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\ - o : Offcnsive and Defensive Operations of K ,
i : an Army" (Chapter II1) . _

- 1+ Enclosed is a verbatim translation of Chapter III
of a seven-chapter TOP SECRET Soviet publication entitled
"Combat Against Enemy Nuclear Artillery, Free Rockets, and
Guided Missiles in Offensive and Defensive Operations of
an Army", It was issued by Scientific<Research Artillery
Institute No, 1 in Leningrad in October 1960, -

A

: 3. In the intercsts of protecting our source, IRONBARK
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Following is a verbatim translation of Chepter III
. of a TOP SECRET Soviet publication titled "Combat Against
Eremy Nuclear Artillery, Free Rockets, and Guided Missiles
'( in Offensive and Deiensive Operations of an Army".. This
document contains seven chapters and was published on 15

2tober 1960 ty Scientific-Research Artillery Institute

No. 1 in lLeningradi. “Each chapter will be dissamian {ed
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v -In some cases, there afe imperxéctlons 1i. the orig-
inal text which leave doubt as to the accuracy of trang-
lation. Question marks are inserted in brackets following

uncertain words or phrases.

As in other IRONBARK reports,

transliterated Cyrillic letters are underlined in trans-

lation, while Greek snd Roman letters are. given as in the
original.
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Chapter III |

"Methods of Determining'Settings for Fire for Effect Against

Enemy Offensive Kuclear Weapons”

The special features of the combat employment of
enemy guns (launchers) and, in particular, the short -
time they spend at firing positions (launch :ites),
their Ligh degree of mobility, and the considerable
distarice of the siting areas from the forward subunits
of our troops, present a whole serles 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 methodsof determining settings must bve character-
ized by great accuracy and eusure surprise opening of -
fire, be simple in planning and execution, and require as .
smull an expenditure of time as possible in order not
t< held up the preparation of guns (missiles) for firing

u:.en located se a firing position (launch site) .

oo

siw accuracy 0¥ the mwirod exeris a u‘rect effect.
G tie expenditur: norm of suells or on Lhe size of the
iNi equivalent (yield) of a nuclear charge. Thus, when
firing shells with conventional filling, a doubling of
the preperation error results in an increase of the -

vxpenditure rorm approximately fourfold /2 7.% . 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.
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e eftcct of the accuracy of the method for deter-
mining settings on the size of yieli of & nuclear charge .
iz even more considerable. Let us assume that there 1s
an individunl target which it is necessary to destroy with
about 90 percent certainty with a nuclear charge. We
knov thet to destroy such a target with a fire error of
magnitude '51, 8 nuclear charge with a yleld q1 ie neocessary,

-having & radius of destruction R e 3 x%;.1 Let us sup-

pose that with another method ofgdetermining gettings,

fire error o is m times greater than ~ 1, 1. e..i.nz gs=sn x'zl.
Then with this method of determining settings the radius

of destruction R P2 which ensures the d.estruction of the
target, will bve: ' '

R22-3xz2-.3xmle.mh'gl'

_ We know that for the majority of targets, including
‘ ( N enemy offensive nuclear weapons, the following equation is

valiad:
R ., fq
_E;;lz‘/.?——]:-
Rp1 ™72

“wnen [17 0 pm2[1] 1 B2 1 [1] @ 3 81T
' P1. ' '

mR . o
a3 g’)g[“r_]m"ql[?]
Rpge B

Consequently, when firing with nuclear ammunition
egainst 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. : .

| -3- .
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Witk an frevease i the vlze {area) of a target, the
effeet o1 'n sire crror on ihe L one word missing / yield of
vhe nuclear charge requircd for ite destruction {s slightly
reduced /1 7.

It should be noted that the fire error is basically
[“one word missing /] tie error in_the method of determining
settings (errors of preparation [T?_]Jand dispersion. The
proportion* of errors of preparation in [f? the fire error
differs for various types of missiles and artillery and is
spproximately 30 to 60 percent for tactical missiles, 10 to
4O 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, bdbut for tactical and operaticnal-tactical missiles, in
the majority of cases, it will take second place to the
effect of dispersion. However, even in this case, there 1is
no doubt about the need to use more accurate methods of .
determining fire settings. As / 7_/ the proportion of
preparation errors in the fire error increases and the effect
of -dispersion decreases (work is now being done an just these
lines), the need to employ more accurate methods of determining
settings becomes all the more apparert

'In the overwheiming maJoritJ of caeeg eneny offensive , ' 1

nuclear veapons 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 Tiring position (if it is not already: occnpied), 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 (urtillery) and varions mthoda of
determining settings.

* The ratio of the square of the preparation error to thz
square of the fire error is borne in mind, for exsuple- 7

[rbqpation nissd:

fu;A

————
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For rifled artillery systems, which, as a rule,
cccupy firing positions in advance, the minimum time
1s needed, being equal to the time to prepare /[ one
adjective missing /fire (carrying out adjustment of
fire); this in the main depends on the method of de-
termining settings.

Ffor tactical and operational-tactical missiles this
time depends, in the main, on the time taken to prepare
(check) missiles, but the time to deteramine 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 fire,and
the requirement for immediate opening of fire when called .
for, necessitate, when combating enemy offensive nuclear
weapons, the employment of those wethods of determining
Tire settings which are the simplest to plan and which ensure

) the opening of fire in the shortest time. This should not
‘[ 1_Jexceed the time to prepere 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 tring out the possibilities of employirg them
when planning the combat against enemy offensive nuclear
Weapons.

| . : For rifled artillery, the main methods of determining
i : settings for fire for effect against enemy batteries are:
full preparation (polnaye podgotovka), the use of data

of registration (pristrelochnyy) pieces (POR) /1.7,
transfer of fire (perenos ognya),end adjustment directly
on the targets (pristrelka . neposredstvenno po tsel

with the aid of aireraft, helicopters a radar set [

or a sound-ranging battery (BZR). .

. Of these methods of determining settings, the moat :
accurate methois are based on direct adjustment on the
target with the aid of an sircraft or helicopter. In
addition to great accuracy, these methods elso have several-
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other especially important features which permit their
use when planning the combat against enemy offeneive nuclear
weapons, It 1s known that it is very important to detect
" and destroy (neutralize) an enemy gun (launcher) before
it fires. Only such means of reconnaissence {which are-
also the means of carrying out adjustment of fire) as
aircraft and helicopters can locate an enemy gun (launcher)
before it fires and can ensure adjustment of fire on it » ‘ . B
in a short time _ : .

Buch means of reconnaissance that ensure adjustment i
of fire, such as radar sets and a sound-renging battery, ‘ '
can locate (determine the coordinates of) a gun (launcher)
only wvhen it fires. Adjustment on a target will make
sense when less time 1s spent on its planning and exe
cution than iz 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 means; 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 vattery, it should be considered inadvisable [-3_7;
in view of the low degrec¢ ol accuracy and duration of
rangi:g and also in view of the unreliability of sound-ranging
at extreme distances. :

, -Full preparation must be used as often as possible
when plenning 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 that when firing at long distances, ‘ '
full preparation is inferior in accuracy to other methods
of determining settings. However, it should be considmd
that in the majority of cases it will be possible by means = -
of a radar set, and sometimes an aircraft, to check the
accuracy of settings computed on the basis of full pre-
paration and to make adjustments as n‘result of which the
apcgracy'of settings will be waterially improved.

I/ ‘ _6‘.‘
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Transfer of fire requires preliminary adjustment
on datum marks (reper). For transrer of fire to exceed
the asccuracy of full preparation, one to two hours before
opening fire for effect each battery should adjust on a
datum merk, from which the transfer of fire to the target
will be effected. Because as & rule the time for opening
fire sgainst 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 cerry out & check
of the adjustment on the datum mark approximately every
tvo hours. Adjustment on a great number of datum merks
ellows the enemy to detect 7_7bur artillery grouping.
For this reason,and also in view of the absence of sub-
stantiel advantages in sccuracy over full preparation,
transfer of fire is not advisable when planning the
combat against enemy nuclear weapuns.

The method of determining settings based on POR [ 7 7
(registration piece) data requires & lot of time for
planning and for adjustment on datum marks, Its employ-
ment depends to & considérable degree on the situation.
It does not differ in accuracy from full preparation, if
it is planned on a battalion scale, but is inferior to
full preparation when plenned on & larger scale, Cone
sequently,-this method of determining settings 4s in-
ferior to full preparation in a number of very important
characteristics, and it is not advisable to use it when

puumins the combat against enemy otfensive nuclear veapons.

~ Full preparation is the wain method ot determining
settings for tactical and operational-tactical misailes
with a nuclear charge.

Let us turn to a more detailed eonsidzritiad 6f those
methods of determining settings, which 1t is advisable to -
employ when comdeting enemy offensive nuclear veapons.

A Mk SStiani & ol A PGPV
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I Characteristice of the Methods of Determining

Settings for Firing Tactical and Operational-Tactical Missiles

Full preparation is the main method of determining
settings for firing tactical and operational-tactical
"missiles egainst enemy offensive nuclear veapons., Full
preparation as a method of determining settings for firing .
missiles has been examined in several studies; therefore, ve ’
shall make use of Just the conclusions from these etudies, '
mainly those which analyze the method according to accuracy .
and time. Because only missiles with nuclear charges are
used to destroy enemy offensive mMrlwar weapons, and, at the : :
same time, one missile is expended as a rule against any , : ,
given target, the main characteristics of accuracy of full :
preparation are the probable errors of the shot (sredinnaya
oshibka vystrela). Taking into account that nuclear
) bursts can be surface 1_7 and air, the characteristics
. of accuracy of full preparation will be the proveble . _ )
/ errors of the shot in range ( Vrd or Va 2), 4n bearing - !
(v 2), end in height (Yr¥ p) [ 1] : » :

Apart from the errors of the shot , When firing at a : .
given range, the ratio € of the lesser of the protuble , :
errors in range or in bearing of the shot to the greater, . ' T
iz also of interest. We shall call the probable error . .
baving the greater value, Vp. Then vhen V\;E Cy_p_g _gi,_ or . : . .
vhen Vb, & Vp s ¥rd p, o o : 3

P'E’Vj' | '
’ H o . _ \
Vr.dn . o
Vhen V!' !2  § ? E = »
e <l Bp b s
The probable errors of a shot with rull preparauon

for operaticnal-tactical and tactical missiles teken
from studies (13) and (llb) are shown in '.l‘ableu k and 5,

with the values of L _

8.
~ S SEeRET
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Probeble Error of Shot with Pull Preparstion

for Operational-Tectical Missiles
(Missile 8K11) Table 4 ' R

Values of probsble errors of shot when firing at
. Esngg] D (km) ] . -
Designation e - : , ' -

60 8¢ 100 120 |wo| 160 180

Vdp 30| b0 | ss0-f €0 |60f 70 | 850
wp 30| 370 | 310 | 380/T 38| 395 | oo | !
' & 1-0 | 0-82 | 0-70 | 0°62 -j0-56 | 0-51 | 0-47 . |
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As experienee from & number of exercises has shown,
the time taken to determine fire settings based on fulll
preparation is 10 to 20 minutes for operationsl-tactical
missiles and 10 to 15 minutes for tactice.l nmissiles. !

By the time the troqps master ‘the method of com-
puting settings proposed by Colonel / name miesing /
and Lt. Colonel /name missing / 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, thie tiwe
will be reduced to 3 to 4 minutes. There is reason to
think that this time is the limit of possibility tor
operationnl-tactical missiles.

With the existing wethod of computing, the time
for determining fire settings on the basis of full pre-
parstion 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
wird within the limits of the 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 the time taken to de- -
termine the settings for firing tactical missiles on
the basis of full preparation would be 3 to 5 m!_.nutes. :

2. Ohn'aeterutiea of the Nathod.s of Detemin rm

Sett Fupl ed Artille

'l'he main nethoda or deterunins sett:l.ngs enpl.oyed
by mincry vwhen planning the conbat aasinat enew offensive
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nuclear weapons are:
-= full preparatiocn;

o full preparation with cdrrections_fiom data
obtained by check shots (kontrolnyy vystrel);

— adjustment directly on target with the sid of
an saircraft, helicopter, and a radar set.

'I'he majority of these methods .of determining settinge
have been examined in various scientific-research studies
(NIR), wmanusls, and instructions Therefore, in revieving
them wve shall touch on only those features that arise ‘in
connection with the issue of new instruments and the further
development of certain methods. .

1. Full Preparation

Full prei:aration is the basic method of determining

o 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 pi-epé.ra- ‘

tion require a relatively sme:l expenditure of forces, weapons s
and time, .

The accuracy of full preparation is characterized by
the total probable errors in range Exm a.nd in bearing ’

Ezz2 shown in Table 6, when the target coordinatea are

. determined with a probe.ble circular error (k.rugovsya oalu.bkl)
Of .l - 20 mv

An analysis of the dependence or the accmcy of
full preparation on the accuracy of. determining the tuset '
coordinates allovws us to conclude that when ﬁ.ring at ' '
range of 12 km and over, an increase to 50 m of the probe

&ble error in determining the terget coordinates does not lead

..1'2. |

~ o
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Table €
Probable Errors of Full Preparation ’
Values of probable errors (ix_) ; in range Exn.
Artillery (in numerator) amd vearing 'Ez _ ._(1n denominator) -
Systens ’ ' ' o
when firing at range D (km)
8 1] 1 16 20 | e | 26
130 mm gun. | .6 oae | s | ams | 200
- 2| 0| F || B
152 mm gun 66 101 12& 164 -
29 35 : 1 99 -
122 mm 68 | 88 | 104 e - - -
howitzer 29 36 b7 _ - - - -
152 mm 68 ] 83 101 - - -
howitzer 30 35 LG .- - - -
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to a significant increase in the errors of full prepara-
tion. From this viewpoint, target coordinates determined
with a probable error of up to 50 m will be considered
hereafter as accurate and justifying the use of full
preparation. If, on the other hand, targest coordinstes
are determined with an error exceeding 50 m, the use of
full preparation should be considered madvisable in
practice. ‘

The qmount of time for deteminirig fire settings on
the basis of full preparation on a battalion scale, when
target coordinates are knwn, ‘does not exceed 1 to 1.5 minutes.

Thus, from the viewpos.nt ot'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 cases, and o
especially for the initial fire concentration against an
eneny gun (battery) or launcher. At the same time, be-
cause of the relatively low precision of full preparatiom,
it 15 advisable t0 continue subsequent fire for effect
after incorporating correctio_ns determined fxfom 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 wit_b Corféc_tibixé from ' :
Data Obteined by Check Shots

The essence of this method of determining settings
for fire for effect consiets of: allotting a caeck group
of bursts at settings calculated on the basis of full -
preparation; determining (vwith the aid of equipment for
sdjustment of fire) the deviations of the center of the
check group of bursts from the target in rhnge and bearing;
and using the results obtained to. determine ‘the appropriate
correctioms, taking into account the accuracy of full pre-
paration and the uccura.cy of the mthod or deteminlns the
deviations.

-l




EEL 2

IRONBARK

L | S j
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

deteruining deviation, in future we shall refer to full

preparation with corrections from data obtained by check I
shots respectively as 'full preparation incorporating ' '
‘corrections determined with the ald of a radar set, and

full preperation incorporating corrections determined with

the aid of an aircraft,

Before we turn to a specific examination of these
methods, let us examine some theoretieal 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 .
{(for example, full preparation), the accuracy of which 1s |
characterized by a probable error E;. At the same time,
the elevation (pritsel) end mzimuth (uglomer) settings are
arranged so that the center of dispersion of the shells
coincides with the center of the target. Under such ‘
conditicn: it is obvious that the expected deviation from
the terget center of the shell greuping rumerically equal i
to the amount of expected correction Ky will equal zero. ’ ' )

During the fire for eftect ;8 check group of buuts
- 48 allotted.

With the aid of means to adaust the fire, ‘the devia-
tion of the center of the cheek group of bursts from: ‘the
target is determined with an accuracy characterized by the
probable error Ea. It is obvious that in this case the
deviation obtained is numerically equal.to the correction

E2, which should be mcorporated in order to continuc fire
for effect.

Thus, ve have a case \'vhere the se'ttﬁgs‘fdr-rire :
against a target are determined by two wethods. According

i ‘-15-
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to one of them fire for effect must be continued on the '
settings previously caleulated, i.e., without incorpora-

ting & correction (K; e 0), while according to the other
a certain correction K is needed.._

In other words, we have two diatributiona* (raspredelentye)

corresponding to the two methods of determining the position

of the mean (sredniy) point of thie bursts in relation to the
target: the first distridbution with the center at a point

K1 = O distant from the target, which is.characterized by a
prodbeble error Ey; the second distribution with the center

at a certain point at a distance 52 from the target, vhich

is characterized by a prodable error Ep.

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, and refer to it as K)
(r-\ and the probable error of the distribution (Ey) which 1s.
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
(ves tochnosti) of the individual measurements (correctiana), ’ '
~a will equal: _ - . o

5:3 l‘J.“H- 2“2[7_7 W
Y ¢ B R

# Both these formulations sre subject to the:nor;il,law.

-16-
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where q, and are the accuracy values of the measure-
mwents (corrections) respectively equalling: - )

q = _1 and . q
1 Ey? Ea"’

Substituting these values in formula (1), and takins
into account that K; = 0, we obtain:

2
K=z_E1 Ko
Ey :
T4 T
| | (2) |
Teking g2 __/('_  o . '
EZ + Ej2 ' i

we obtain the final rormula for determining the amount
e : . of the optimum correction:
. K = A X Ka

(3)

Therefore, to determine the optimum correction it
is necessary to multiply the arount of correction,
determined by result: oi cleck ;.:n. 'y o, a certain co-
efficient Aoz 0 By E: )

With the.aid of the graph (Figure 5) , based on
the data in Table 7, ve shall observe the ¢
of coefficient A depending on-the changes 7 of
errors E; and an

«17-
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' : . 'I‘able.z
AfEE |
0 {01 lo-as 0-5 {075 {1-0 J1-5 é}o 3.0 |40 |5-0
0 ooxlo 05 Jo-2 |0-35 Jo-5 069 [17]0-8 |09 jo-ou 0-911'

It is apparent from the graph that: '

= coefficient A may vary betweeh 0 and 0;95 , and

therefore for any ratio between E; and E
optimum correction will always be less t

the amount of
n the amount

of deviation of the check group of bursts (the amount of

correction arrived at with the aid of. means to adJuet

the fire);

7

~ in case of E, = [ 1 ] Ep, i.e., vhen the accuracy

of the method, on the basis of which fire was opeued, 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 half the

amount of deviation;

- in proportion as the accuracy of the method

or determining settings for opening fire increases, the

optimun correction becomes a [ smllert]

‘the smount of deviation;

proportio_n ,of »

- with decreased accuracy in the method of deter-
mining settings for opening fire, the amount of. optiuun

_correction increasingly approaches the amount of deviation,

determined with the aid of ueans to adJu_a‘t. the fire,

-18-
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The precision of determining optimum correction }
is characterized by a probable error, which can be .
calculated by the formula: \

By «_ 1?7 Eo | (%)
. when the probable errors E have no common.

sources of error, or with the oba of rﬁrmula. [157

- 2 2 : -
12, gl
Ey 2

( vwhen the probable errors Ej and Ep ha.ve common
.~ sources of error. In the above formula ;

Ey = e
1 -
and E% a’ Ei’ t B} are probablc errors in mephod of detemin-
ing settings for Ilhre and irn the method of determining the .
deviation of the check group of bursts / on the basis 1_7
of common (recurring) errors. for these methoda' '

[ 37 18 the probeble error which takes into
accoun‘g only the common sources of errcr for these methods.

Table 8 was worked out in order to umplify the -
. analysis in detemming the optimum correction of the

dependence of accura on the retio (smount [t 7/ of
errars EE, [eand 1 /E, on the basis of whichthe mph

(Figure 6) was drawn. _
The following can be seen from the graph (rigure '6)‘. e o

~ -20-
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The accuracy of op:imum correction is,as a rule -
and vhere there are no common errors, is alwvays - higher
than the accuracy of either tis method of determining
settings for opening fire or the method of (.etermining
the deviation of the check group of bursts,

The most conaiderable superior:lty 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 1.5

‘to 2 times,

When there are common sources _of error, the lower
the amount of error [ arising from?_/ common sources, .
de-_)}i,gher 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 noat
accurate method.

When common errors are equal to the 'probable error
in either of the methods, the probable error of optimum
correction is equal to the common error, i, e.,. where En
or EJ_ = Eg, then Lk = Eg.

Smnmins up the question of the accuracy of optimum _

correction, the following ¢onclusion can be drawn:

because of the realistically 'possible ratios between

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, one

may expect a considerable gain in the accurscy of deter-

mining settings for fire for effect against a uraet as

a result of introducing optimum correction, especially -

in cases when common sources of error ars either nonexistent

or small. If common sourceé of error couprise a major .
. part of the errorin the method of detemining settings for

opening fire or of the error in the method of deternmms

deviations, then the i.ntrod.ucum of optmun correetim

-22-
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does not give any considerable advantage in aceura.cy.

The question of cptimum correction bas been explained
in general terms. When considering in specific cages the
question of the amount and accuracy of optimum. correct.ion ’
it is essential to: N

- compute probable errors in range E_ snd bearing
Eg,for the wethod of determining settings ﬁ the basis

which fire is opened, as well as probable errors in
determining the deviatione from the target ‘of the centar
of the check group of bursts E,. in range and E;
bearing relative to the method 3f determining deziatims,

w= determine the probable values of the common ‘errors
in range Ex and bearing E, 9

— according to formuls (2) or the graph (Fig'ures)'
work out the coefficients A y and R ;, vhich'determiue the
amount of optimum correction in range ¥, a.nd Laaring 52,

- according to formula (&) or (* or ‘the g.'aph
(Figure 6) find the churacteristics (” the accuracy of
dete'-m‘.rirg optimum correction in range E, vie and bearing
Ez . . - ) "

K’ : _ .

S~

— work out the appropriate practical fi‘e{oﬁﬁe_;’:d#_f._ioi;s.

The accuracy of determining corrections it not a
complete analysis (kharakteristika) of the eccu acy of
- the method under review to determine settings 1’ fire for
effect. To obtain a complete analysis of the r. .:mey of
the method, itis necessary to take into accow.t, over and-
above the errors in determining correctiom,‘the errors in:
renge and bearing due to calibration error (ragnoboy) of
the battery guns, which are ot fully eliv nated in
the process of determining the deviations. of the check
group of bursts from the target and lead to the lowering
of effectiveness of tiie , and also take into aceount. the >

I ke
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result of not making allovance (neuchet) for the changeability

of neteorolosieal conditions during the course or tire tor
eﬁ’ect. . . A . e ' o BTN

" Thus, the total of probeble errors 1n range E, and
bearing E;,in the method under review, of detemining set-
tings for fire for effect will equal

E,. = E ’+E +E
X V?? .xe xﬂ

: P | R
E, 3\/32?+Etp+, E,

(6)
st
E and Ez are probable errora due to varia.tion in

pegfomancepof battery guns 1n range. a.nd bearing;
Ex and Ezgt are probable errors in range and bearing

due to not teking into account the changeability of - -
meteorological conditions over a period of time.

Probable errors due to calibration error of the
battery guns,vwhere these are not elininated during the

process of adjustment of fire ’ may be. calculated as
follows: :

N ‘ _l!:xg = g‘vxaost%am&_sz .:E:IE (7

where Ex, . is the prohable ad.justment (sostrel) error
of batteFy guns 1n ra.nge vhich is tnken to equal 0.75; Vd;

Bxx_ and Bz are probable errors 1n range o.nd beo.rins

due to errors 1n the sighting wechanism (pritulnoye »
prisposcbleniye) (taken to be Exy, = 1A%, Broy .0551. D).

- o _;25..
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Probable errors in range and bearing due to not
taking into account the changeabdbility (out-of-dateness)
of basic meteorological factors (dallistic wind and
temperature) during the period At (in hours), repre-
senting one-half of the mean duration of fire for
effect, can be found from the expressions:

. J(o.;i;;.mx?)’ (O.SV.A."'(. iAO.:]fAvx\:)t' I["t‘_]

Ex =
- | o . (8)
Br, = 0.3YAt 0.14z, o [

Where A ) 4 Zqs A Xq are tabular (tablichnyy) deviations
in range x and bearing z, caused by the ba].netic wind and
temperature.

Taking the mean duration of fire for effect to be.
equal to one hour, ve shall get a value for A t equa.l t0
0.5. . . '

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

Full Preperation with the Introdnction of couecucn's

. Determined with the Ald of a Radar Set’

When using this method, fire for effect against a

- target is opened on the dasis 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 from the target in range end
bearing are determined. On the basis of the deviations ob-
‘teined, the appropriate corrections are determined and intro-
duced, taking into account the accuracy of full: ‘preparatiocn
-and the accuracy of the method of detemining the deviations,
and fire for effect is continued.

i
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To determine the deviations of the center of the
check group of bursts, use is made of an ARSOM-type
radar set when howitzers-are firing, and of an "Utes®:

("Saturn") redar set when the f!.ring 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 e battery as well as by battery salvos.

In study [ 16] 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 [' one word missing] 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, 1t is better to determine
the optimum correction from one battery salv°.

Determination with the help of a radar aet or the .
deviations of the center of the check group of bursts
(salvo) from the target, the coordinates ¢f which have
been found from ar aerial photograph, is aecogpa.nied by:

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

- errors in determinlng the deviatiom of the
center of the check group of bursts from. the tu-get,

errorn in determining the tarset eoordinateo ’

: - errors in determining the coord.instea of the » _ .
radar set's positiom :

= errors in the orientauon (aﬂyentirovaniye) o!' the'

radaxr set;

== errors in detemining the height of the turget
over that of the radar sget's positim; ' .

-27-
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= ervors in using graphs (graficheskays rabota).

Errors in deterxmining the mean point (center) of
the check group of bursts depend on the variation in per-
formance of the guns of a battery, the numbér of ghells
in & salvo ()|8), end dispersion. The probable errors
in determining the center of the check group of bursts
in range E"t and bearing Ez are obtained from the-

~8¢ s
expressions: '

and

)

The accuracy in determining the deviations of the
center of the check group of bursts {rom 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 factorsc bearing on the accuracy of . -
determining deviations, is characterized by a probable .. - L~
error in range Exg, and in bearins E 5’-. H’hen-the'de'via-'

tions are detemi.ned from one check sa.lvo, the probable
errors, regardless of the range of fire ’ are takw as;

(e) for an ARSQH redar set: By, = : 350, x,£ e b mile
[ee1. war. 7 R |
(b) for en "Utee" ruhr uet‘ z 60n, s . 1.5 mils

The accuracy of deteminmg tbe coordmtea ot s

t&get from an air photograph is cha.rscterued by a prohable
circular error"(,“ «20m, +

28
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. As the mesn characteristic of the accuracy in
determining the coordinates of the radar‘s positiom,

- we shall take the probable circular error rad:lus T u . 
15 m. ‘

"The probable error in orientation of the radnr cet
can be taken as equal to Ez s lmil.

The error in detemining the height of the target .
over that of the radar set's position leads to an error
in range which 18 characterized by a probable error equal
to Ex 4y o 3.6 ctg o

The probable error in using graphz 1s to.ken to be
equal to {3_1: = 10 m.

Errors in determining the coordinates of the f.arget
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 & 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 position, and in using .
graphs, as well as érrors in the urienta»ion -of the redsr
set will cause a further error in determining the deviation '

of the center of the check group of bursts rrou the ta.x-get
in bearing. ’

The total probable errors in det_efnihins the devistion
of the center of the check group of bursts from the target
in range Ex and in bearing E; are calculated from the .

‘ rs ‘TS R

formulas:

= + Ex d.'t t'-t-'t +nx‘h[§7+'&2

Ez.: g .[_74-3: -a-'z 4-'! -t-s; " *"&2'
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The values of the total) probable errors, calculated
from formula (10) when & sixegun buttery is Tiring at
various renges, are given in Table 9. -

An eanalysis of the sources of these errors, which -
accompany full preparation, and the determination of
deviations 3 the center of the check group of bursts
from the target with the eid of a radar set, shov that
under conditions when the firing positions of batteries
and the position of the radar set are tied in zndepend-
ently, the main /[ ? J errors of full prepsraticn and in
determining the deviations are errors in determining the:
coordinates of the target and errors in renge, arising from
error in determining the height of the target. The probe
able errors in range and in bearing, caused by general
sources of error, are determined from the formulas:

s, 2 5 4
Exgnvf. ts f-(39t599_) andr:z 1ts o

When there are errors arisiné from geneml soiirces,‘
the probable errors in determining the optimum corrections
in range Exg_an.l in bearirg E, krs ° nust be calculated

from formules similar to formula (s).

Having the probable ex'rora of rull prepamtim
and the provable errors in determining the deviations of
. the center of the check group - of bursts’ from the target
with the aid of a radar set,as in the graph. (Figure 5),
ve shall determine the values of coerﬁcient.s .{

g

,'\ s I vwhich are used to determine ‘the optinum correctionl :

for range and bearing reapectivaly. ‘!hc values ot theu
coefficients for various cond.itions u'e given m ‘hble 10.

From Table 10 it is evident that the mgnit.uda of the- :

optimum correction represents on an gv_erage.v-

-30- G




Probable Errors in Determining, with the Aid of a

Table 9

Radar Bet, the Deviation of & Check Group of Bursts from the

Target, the Coordinates of Which Have Been Determined from

An Alr Photogre_.zl_n o

el cas ool

| Art. | Values of thé pr'cbabl}.- er&s (n) in rmge
- ! Radar Set system | Ey., (in numerator) end in bearing _Ez“.(in
' . defiominator) when firing et range D (E&)
(\ 8 10 12 | 161- 20 | 2k | 26
: n-w,;e " ) o . L .
! ("358urn") 130 mn - | 67 - 68 69 ‘ 1 12y 15
i gun 3T i 35 X4 1 %S- , 51 ] 55
i 152 mm _@é#‘.‘ BRI B {‘;"-‘30 ~ - 1 -
gun 31 '35 ;17»3‘&'6
ARSOM /17 | 122mm JU46 | 48 | 52 v - | - - -
[v7 hov . 53 L) 3'6' |
12om fUe 1 W8 B9y - i - -1 -
how. L3 ‘49 1 56 - 2 '
) \
. }

'.:.".‘.4
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== about three-fourths of the magnitude of the de-

: C viation in range of the center of!.the check group of
o burets 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 tor guns, a.nd about one-third for howit:ere.

8o, 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 ('ﬂt ‘w2 m) - and-
have found the probable errors vhich = characterize
the accuracy of determining these optimum corrections;
these errors, as is evident from a comparison of Tables 9
and 11, are consideradbly (up to 1.5 times) less than the
probable errors of the method of determining deviatima.

Another possible way of using the method under rcviev
(of determining settings)is the cese when the coordinates
of the target are determined with the aid of a radar set and’
the determination of the deviations of the center of the check . :
(\. group of bursts from the target is done with the aid of . "

the same radar set. Under the same firing conditiomns,
let us calculate the magnitude and accuracy or the optmm
correctione for this case too.

Determination,with the aid of & radar set, of the \ :
deviatione from the target of the center of the check _ ' , '
group of bursts, the coordinates of which have been de- ' )
termined by the same radar set, is accompeanied by the - :
‘same errors as in the first case, with the exception or _ _ '
errors in determining the radar set's positim ‘and errors !
in orientation, wvhich in the present case do. not affect tho‘- -
accuracy of determining the deviatione, as veu ‘as_errors.
in determining the target coordinates, which are accepted

as quqmltoZgguaomrwmmmmnetm
Zt, .hSnforan"Utea" radarnt.- o

-32«
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.Yalues of Coefficients 7\ Xrs!

and

|

Table 10

4,“, When Firin ing Against s Target

the COOrdinates of Which Huve Beeen Detemined from an Air Photg‘!_‘gh

" Art.

Raiel /} "!&' vhen firing at renge P_ (km) /i ;g, vwhen ﬂrine at range 2 (kn). .
| 8! 1012 16f]20fan] 26 |8 !LIO, 12 |16 |20 | au |26
v : Y 1 g
130 om |0.48 0.63:0,74;0,82]0.86] 0,82 | 04T, 0.50:0.5€10.59{0.64)a 68
cun ] : k ‘ o )
15 0.50, - 20.6620,71‘ 0.80) - |- 0 z.) ' 0.5240,5510,7 - -
W \ 1 ' | R
i i : : . . T
122 am  |0.65 30.77!0.8q - i - V- |- t0.320.350.83( - ¢ -1
how, 1 ~ ‘ i . HE . % ! .
‘ s ’ T ,
152 mm |0.69 10.75:0.80i - 1 .- |- |- }0.33:0.330.38i- - - | - |-
how., . g . % ' S : » ‘ : T ..

<33 .




N IIII—————=

-t

wﬁ &CR’B".V ‘

(> TIRONBARK B o

From formulae like (5), ve have calculated the probable
errors in determining the optimum correction for range x,n.,

%:glbearing Ezk“ s the values of which are given in

. qeble 11
Probetle Errors in Determining Opuimum Corrections E"k.r

and E, Zgrs When Firinwainet a Target the- Coordinat.es of
Which Ha"e Been Determined from an Air Photm

. Art. | Values of probable.errors (m) in range E 'Am", (1n ‘ ‘

system numerator) and in bearing Ezkrs' {in: denouﬁ'ﬁator)
vhen firing at range D (km) —™.
a 8 (10 )12 |16 lao ot Joo
1 2 . 3 lo‘ 5 - 6 7 :d_:_

130 mn | b s6 | colr] 2 ! 68[r] 7 (3] ;
122 am |4 6r |66 "l73 1 -
un[s1c Eg 2% |5 ;{% ‘
2 m bo M .‘B - - ; - -
how 34 3 3'9' : !
s2em (41 |43 58 (- ) jo |-

I
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The. 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:

— .
{Eﬁu‘ +Va +E +zata+22 ‘.,zeﬁ

xAx

2 - e :
\[ SR eng 4Tt

As in thé case when the coordinates of the target -
are determined from an air photograph, we have calculated
the coefficients /| xrg'end / 21, vhich determine the
magnitude of the optifiunm corre‘E‘Eion for range and bearing
respectively, as well as the probable errors in determining -
the optimum correction for range E . and for bearing Enrs' ’
the values of which are given in Ta es 13 and 1&

As can be scen, the values of ‘the coefficients /%, y g:l.ven
" in Table 13, vary little in practice from the coefficiente
‘ given in Tabdble 10, Consequently, the. optimum corrections
will be the same as in the case 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 remein the same as in the - .
case where the coordinates of the terget are detemined
from an air photograph vhen howitzers are firing, but exceed
them considerably when guns are firing. The expl_anntim o
of this lies in the comparatively big error in determining
the coordinates of a target with tbe aid of a.n "Ut.eu" :
("Saturn") radar set.

In Table 15 are given the total probahle errora m ‘
range E"P.P. rs and in bearing E"ER T8 vhich chu'aeteri:e the

accuracy of the uwethod under consideration of deternining
settings for fire for effect; they hnire ‘been calcuhted by
using & formula like (6).

L (12)
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The values of these probable errors are éivén in Table 12.

. . Table 12
Probable Errors in Determining, with the Aid of u Radar Set, the

Deviation of a Check Group of Bursts from the “I’arﬁeh ‘the Coordinates of

-Wnich Heve Been Determined by the Same Radar Set

.Type of Art, Values of probabie errors (m) in ra.ng'e‘ Ex pgt
Radar Set syster (in numerator) and in bearing E Trgt (in deéncm-
' inator) when firing at range D~ (km)
8 10 12 16 | ‘20 2h | 26
"Yiec 130 em | 77 ‘ :{_§_ 1 18 80 . g2 | 8
(“Suturn") gun I 50 "55 ) ﬁ . '5'5 T
152 e | 76 g3 e8| e | - |-
ARSOM 122mm fu | W | _t% 1 - - - -
how 39 5
2w Ju {45 ] a7 | - . - 1-
!. -




Values of Crefficients n X pge B0 a Zpgr When Fi

" C8DB-3/651, 392

Table 13
1ag Agatn

the Coordinates of Which Have Been Determined by a Kadar Set

st a ' arget

Art,, A X ¢ ¥hen firing for range D (km) A 2 whén' firing for range D (k
syatem = - ,‘g‘_ » . _ -
8 {12 16]20fau]oc] 810 12116} 20 2] 2¢
(’ﬂ‘ 130 mm i, ¢.01}0,.71]0.79}0.83]0.86§0.52 0.5410.57 0.60]0.690.(9
Zun : 1
152 mm 42,51 0.&.,3. J.T10.781 - - ’.).5“2 054 0.57 0.8} - -
{an : . ‘ o T o )
e e b fevelodyy - § - e b- Pousefolsgloan . - )
how : 1.1
152 mm Q.71 JO.77]0.82f - . - - Po.3rh.37fo.un ] - - |- -
how : I A .
A."/;_‘
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4 Table b -
Probable Errors in Determining Optimum Corrections Ey krs'

and Ey.g+ When Firing Ageinst a Target, the Coordinates
of Which Have Been Determined by a Radar Set

Art. ]Values of probable errors (m) in range Ex gpgs (1n - |
system ] numerator) and in bearing Eg yng (1n denomiMator)
vhen firing at range D (k’m" -

8 | 10 16 | 20| 24| 26

- - g%

50

r\ . 130 mm

gun

a8 [&
e

152 ma
gun

e W

122 mm
how

} 152 mm
how

N S 599 58

WE . s

YE BlE &
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Teble 15

Probable Ervors of Full Preparaticn Vith the Introduction of
Corrections Deteéruined with the Aid of s Radar

- Method of deter-

. Art. Valuss of probable errore (m) in range me,_."
:mz:h' coor-) syste® |  (i/ numserator) and in bearing E. re (1n de
o nominator) vhen firing at range D (km)
8 10 12 16 20 2L 26
air photograph 130 mm 6 8L |68 :
' gun Z'g '§§ % 1 17} %é
. 3= 20m) 152 L eo 110
o : - -
| & v |E|®
122 om 48 T - - - -
how . 28 LN R Y
152 mn | W 4 ] 61 - - - -
with the atd of 130 81 6 {108/
a radar set?V g = snnm E% % {1 52 % g 7
. | 20m for %\mtrma |
| Zeg s Bmtor |152em | 57 g 1121_714- .
Cte o | & % L
"Utes" " 6 :
: 122 - - - -
o | B | B | B
152 em | b , - - - - i
o B 8%
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To sum up, we shall formulate the following practicsl
recommendatione for the planning and employment of full
preparation with the introduction of correctious, .de-
ternrined with the aid of a radar set, when nring agamst
the enemy's afrensive nucleu' veapons.

To support. _its fireyeach battalion must hmre a8
.radar set (organic or attached) of the appropriate type.
The radar set's position is selected in such a vay that
it should be possible to use the radar set to support
the fire of not lesa than two batteries of the battallm.

. 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 ¢oordination and
communications between the radsr set and the firing posi-
tions of ba.tteries as well as vith battalion headqua.rters.

. Fire for effect is opened against the. ta.rget on ‘the
basis of full preparation. During the fire concentration
(ognevoy nalet), each of the batteries enge.ged 1n riring
fires one check salvo, 1n turn.*

As a rule the data necessary for fixing (zase’chk.a.) the
selvo of each battery (distance of the radar set from'the
. firing position, height of the target above the firing -
position, map bearing angle «topograﬁcheskiy direktsionnyy
. ugol)) and range to the terget) are determined at battaliom
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 ot the radar set.

The commanding ofﬁ.cer of the ruhr set repowtu to
battalicn headquarters when the radar is ready to 1’1: the .
salvo of the first (next in turn) battery. Hev .
received the report that the radar set is ready, > bat- .'
talion chief of staff gives the order to the. firinc posi. -
tion to prepare the salvo. When the senior officer of
the battery reports that he 1e ready, the battalion .
chiefiof staff gives the order "Fire," which is received -
at the firing positicn end at the radar set. The report

¥ if th:{irst 361vo vas not tixed'-a répeut ulvo 15 ﬁred..

'-lbd- |
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that the battery has fired is passed from the firing
position simultenepusly to the radar set ard to bat-
talion headquariers,:

After fixing the check group of bursts, the command.
ing officer of the radar set reports to battelion head-
quarters the deviations frow 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 on the basis of thg reported deviations.

The range correcticn is accepted as equal to three-
fourths of the magnitude of the range deviation with the
opposite sense (obratnyy znek), and the bearing correction
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 detemining the correc-
tions, the chief of staff gives the necessary order to
the battery firing position and starts to carry out the
dbheck of the next battery to fire. &= .

When tiring is planned efficiex 'tl), not more than 5
minutes per battery are requirel tu conduct the check,
and under conditions when several’ ba.tteries ‘are brought
in to fire against the target, this makes it possible in
practice to combine the check with fire for eftect.

Full Pre ration with the Introduction -of (:orre'ctions |

Determined. with the Aid of an. Aircuft

The technical equipment of - spotter aircra.tt -Which 1is
being developed ensures rapid and accurate deternination .
of the target coordinates and of the deviations -of the bursts
from the target both directly in the aircrarft and on s
screen by the transmission of a television image. The
accuracy of determining the target coordinates and of the
deviations of the burste from the target, with the help of '
an aircraft in the given conditions, is characterized by a
probable circular error of the order of s 30 to 40 w,

i
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which sllows the use of full preparation and alsc makes
it possible when correcting fire on a target to introduce
e correction from only one group of bursts. This fully
Justifies the employment of such & method of determining’
settings as full preparation with the mtroduction of
corrections detemi.xed with the aid of an aircraft, ’

By thic method, fire for effect 18 opgned against
the target*on the vasis of full preparation., During the
firing for effect (as & rule at the beginning) each of
the batteries engaged in firing fires a check salvo,’ 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 aprropriate :
corrections are detemined, taking into account the accmcy
of full preparation. After mtroducing the corrections,
fire for effect is continued,

. It is most advisable to use this meth‘od vhen -ﬁr:l.ng
for effect against e target, the coordinates of which have
been determined with the aid of an aircraft, when the’
same aircraft is employed to determine the deviat!.ons of
the center of the clLeck group (groups) of bursts, . If the
cocrdinates of the target are determined by some other -
method, or if some other uircraft is used to carry out the
check, then time will be needed to call up the aireraft, for
the latter to find the te qet, etc., as' a result of which
tle probability of destrc-ing the target becomes much less
and the fire for effect against the target w:lll require '

a very large expenditure ‘of shells. :

Determination of the devistions of the center of
the check group of bursts from the target with the
aid of an aircraft is a.ccompanied by. S

e errors in deten mgthe ueun point ofthe :
check group of bursts, ors which depend on variatiom
in performance of battery guns, on the number of shells
in the selvo (Y\s), and dispersion, which are characters
1zed by the probaSIe errors calcuhted by the rormulas (9) 3
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e errcrs in determining the deviations of the
center of the check group of burste from the target,
which, for mwost of the existing methods, are charactere
ized by a probable circular error Z‘. 30 m.

Errors in determining the coordimtes of the target,
and other errors which occur when deviations are detcr-
mined with the help of e radar set,in this case have no
bearing on the accuracy of determining the deviaticns,
because the deviations are measured in relation to an
observed target. : ‘

The total probable errors in deteruining vith the
aid of an aircraft the devietion of the center of the
check group of bursts from the target - in range E,%
and in bearins,!: .~ are obta.ined by the rmms

The magnitudes of Exs and Ezs calcul.ated in accord-
ance with formulas (12) ~are = given in Table 16

Having the probable errors of fnll preparation , .
calculated for the case when Z ,,5 = 35m, and the prob-

able errors in detemin:lng the deviaticm or the center
of the check group of bursts from the target with the
aid of an aircraft, ve shall obtain from the graph (Figure 5)
the values of coetficientuax. and. a“ » Which are used E

to determine the Ehrrections: for Tange and bearing uap.e.
. tively.. The valueo of these coetticients m ;!.ven 1.n :
.Table 17.- , , .

Frm 'I‘qble 17 it 1: cl.ear thnt dapen&!.ng o t.be
range of fire, the values of the coetﬂ.cuntl 7\ x. ury
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. Table 16

Probeble Errors in Determining with the Md ot an Au::n:(‘t the

Deviations from the 'l‘gget of the Check Group of Bursts

Art. | Values of probable errors (m) in rmgo (in numer-
system "ator) anfl in bearing E.' (4n danonmtor when firins at
range D fkn) | o
8 12 6 | 20 .v__'zu 26
© 130 mm " 36 | W b .46
gun %8 éé ‘ % x| 3'2' ki g
152 mm 2 Ll 18 S -
gun 50' 30 k) %

ot
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Teble i7

!guesv of Coefficients A,. and o % ;

Art, /1',t vhen firing et range (km) | ’( z when Tiring st range (km)
system 58 . ) U % !

8,12 |16 |2 |2v 26| & 121 16: 20| 24 : 26
130 mm | 0.82]0.8810.¢2}0.94 o.9s§o.95'o.buf'o.69 0.75] 0.801 0.85 | 0.7¢

gun[ 1) 0 A T

152 am | 0.8%[0.85 ic,88%0.901- . f_O.és ' 0.69 ! 0.75} 0.85 | - |-

g 1] l S S
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between 0.80 end 0.95, i.e., differ little from one. |

Consequently, in practice the magnitude of the optimum
cerrection in range will differ little from the deviation
from the target in range of the center of the cantrol group
of burste, which has been determined with the aid of an

aircraft. The values of the coefficients ]} gzg, &nd consequent-

ly the magnitude of the optimum correction in“bearing, will
be on ar. averare three-fourths of the magr.:f.ude .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 errors there are no common
errors; consequently, it is necessary to calculate the
probable errors in determining the optiuwum corrections for
range E and for bearir.e E, - by us:lng foroula: similar to

formuls ™ (b4). ==

The magnitude cf l“xks and Ezke are given in Table 18.

' ‘ S Table 18

I'robable Errors in Detemminﬁ the Optimum corrections Exxg :

: 152 wm b1

{em 34 13

a"’ E
= ks
Art. Values. of probable errors (m) in range Exks
system (in numerator) and in bearing Ezpg (in.
denoninator) when firing at ragsﬂ(km)
S -8 12 e | o | o] 26
{130 = 218 % ) e g { -
2%

TN .
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From s comparison of the data in Tables 16 and 18
it can be' concludea 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 aild of an aircraft. The explanation of This. lies
in the substantisl difference between errors of 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. ' - Co

The total probable errors of the method under re-
view of determining scttings for fire for effect - in .
range Exgy-s and - i bearing EZ.P.P" - calculated by using
~ formula (6), are given in Table 13. : g
. i Table 19

Probable Errors of Full Preparation with the Introduction

of Corrections Determined with the Aid of an Airefart e

.( Art, Values of average errors (u),in‘rangajEx: -8
' system (in numerator) and in direction Etpp-s'( de-
‘ nominator) when firing et range D - = (kam)
8 12- f 1€ | 20 24 l 26 |

= | s{d|8|2 |5 |%

6 6 | 76 R
== |slelsfs |- |-

%

From compariscn of the date in Tables 15 and 10 it is
clear that this method of determinirng settings for fire for.
" effect is considerably superior in accuracy to full preparation

e © e eematliaws s akemie W gL ~a——.
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with the introduction of corrections determined with the
help of & radar set,

To sum up, ve shall make the following practical :
recommendations ‘for using the method under consideratian : ’ : ’ ;
to determine settings for fire for effect. : :

{
Fire for effect is opened against the target om the A
baeis of full preparation.

During the fire concentration, each of the batteries
employed in firing fires one check salvo in turn.* With
the aid of an aircraft, the deviations of each creck group
of bursts from the target in range and bearing are determined,
the necessary corrections are introduced, and fire for effect
i8 continued under the most advantageous mcthod 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, teken 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
(r~\ sense opposite to the deviation sense.

. , The planning of fire and cooperation_with_an eircraft'
i A when using this m2thod to determine settings for fire for -

. effect does not differ in any way from aiJustment cn a tar-
€et with &n alreraft; this is Jescribed in deteil in ‘the
manuel and is, therefore, not exam‘ned here.. .

When coordination between & battalion and en alircraft in
the area of the concentration is planned in advance and is
carried out efficiently, up to 5 minutes will be needed to
determine the corrections for one battery. A further §5: [T';7
t0 10 minutes will be required to determine the corrections
Tor the remaining vatteries of the battalion protided that.
the check salvos of batteries follow one ‘another at a rate
which ensures the determination of the daviutiono durtng th-
time ofn.ingl.eflight[]

¥ If necessary, & repest salvo is fired. o

4B
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3. Direct Adjustment on a Targct

Direct adjustment on an enemy gun (launcher) or
battery can te carried out with the help of an aircmr‘b ’
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 18 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 posi-
tion and to strict cslculation 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 frow an aircraft
(helicopter), knowledge of the exact coordinates of the
target is of little importance. As & rule ’ adJustment on
a target with the aid of an aircraft or a radar set is
limited to one salvo. per battery, which does riot lead to
any substantial loss in accurscy, but allows the time
spent in adjusting to be reduced to the minimum.

Ad Justment calls for efficient planning of coordi.
. (\ » nation between the batteries and the means for fire cor-
t . rection. These distinguishing characteristics ot the
method under consideration to determine -settings for
fire for effect in the main predetemine the condi-'
tions for using it. : :

Thus, ac a rule, it ic advisable to'd_etermine
settings for fire for effect on the bvasis of data .
obtained in adjusting when firing against targets that
have been reconnoitered with the aid of means which:
have been brought in to ensure correction of fire in
circumstances when for some reason cor other firing con-
ditions cannot be accurat.ely calculated. Co :

. The accuracy of determining settings fcr rire tor

S ' effect m the basis of data obtained in a.dJustnent depends

. ' on the accuracy of the cd.justing, the duration of fire for
effect, and the accuracy in ce.lcuh.ting the vu'utton in
perfomance of the guns.. -

2 ey
. H




AN B 8% B &

}EONBARK

The probable errors in range and bu.ring, which
characterize 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 cnl‘cu].at.ed by

N using a formuls similar to formula (6).

The accuracy of aljustment depends mainly an the .
method of edjustment and is characterized by the provable
adjustment errors Ex£ in range and. E,_E 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 are celculated from for-
mulas (1l) and aere given in Table 12,

" The probeble errors in adJusting by batteries on & -
target with the aid of an aircraft for the case vhen
adjustment is limited to arranging one check salvo per. -
battery are calculated according to formulae (12) and are .
given in Table 16. The sccuracy of adjustment on a target
by batteries with the aid of a helicopter, by observation
of the [ one word missing] of bursts is characterized by -

. probable errors of the order of 1.1 [ J'in range and 0,03
f-\ [1] 1n bearing. o '

The planning of and procedu.re for carrying out ad,just- '
ment by the different methods are to be found in the ap--

propriate manual and so trese questions are not examined in
this pager. - _ R

The probable errors in detemining setti.nge ror fire
for effect by batteries on the basis of data obtained by
adjustment on the target, calculated vit.h the same values for
errors caused by the changes with tiwme in weteorological con-
ditions [ 177 and errore in calculating the variation in per-
formance of the battery guns as for the preceding nethoda of
determining settings, are given in 'I‘able 20. L ‘

The time required to carry out. adaustnont ona hrut -
with the aid of an aircraft or a radar set will not differ in
practice from the time which is spent on full preparation vith

the introduction of corrections with tho utd ot an ureuft or

a radar set respectively. [::I ;

: 50-
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Table 29

Probable Errers in honi-n!ning Settings for Fire for Effect
on thc Basis of Data Obtained in Adjustment sgainst e Target wit:. the

Ald of & Helicopter, ap Afircreft, and a Radar Set

rﬁhodﬂ' Values of provable orrotn_(n;) s,n range Ex (1;1 numerator
of Art. eand in bearing Eg (ir dencminatvor) when firing at range
Adjustumert ayatez |D (km) i S e _
8 10 1) 16§ 20 a2k | 26
2= e (el - |- ||
, T 42 631 - P - .
s~ul I B L R 1 R
Helicopter : '
s TR & 8| |
(M 152w 20 - & %% -] -
gun -3 . .
Afrcraft lzgrm '.E 7 X B g% B 3%' 5% Z%
1. 68l 8. . Q% - -
| ® ® & | %
. ‘ 1 18 81/t
- FAal R BLIR R EE A
2 | 39 |- % we | oas |- |-




The time needed for adjustment on & target with the

ald of a helicopter is of the order o2 20 minutes for a
hattery and 30 minutes fora battalion.

k. Comparative Evaluation of the Accuracy of the
Various Methods of Determining Settings
‘for Fire for Effect '

Under conditions when it :I.s possible to use several
nethods of determining settings for fire for effect, the.
problem arises of selecting the most accuraté method which
will allow the fire task to be carried out with the minimum
[ 1] expenditure of emmunition. With this in viéew, 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 1is characterized by probable
errors in range Ey and in bearing E,. - The drawing up of a
comparative evaluation of the accuracy of methode when use
is made of two methods / ?J has proved a failure [t 7 and -
consequent.l » &s a rule, use is mude of the given pro ble
erpors [? . The /one word missing_] E, are included
i t)‘u. formula for -determining the experditure norm of shells
and in this way become a comparacive evaluation which charac-
terizes the accuracy of the method [t 7. -

The sra.phs (Figures 7 and 8) show t.he vu.rutionu
of E, E; depending on the range when firing with 130 /
mm guns end 122 / 1_7 wm howitzers, The results / ¥
tained for these systems will be /“two words missing ' for
152 [ 1 7 wm guns and 152 L 2_7 = howitzers ['1] :

- -
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' [Heading probably reads:
Comparative Accuracy of Methods or
Determining Settings for u 130 (1) mn 5\:57
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Comparative Acquricy of Meﬁhoda of
Determining Bettings for e 122 mm Howitzer

y 8 e o
ﬁms Other legend illigible, tut see Page 7
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From the graphs, the following is- evident.

.

When firing guns, the most accurate wethod
of determining settings for fire for effect
is full preparation with the introduction of
corrections determined with the aid of an
aireraft. 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 intermedidte positiom.

When firing howitzers, the best meti.od as far
a3 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.

Chapter Conclusions j : . N .

The main rethod of aetermining eettings for fir- -

~ing with operaticnel-tactical and tactical mis-

siles against the enemy's offensive nuclear

~weapons 13 full preparntion._,

The chnracteristics or the accuracy of
full preparation for operational-tactical and

tactical missiles are ¢iven 1n Tnbles k and S,

* The time needsd to determina lettinsl for
£iring on the basis of full preperaticn can be
reduced in the near future to 6 to 8 minutes for
operational-tactical siseiles and’ a to 5 uinutcs

‘for tactical missiles.‘ S

il
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The main methods of determining settings for
artillery fire against the enemy's offensive
nuclear weapons ere: full preparation with:
the introduction of corrections with the aid
of a radar set or alreraft, and direct ad-
Justment on the target with the aid of a
redar set, aircraft, and helicopter. The
characteristics of the accuracy of these
methods of determining settings are given 4n
Tables 15, 17 and 20.

Artillery 1s capable’or opéning ettectiﬁe
fire against a target in 2 to 3 minutes after
receiving the fire task, When firing is ef-
ficiently planned, the time needed to determine
corrections on the basis of check ahota 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 needed to determine set-
tings for fire for elfect on the tasis of. cor=
rection of fire data (fror the moment tuat the.
fire tack 1is received to the opening of fire for
effect) will be: 5 minutes for correction of.

ire 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 fire with the aid of a heli-
copter, provided that the aircraft or helicopter
have recunnoitered the targat and are in the air.

-56-
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