! 0.75 1. 0.85 1 -

1	 1
1	 ,

0. 90

1

3.30 mm
gun[?)

152 mm
gun (!J

24	 26

0.7?

Art.
system

0.82

0.84

12 

a 
16

°
0 88 0.92

e

0.85 ; 0.09

"M S6E1 

Values of Coefficients A 3b and
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130 ma
gun

152 win

gun

8

Valuewof.probable errors. (m) in range Exks
(in numerator) and in bearing Ez ks (in --
denom tor) when firina at rangUla (km)

1

20 2624 

Art.
system

111. *RET
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al,.	 v01
1

••••• 44A, •
• • ...v• -• • • -0

;1::••••• • .

•

between 0.80 and 0.95, i.e., differ little from one.

.	 Consequently, ..41 practice the magnitude of the optimum
cCrrection in range will differ little from the deviation
from the target in range of the center of the control group
of bursts, which has been determined with the aid of an
aircraft. The values of the coefficients7txx, and coneequent-
ly the magnitude of the optimum correction in -hearing, Will
be on an avera re three-fourths of the magn!tude.of the devi-
ation in bearing.

An analysis of the errors of full preparation and the
errors in determining the deviations of the center of the
check group of bursts from the target with the aid of an
aircraft shows that among these errori there are no common
errors; consequently, it is necessary to calculate the
probable errors in determining the optimum corrections for
range Ev_ and for bearing 

Ezks 
by using formula; similar to

-ts
fc,rmula . (4).

te macaitude of Exkiv and Exits aregiven in Table 18.

Table 18 

Probable Errors in Determining the Optimum Corrections Ens

anl Ek
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From, a comparison of the data in Tables 16 and 18
it can be'concluden that the accuracy of optimum correction
is only slightly superior to the accuracy of determining
the deviation from the target of the check group of bursts
with the aid of an aircraft. The explanation of ;his. lies
in the substantial difference between errors or full pre-
'paration and errors in determining deviations. A further
decrease in the accuracy of full preparation will likewise
not lead to any substantial decrease in the accuracy of
optimum corrections.

The total probable errors of the method under re-
view of determining settings for fire for effect - in
range	 and.in bearing Ez	 - calculated by Using

formula 16)i are given in Table 19.

Table 19

Probable Errors of Full Preparation with the Introduction 

of Corrections Determined with the Aid of an Aircraft 

_

Art.
system

.

Values of average errors (m) , in rangs:Exim.8
(in numerator) and in direction Ezip.0 Itii de-
nominator) when firing at range D -

	
• (km)

8 12 • 16 20 24	 ' . 26

130 scs 41 III
gun 25 27

152 mm 3....6 66 7.§.
gun 25 17.

29
.

Prom comparison of the data in Tables 15Auld . 19 it is
clear that this method of determining settingi for fire for

'effect is considerably superior in accuracy to full preparation

I
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with the introduction of corrections determined with the
help of a radar set.

To sum up, we shall make the following practical
recommendations for using the method under consideration
to determine settings for fire for effect.

Fire for effect is opened against the target an the
basis of full preparation.

During the fire concentration, each of the batteries
employed in firing fires one cheek salvo in turn.* With
the aid. of an aircraft, the deviations of each check group
of bursts from the target in range and bearing are determined,
the necessary corrections are introduced, and fire for effect
is continued under the most advantageous method of shelling
the target.

The correction for range is accepted as equal to
the deviation from the target in range of the center of the
check. group of bursts, taken With the opposite sense; the
correction for bearing is accepted as equal to three-fourths
of the magnitude of the deviation in bearing, taken with the
sense opposite to the deviation sense.

The planning of fire and cooperation with an aircraft
when using this method to determine settings for fire for
effect does not differ in any way from adjustment on a tar-
get ith un aircraft; this is aescribed in detail in the
manual and is, therefore, not examined here.

When coordination between a battalion and an aircraft in
the area of the concentration is planned in advance and ii
carried out efficiently, up to 5 minutes will be needed to
determine the corrections for one battery. A further:517U
to 10 minutes will be required to determine the corrections
for the remaining batteries of the battalion ptO140104:thit_
the check salvos of batteries follow-one'anotherTat:a rate
which ensures the determination of the deviations duringihs
time of a single flight

* If necessary, a repeat salvo is fired:
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3. Direct Adjustment on a Target

.	 Direct adjustment on an enemy gun (launcher) or
battery can be carried out with the help of an aircraft,
helicopter, and a radar set.

The determination of settings for fire for effect
against a target on the basis of data obtained in ad-
justment is one of the most accurate methods. In the
case of this method, little importance is attached to
knowledge of the exact coordinates of the firing paid-
tion and to strict calculation Of the meteorological and
ballistic conditions for firing because inaccuracies in
the fire preparations are eliminated by adjustment; more-
over, when adjusting on a target • observed !tali an aircraft
(helicopter), knowledge of the exact Coordinates of the
target is of little importance. AS a rule, adjustment on
a target with the aid of an aircraft Or a radar set is
limited to one salvaper battery, which does not lead to
any substantial loss in accuracy, but allows the time
spent in adjusting to be reduced to the minimum.

Adjustment calls for efficient planning of coordi.
nation between the batteries and the means for fire.cor-
rection. These distinguishing characteristics Of the
method under consideration to determine settings for
fire for effect in the main predetermine the condi-
tions for using it.

Thus, *lc a rule, it is advisable to determine
settings for fire for effect on the basiS of data
obtained in adjusting when firing against targets that
have been reconnoitered with the aid of meana.which:
have been brought in to ensureCorrectionof fire in
circumstances when for some reason Or other firing'con-
ditions Cannot be accurately Calculated.

The accuracy of determining tettinge for fire for
effect on the basis of date. obtained in adjustment depends
on the accuracy of the adjusting, the duration of fire for
effect, and the accuracy in Calculating the variation in
performance of the guile. •
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The probable errors in range and bearing, which
characterise the accuracy of the method of.determining
settings for fire for effect on the basis of data ob.
.tained in adjusting against the target are 'Calculated by
: using a formula similar to formula (6).

The accuracy of adjustment depende mainly on the
method of adjustment and is characterised by the probable
adjustment errors Ex in range and.Ez in bearing. •In

adjusting with the aid of a radar set, When it is limited
`to arranging one check salvo per battery, the probable
errors in adjusting for the battery ate calculated from for-
mulas (11) and are given in Table 12.

The probable errors in adjusting by batteries on a
target with the aid of an aircraft for the Case when •
adjustment is limited to arranging one check salvo per -
battery are calculated according to formulas (12) an&are
given in Table 16. The accuracy of adjustment on a. target
by batteries with the aid of a:helicopter, by Observation
of the (one word missingl of bursts is charaCterixed by
probable errors of the order of 1.1 (1!j in range and 0.03'c?..7. in bearing.

The planning of and procedure for carrying out adjust-
ment by the different methods are to be found in the ap-
propriate manual and so these questions are not examined in
this paper.

The probable errors in determining settings for fire
for effect by batteries on the basis of data obtained by
adjustment on the target calculated with, the tame values for
errors caused by the changes with time 	 MeteOrolOgical ems
ditions rig and errors in calculating thevariation,in Per-
formance of the battery guns as for the preceding Methods Of
determining settings, are given in Table 20.

The time required to carry out adjustment an a target
with the aid of an aircraft or a radar set Ifni not differ in
practice from the time which is spent on full preparation with
the introduction of corrections with the aid of an aircraft or
a radar set respectively.

-50-
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Tab/e 23

Probable Errors inDeterimning Settings for Fire for Effect 

on ttx Basis of Data Obtained in Adjustment against a Target vitn the

Aid of a Helicopter, an Aircraft, and ' a Radar Set 

tasthoqr ,
— or
Adjustment

1

Art.
system

Values of probable errors () in range Ex (in numerator
and in bearing Eo (in denominator) when firing at range
D (km)	 .

. 12 24	 ' 26
-..•

, 122m
how

4015 y ii . -
- .i.5a mea

how
34 V . •	 ..,

Helicopter
130w . 48 - -
gun 25

. 37

152 am
gun

30 - ;4: 102
lzr

-
.

130 mm 1201.7 - kB 62
Aircraft ' gull

152 ma
gun

31

68

.	 ,

 33.
-

._	 .. . • • . •
• 122 am 51	 61. a - .

.how,

42 en

w

2.6_

54

62 - . -
.1me. 39	 47 54.

Radar get

.	 . 130 UV
dun

-863	 .
VT

_..

"50' .

_ .	 ...

WI

I

a 4
152 3ini -	 . 0 104 1	 .16 . - -

j	 .gun
.... '3F 37
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The time needed for adjustment on a target with the
aid of a helicopter is of the order oe 20 minutes for a
battery and 30 minutes fora battalion.

4. Comparative Evaluation of the Accuracy of the

Various Methods of Determining Settings

for Fire for Effect

Under conditions when it is possible to use several
methods of determining settings for fire for effect, the
problem arises of selecting the most accurate method which
will allow the fire task to be Carried out with the minimum
Dj.expenditure of ammunition. With this In view, let us
make a comparative evaluation of-the . accuracy of. the various
methods of determining settings for fire . for effect.

The accuracy of the different methods'Of determining
settings for fire for. effect is characterized by probable
errors in range Ex and in bearing E. The drawing up of a
comparative evaluation of the accuracy of methods when use
is made of two methods L ?I has proved a failure Di: and
consequent4, as a rule, use is made of the given pro_ ble
erP. r. rc D_1. The (one word missim0 Ex Ey are included
in the formula for-determininc the . espenditure norm or shells
and in this way become a comparative evaluation Which . charac-
terizes the accuracy Of the method (v.	 • .

of Ex Ey depending on the'range when firing With up
The graphs (Figures 7:and 8) show the variations

mm guns and 122 (tJ mm howitzers. The repults (ii Ob-
tained for these systems will; be (two words missiflgj for
152 DI mm guns and 152 CUM howitzers cu.
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(Heading probably reads:
Comparative Accuracy of Methods of
Determining Settings for a .3O (t) mm gimJ
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Coaparative Accuracy of Methods of

Determining Settings for a 122 mm Howitzer
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From the graphs, the following is -evident.

1. When firing guns, the most accurate method
of determining settings for fire for effect
is full preparation with the introduction of
corrections determined with the mid of an
aircraft. Then, in Order , Of decreasing ac-.
curacy, come adjustment with the aid Of an
aircraft, full preparation with the intro-
duction of corrections determined with the
aid of a radar set, and adjustment With the
aid Of a radar set. In accuracy, adjustment
with the aid of a helicopter at ranges up to
20 km occupies an intermediate position.

2. When firing howitzers,' the best metuod as far
aa accuracy is concerned of determining settings
for fire -for effect is adjustment with the aid
of a helicopter. Then come full preparation
with the introduction of corrections determined
with the aid of a radar set and adjustment with
the aid of a radar set.

Chatter Conclusions 

1. The main r_ethod or determining settings for fir-
ing with operatitInal-tactical.and tactical mis-
siles against the enemy's offensive nuclear
weapons is full preparation.'

The characteristics of the accuracy Of.
full 'preparation for operational-tactical and:
tactical missiles are given - in Tables 4 and 5.

The time needed to determine imttloge for
firing on 	 tosis'Of rull:preperetion can be
reduced in the near.fmture to .6 to 8 minutes for
operational-tactic -al MleSiles:and 2. to 5 minutes
for tactical Missiles:,

iillillbSEC

z
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2. The main methods of determining settings for
artillery fire against the enemy i.s offensive
nuclear weapons are: full preparation with
the introduction of corrections with the aid
of a radar set or aircraft, and direct ad-
justment on the target with the aid of a
radar set, aircraft', and helicopter. The
characteristics of the accuracy of these
Methods of determining settings are given. in
Tables 15, 19 and 20.

Artillery is capable of opening effective
fire against a target in 2 .63 3'minutes After
receiving the fire task. When firing in ef-
ficiently planned, the time needed to determine
corrections On the basis of check shots is of
the order of 5 minutes.	 .

. When coordination between a battery (bat-
talion).and the means assisting, in the correction
of fire is planned in advance and efficiently
carried out, the time peeled to determine set-
tines for fire for effeCt on the basis- Of . cor-
rection of fire data (from	 Mbmefit tuat the
fire task is received to the openine of fire for
effect) will be: 5 minutes for correction . of
fire with the aid of a radar set, of the.'order
of 10 minutes for correction Of fire with the
aid of an aircraft, and of the order of 20 minutes
for correction of tire with the aid of a heli-
copter, provided that the aircraft or helicopter
have reconnoitered the target and are in the air.:

-56.




