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The following definitions apply. for the transliterated organizavional entities included

in the text:

chast’

ob”yedineniye

podrazdeleniye

soyedineniye

Source:

[voinskaya chast'] - Administrative, line, and supply unit
(yedinitsa) of the [branches] of troops, which has a aumber
and banner, ¢.g., a regiment, sepacate battalion (batal’on,
division) and troop organizations equal to them.

[operativnoye ob''yedineniye] - Large-scale unification of
various soyedineniye of the branches of troops, which is

nonpermanent in compnsition and is intended to conduct
operations in a war.

Troop unit of permanent organization and homogeneous
composition in each branch of troops, which unit forms a
larger podrazdeleniye or a chast'.

[soyedineniye voyskovoye] - Combination (soyedineniye) of
several chast’ of one or various branches of troops into a
permanent organization (division, brigade, or corps), headed
by a command and a staff and including chast’ and

podrazdeleniye of auxiliary troops and services necessary
for combat operations.

Russian-English Dictionary of Operational, Tactical and General
Military Terms, 1958
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AUTHORS ' PREFACE

This handhook encompasses the range of questions that makes up the
subject of military topography. It is intended for officers in all branches
of the Armed Forces and combat arms.

The third edition as compared with the second edition includes a
numboer of additions and changes.

1. Two new chapters are included: "The Use of Navigational Equipment
in Orientation,'" and '"Methodological Advice on Organizing and Conducting
Lessons on Military Topography'; examples of topographic maps at scales
from 1:25,000 to 1:1,000,000 are provided.

d. The contents of Chapter 1, "General Information on Terrain and
Methods for its Study," have been revised; questions of military geodesy,
which have practical significance for the troops, are presented in greater
detail; questions associated with allied disciplines (military geonrapﬁy,
enginceering, cte.) are presented in somewhat curtailed form.

3. The presentation of elementary procedures for ground orientation
has been somewhat curtailed because of the widespreoad use of navigational
cquipment in ground vehicles by the troops, as well as because the Handbook
includes a chapter on its use,.

h.  Lxamples of maps, tables of conventional signs, and a list of con-
ventional abbreviations used on maps are printed for standardization and con-
venience in their practical use from finished forms of the handbook Convcntioqil

Signs on Topographic Maps of the USSR (author-compilers: S. S, Abramov, G.

N. Nezhelskiy, and N. A. Nikitinag editor: V., A. Vishnyakov) published by
RIO VTS (Fditerial=-Publishing Department, Military Topographic Service) in
196G,

The conventional signs are presented somewhat cenlarged for better
readability.  Many conventional signs are presented in their new and old
configuration because the troops usre maps published in different years.

In revising the Handbook, ithe authors tried to give fullest consideration

to the remarks and desires expressed concerning the second edition (in the

pcriodicnl press, in public discussions, in personal talks and letters),

In this connection, we consider it our duty to coxpress our thanks to com=
rades V. A. Vishnyakov, Ye. D. Golikov, V. F, Rubakhin, V., V., Ofitserov,

A. F. La<hin, A. M. Kuprin, I. M, Prishchepe, B. Yeo. Byzov, S. M.
Shlezine sty and others whose assistance and participation furthered improve-
ment in quali’y and hastened the preparation of this edition of the Handbook

for printing.
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Chapter 1

General Information on Terrain and Mcthods for Its Study

(Alphabetical~Loxicographic Presentation)

ARTOTYXE 3% JIOPOrU

AVTOGUZHEVYYE DOROGI

Vehicular and horse-drawn transport road. HRoads fTor the movement of
vehicular or horse-drawn {(wagon) transport. On topographic maps, they are
divided into superhighways, improved highways, highways, improved dirt
roads, dirt (country) roads, fiecld roads, forest roads, and winter roads.

(I'or the characteristics of all classes of roads listed, sce the text

in.alphabetical order).

ABTOCT PALN

AVTOSTRADY

Superhighways.  The highest category of highway, with a strong surface
ol asphalt concrete or coment concrete. Roadway width of the superhighway
is at least 14 meters, longitundinal slopes are up to 3°, and intersections

with other roads are at various levels by means of crossovers.

r3MMYT

AZ. IMUT

Azimuth. The angle between the northern direction of a meridian passing
through a given point and the line of direction to an observed {designated)
objoct:

noodosic‘nng]o - the angle on the surface of the earth ellipsoid between
Lthe northern direction of the merldian passing through a given point and
the line of direcétion to the object; it is determined by convering the true
(astronomic) azimuth (sec)* nr geodotic Y-azimuth;

true (astronomic) azimuth - the angle between the direction of the true
{astronomic) moeridian and the line of direction to the object; it is detor-
mined on the surface of the earth from celestial bodies by means of special
instruments (theodolites, etc.);

magnetic azimuth - the angle between the northern direction of the
maynetic meridian (direction of the magnetic necedle of a compass) and the
station = objecl llne of directioni it is measured by a magnetic compnrs
or computed from Y-azimuth; the magnetic and true azimuths of the same line of

direcction differ by the amount of declinarion of the magnetic ncedle (see);

e ——————

*(Sce) = indicates that the explanation for a particular word or group of
words {set with letters further apart than usual in the original text) must
be consulied elsowhere in the alphabetical-lexicographic presentation in

this chapter,
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back aziniith ~ the azimuth of the object-station line-of direction;. -
it equals the -direct -azimuth (station-objeét line of d:ﬁectipﬁ)‘plus 180°,

Azimuths are read in a clockwise direction frem O-to 360° in military
topography and geodesy.

AUBEIVK

AKVEDUK

Aqueduct, A bridge~like structure for the crossing of water supply lines
and conduits over deep ravines, river valleys; railroads, and highways.

ATBIeYCRIE PR

AL'PIYSKIY REL!'YEF

Alpine relief, A type of mountain relief which rises above the snow
1line. It is characterized. by abrupt,iuggedne&s,,shafgness;of form, pointed,
‘serrated ridges, and -pyramidal, rocky summits.

«

HOMAMYE MATHET
ANGMALIY MACNT TRy o

‘Magnetic :anemaly: -An:-area-with--sudden-changes in-‘the amount of de=
clination of the magnetic ncedle. As ;»rule, these changes.are caused by
tihe occurrance of ores which possess magnetic properties.,, The use of a
magnetic compass in areas of magnetic anomaly is accompahicd by a risk of the
loss ‘of ‘orientation since the compass readings may change by as.much as
the opposite direction even with a short distance from one point to another.

Areas of magnetic anomaly are shown on topographic as well as special maps
and diagrams.

APVFBHAHCKEE 304K

ARTEZIANSKIYE VODY

Artesian water. Underground water located between water-impervious
strate or circulating along fissures and cavities in solid rocks. The
water in the lower part of the bend.is under great pressure where the
strata are folded., If a drilled well is drilled to the layer containing
the wator, the water rises upward and even gushes out as a spout.

APYESNAHCKIA HORO/EIL

ARTEZIANSRIY KOLODETS

Artosian well. A drilled well which provides an outlet for artesian
water; artesian wolls reach a depth of 2,000 meters or.more.

AVINEPPAGKI IRV JIORAIHH KivD )

ARTILLERIYSKIY TSELLULOIDNYY KRUG

Artillery protractor. An instrument for the measurement of angles in
mils on a map (plan); value of a division is 10-myls.

AR'K

ARYK

Irrigation ditch. The local name of an irrigation ditch in Central

Asin.

4
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AGTPOHOMHWECKHE KOOPHHHATH
ASTROVOMICHESKIYE KOORDINATY

Astronomic-coordinates. Géographic coordinates (latitude, longitude)
datermined from celestial bodies.

AQ POCHHMQK

‘AEROSNIMOK

Aerial photo.. A documerit of aerial photography = the ?hdtograﬁhic
image of the terrain (objects);

vertical aerial photo - obtained as a reésult of vertical -aérial
photography (See); the scale of a-vertical aerial photograph-af flat and.
hilly terrain is practically constant .and all measurements on it may be
made by instrunents and procedures adopted for work on a map;

oblique aerial photo - obtainéd as a result of oblique .aerial..photo=
grgphy; the scale of ah oblique. aerial photo- is essentially\v&ried'(large
in the foregound’ and being .graduaily Feduced. toward the background); special
methods and instruhents are employed inwméusu§eméntssand'plotting on an
oblique aerial photo; ) )

verticil-oblique phogé«(ygnbrémic‘pﬁbig) 6‘oktqined}ns‘n~re581£
of vertical-oblique yhatpgrépbxjgih itsu§}9é§¢§ié$; intiﬁsxéentrqgipprticn
it is similar to a vertical aerial photo anélismgimiiég to an bbiique
:photo along the sides, V - 7

continuous-strip [shchelovoy] aeriul plioto < obta:ned ag 'r@édlt‘§f

aerial photography with a -wpecial: (slit):aerial daméray i% rapreséntgxa

continuous (without discontinuities)  photographi¢ image oI a atrip.of -terrain

in the form of a strip fop thé entire-lenpth of the eﬁpgsed~photbgiéphic

film; continuous strip aerial photés ‘may bé vertic¢al :and obligue; their

measurement properties- differ semewhiat from the propérties af regular (frame)

aerial photos = tha transverse-and langftudxnal scdles of :the picture may
differ by 10%-or-more; .

spectiozonal' photo- - a phutograpuic dimage of objects in artificial
colors; most often one c¢olor (usudliy blue) corresponds. to the spectral
zone of visible: rays {this colop portidys objedis represented-iw Tegulay
black ond white .aerial phetos by a gradation of gray tonesl; ancther tolor
(usually purplé) correspsnds to the gpectral zotie of infrared {(heat) rays;
the. combination-6f the iwe imagds if &he photo. (visible and infrared zones)
pernits *hé'f‘ﬁdihg‘ofléﬁjécts~camoufiqged if the coler of the Zurrouading
backgrond, diaclasing additisnal characteristics of terrain ir fTidabl ity
etc.;

coiorcd photo = d photegraphic 1magc,o. Objﬂ sty in colers glose to

natural co!ors; its intarpretntiVe qualitias arc zomevhat ‘higher than
black and. white phntos.r; -

"
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ASPG A ,
AERGSPYEMKA _
Aerial photbgraphy. Aerial photography for the purpose of creating and
correcting topographical .and special maps, as-well &s .solving problems in
land management, timber management, geological explerations, ~oad surveys,

‘etc.

A3POPOTOLOKYMEHTH

AEROFOTODOKUMENTY

Aerial photo documents. Aerial photos (see), mosaics (see), photo-
maps (see), photocharts-(see).

ASPOP0TQPA3BEIKA

AEROFOTORMZVEDKA

Aerial photoreconnaissance. Reconnaissance of the enemy and terrain
by means of aerial photograpﬁyv

ADPOBOTOTONOTPADYA

AEROFOTOTOPOGRAFIYA

Aerial phototopography. A technical discipline examining methods
dﬁé means for creating topographic maps from aé¢rial photographic materials.,

The creation of topographic maps by aerial photographic methods in-
cludes: aerial .camera work (photography of the terrain), photo laboratory
work~(processing the film and duplicating the aerial photos), geodetic work
(tying the aerial photos to the terrain by determining the coordinates of
individual points depicted on the aerial photo), photogrammetric work
(determining directions, distances,. and heights of the terrain from aerial
photos and compilation of the map original).

BAJIKA-

BALKA

Ravine, A depression with comparatively steep sod~covered slopes.
In the souther European part of the USSR, thése ravines [balka] are also
called gullies,

BALTISRAYA SqSTIA YIS0

Brltic system of elevations. Copputation of absolute elevations from
the average level of the Baltic Sea whisl, is taken as the origin for cal-
culation on topographic maps of -the [SSR,

BAPXAHN

BARKHANY

Sand dunes, barkhans. loose sundy hillocks, uniixed by vegetation,
with the shape of a half woon and with convexity againsg! the winds They
have a gehiay sloping windward side (5-10°) and & 2fsep izaward r£i.» (up to
30-35°) znd a sharp ridge. Moste often, the herght of thu =and dus. = is
3~5 metors; however, dunes up to 50-100 motors high are eucountered. The
sand duynes ars difficult to cross. The dunns way displace slowly hecause

af the winu » wtion.
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RA-011-68 7
BEPIYT'PHX
BERGSHTRIKH
fee hachures [Ukazatel skatal.
REPFI" MOPCKO/A
BEREG MORSKOY
Sea coast ‘(coastal zone). The boundary between land and water
which almost always- represents: a more or less broad strip of ‘their con-
‘tinuous isteraction.

FEPEIOBAA Ji4HUA
B@REGOVAYA~§INIYA

Shore line. The boundary between land and suiface of the water (water's
edge). On maps; .the shore line is shown: for the mean level - in bodies
of water which have ng tides, with high water -~ with the presence of high
tide -~ low. tide phenomena.

BUNONAPHYE KOOPOMHATH

BIPOLYARNYYE KOORDINATY

Bipolar coordinati:s, Linear or angular values which determine -the
position of a point on a plane relative te two initial points. These values
may be the distances d1 and dz from points A and B (fig. 1), interior angles

.« and B, or the azimuths of the lines of direcction A and Aﬁ.

H
c PN ¢
7 N\
P A/
A
Ll = {2\
¢
\ 4
) J
o 0

Figure 1. Bipolal: coordinates:
Tops of ~vrows - north; bottoms of arrows - south.

BAAHKOBAA KAPPA

BLANKOVAYA KARTA

Blank ¢harty base map. A topographic map printed in a pale*toie in
one or saveral cclois. Blank charts obtained by enlarging topographic maps
of a smaller scale are usually called enlarged blanks. The blank chart
is used by staffs as the base for graphic documents.

BOTROR ERBER,

Battle crest. Terrain ncar a watershed (see) from which the best
downslope survey develops but troops and equipment are not in «vidence

against the background of sky when observed from the enemy side.
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ROEAWE PPAPHYECKHE JOXYMEINH
BOYEVYYE GRAFICHESKIYE DOCUMENTY s

Graphic combat documents, Combat documents worked out grapbically oh !

a map, blank-chart, overlay, or aerial mosaic.

BOJIOTA

BOLOTA

Swamp. A wet terrain scctor with a layer of viscous soil {peatymud) ‘
of more than 30 cm. Terrain scctors with a layer of wet soil less than Jo cm ‘

are called. swampy lanil,
Swamps are divided: by feeding - 'into lowland swamps and upland swamps;
by plant cover - ifito meadow swamps (primarily lowland), wossy swamps

(primarily upland), and forest swamps; .by /structure - pea’ bogs dnd marsh

2N

swanps.
Lowland swaiips forassy, reed, afid’gthers) are located in the flood-

plains of rivers, valleys, basins, and other relief depressions; they are

v Wt

fed primarily: by ground water., Lowland- swamps are usually greatly water-

logged; dry out pooriy in summer, and are negotiable with difficulty.
Upland (mossy) swamps are fed by atmospheric water; they.-are located

on watershed expanses. Upland swamps dry considerably in the summer

and their trafficability is somewhat better than- that of lowland swamps. ‘
Continuous peat bogs are bogs in which a continuous layer of peat

oceurs -in the more or less hard soil. Continuous peat bogs with compact

peat are more accessible in comparison with .others.
Marsh swamps are those where the .poorly bound peat mantle lies on a

viscous, muddy sediment of the residues of orgdnic subsiances {sapropel)

or floats.on the water (floating sanp). Marsh swamps are least accessible.
BPOBKA
BROVKA :
Brow. The line of the bend of a slopeibelow which the slope becomes ~

steeper, for example, the edye of a gully, ravine, ectc.
BPOA
BROD
Ford: A shallow scction of a river accessible for ¢roséing along thu t
bottom. A ford may be discovered by means of reconnaissance, as well as
from topographic maps, descriptions, sailing directions, and aerial photos.
The most important signs of a Tord are the approaches to it and roads,
paths, and tracks which continue on the other bank. 4
BUGRISTYYE RSHI
Hummocky sands. The sandy surface of the desert; hummocks up to
8 meters high with gently inclines, slopes fixed with sparse vegetation.

Humrocky sands are cusily trafficable.

w
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BYCCOAL:

BUSSOL!

Aiming circle. An artillery fire centrol instrument, which represents
& combination of an optical and angle measuring instrument with a declinator
(box with magnetic:needle), Aiming circles made with a periscopic attach-
ment (which permits observing from behind cover) .are called periscopic
artillery aiming: circles (PAB).

BENIHYUHA MACHTABA

VELICHINA MASSHTABA

‘Scale value. The distance on the ground which corresponds to 1 cm

on the map; for example, the scale value of a map ~f 1:100,000 is 1 km.

BHRHPORAHUE .
VIZIROVANIYE

Sighting. A p .cedure for eye surveying and working with a map on the
ground:

direct sighting -sighting "on the object! along a straightedge :
placed .on an oriented map against the point of the station;

reverse sighting - sigkting "at one's self from the object'; the
straightedge is placed againsi the depicted object on the map and directed
toward the sanic object on. the ground.

BOZOPA3AER

VODORAZDEL

Watershed, divide. 1. A characteristic relief Tine - a line
which divides the surface runoff of two opposite slopes of a range.

2. A line (or strip) dividing the basins of two rivers, seas, or
oceans.

BOFOCANB (BoncTox)

VODOSLIV (Vodotok)

Runoff (catchment arca). A.characteristic relief linc - @ line along
the bottom of a depression (valley, ravine, etc.) which is the axis of the
channel of a river or of temporary streams of water.

BOEHHAA TONOPA®HA

VOYENNAYA TOPOGRAFIYA

Military topography. A military discipline concesning the mears and
mothods of studying the terrzin and orientation upon it in the preparation
and conduct of caembat actions.

The bosic problems in a course of military topography are: tactical
properties of the terrain, topographic maps and procedures for work ng
with them, map study of the terrain, aecrial photos of the terrain and their
use in making an estimate of the enemy and the terrain, oricntation on the
ground, target indication, methods of measurement on the ground and the
preparation of sketches, methodology for the topographic training of troops,

and geodetic survey support of troops.
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SOEHHO-TEOI'PAPHIFCKOE OMHCAHHE MECTHOCTH
VOYENNO-GEOGRAFICHESKOYE OPISANIYE MESTNOSTI.

Military-geographic terrain description. See Terrain descriptibn

_[opisaniya mstnostil.

BOEHHO-TJIASOMEPHAA CMEMKA
VOYENNO=GLAZOMERNAYA S"YEMKA

Military sketching by eye. The sketching of small sectors of terrain
and routes of march with the use of simple instruments (comgqss, binoculars,

engineer's scale, etc.), and with the'wide use of estimation by eye. As

theaters of military operations were supplied with topographic maps, military

sketching by eye lost its independent significance. Now, its procedures
are cmployed for plotting various objects on a map and the preparation of
several .graphical documents.

30EHHO-TONOPAPUYECKAA CJVKBA  (BTC)

VOYENNO-TOPOGRAFICHESKAYA SLUZHBA (VTS)

Military topographic service. One of the services of the Soviet Army.
The VIS consists of headquarters organs, special chast', .enterprises,
military educational institutions; scientific-research organizations, and
others. It is concerned with the geodetic survey preparation of probable
theaters of military operations ahead of time, as well as with the geo-
detic survey support of combat trairing and the combat actions of troops.

BOEHHO-TONOTPAPHUYFECKOE ONHCAHHE WECTHOCTH

VOYENNO-TOPOGRAFICHESKOYE OPISANIYE MESTNOSTI

Military topographic description of the terrain. See Terrain
description.

BO3LYIIHOE $OTOrPASHPOBAHHE

VOZDUSHNOYE, FOTOGRAFIROVANIYE

Acrial photography. Photography from flying machines (aircraft,
helicopters, balloons, drones) using aerial cameras. It is conducted
primarily for:

aerial rcconnaissance of the cnemy and térrain;

the compilation and correction of topographic maps;

checking the course of combat .operations of troops and the results
of the destruction of targeis by the weapons of artillery, aviation, and
missile troops;

survey preparations for »{,<«i‘e troops and artillery;

checking the quality of cam: ilage of friendly troops.

The basic types of acrial photugraphy are:

vertical - photography in which the nziical axis of the gzerial camera
at the instant of exposure coincides with the vertical or deviated from it
by a small angle, up to 3-5° with gerial photography for cartographic pur-

poses and up to 30-25" in aerial reconnaissance;

T RS AR )
P PO xR
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oblique - photography in whichthe optical axis of the aerial camera
deviates from the vertical by a-considerable .angle, usually-more than 45°;

vertical and oblique (panoramic) ~ photography in which the neriai
‘camera performs vertical and oblique photography- during one exposure of a
frame; this provides a great width of ceverage of thg'terra}n\being
photographed;

separate - photography of individual objects in one or twoe photos
(airfields,. bridges, eotci);

strip - photography of a strip of ter¥ain (route of march, river,
etc.) on a series of interconnected (partially overlapping) derial photos;

area - .photography of a terrain sector (defensive zone, fortified
area, etc.) on a -considerable number of aerial photes.disposed in several
routes;-

night -~ photography with artificial illumination (pyrotechnicul and
electrical sources);

aerial motion -picturc :photography. (AKS) - photography -with an aerial
motion picture camura; performed only during the day and primarily fiom.
low altitudes for the reconnaissance of mobile objects and the terrain
with the necessity for its study by a large numbse of people simulta eously;
the viewing of the motion picture films is accomplished on a special in-
strument (motion picture interpreter) or by seans.of regular motion picture
projectors;

continuous strip - photography with a special aerial camera; exposure
of the film is performed through a narrow slit; in this, the film is rewound
at the rate of the ground speed of the airplane at the scesle of photography.
Continuous strip photography is possible from any altitudes (including from
low-level flight), under conditions of poor visibility, and at extremely
high flying speeds (gpc acrial photo).

BPEMA
VREMYA

Time. 1. - Local time, the time at all places located aleng one
meridian. 2 - Zonal time, a single vime within the limits of a time zone
{1dcal time of the mean meridian of the zone). 3 ~ Statute time, the time
introduced by the statute of the Soviet government on the territory of

the entire Soviet Union from 16 June 1930; it is ono hour ahead of zonal
time,.

BHCOTA

VYSOTA

Height, altitude. A positive relief form which is distinguishable
against the surrounding terrain. On topographic maps, heights are usually

accompanied by spot altitude readings, for example, "245.6," which is
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used intafget Indicationi

inthe absehce of a-Féading or the name of the
‘height $¥self, the-dround-iy called "dameless':

absoluts altitude = the oltitude of a. point of ‘the earth's surface
.above seca léVéiifiﬁ*ihéfUSSRg,thﬁqjtug mean- level of .the Baltic ‘Sea);

conmaiiding-haight - an eﬁiﬁgbéejﬁﬁouﬁtnin, hill, mound, etc.) which
i aistinguished by it# 'height and which predominates above the surrounding
terrainy the altitude Péndings 6f commanding heights: are written on .the map
in bolder léttersy - - ) T

relative altitude - the difference in height between:two points (or
surfaces). The relative altitude of a point is determined as the
differense in thg absélute altitudes of the points.

BECOTA CEMEHHA. PEARRMA

VYSOTA SECHENIYA REL'YEFA

Contour interval. The distance between two adjacent primary altitude
contour lines. The contour intervals indicated in Table 1 have been
adopted on Soviet topographic maps.

Table 1

Contour Intervals

1 2 Ducors ceqeunn, ¥
M 6. " nopuasbHan \ et ’
AT AEpIS Larg pasiiior | aan ropuod | AL INEr. | rwmunnon
3 uecriocru A - Hoem' o uectnocru
1:10 000 2,5 5,0 — 2.5
1:25 000 5,0 5,0 10,0 2,5 .
1:50 000 . 10,0 10,0 20,0 10,0
14100 000 29,0 20,0 10,0 20,0 *
11200 000 40,0 (20) 40,0 80,0 40,0
1:500 000 50,0 100,0 100,0 50,0
Key: 1 - map scales; 2 - contour interval, meters; 3 -- normal for
hilly-flat terrain; &4 - for mountain terrain; 5 - for ligh

mountain terrain; 6 - for plane-flat terrain.

The contour interval on maps with a scale of 1:1,000,000 is established
dépending on the nature of the terrain. With absolute altitudes up to
00 meters, it is taken as 50 meters, from 400 to 1,000 mcters, as 100 meters,
from 1,000 to 2,000 meters, as 200 meters, and above 2,000 meters, as
25U meters.
[CATb
GAT )
Causeway. A transverse decking of logs on roads which cross over

swampy terrain sectors.

TEQPPAYHYECKAA CETKA (xaprorpafstueckas cerka)
GEOGRAFICHESKAYA SETKA (kartograficheskaya setka)

Geographic grid (cartographic grid). The grid of parallels and meridians
on maps.
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P?OPP&@HWECKHE KOO@HHHA?H

GEOGRAFICHESKIYE KOORDINAT

Geographic coordinatés. Angular values (latitude @ and longitude })
which determine the position of a point on the earth's surface. The value @
is determined by the angle which is formed by the perpendicular line
drawn through the given point and the plane of the equator. It is read
(fig. 2) north from the equator from O to 90° {north latitude) and from

the equator south from O to -90° (south latitude). The valuc ) is deter-

mined by the two-sldes angle which is formed by the plane of the prime
meridian and the plane of the meridian of the given point. Reading is
conducted. from the prime meridian to the cast from O to 180° (east

longitude) and to the west from O to -180° (west longitude).

Figure 2. Geographic coordinates.
Left meridian: ~ prime meridian; right meridian - meridian of point;
upper parallel - parallel of point «#f; lower parallel - equator.

I'EONIESHYECKAH BABAYA OBPATHAA
GEODEZICHESKAYA ZADACHA OBRATNAYA

Inverse geodetic problem (on a plane). Determination of Y-azimuth
from one point to another and the distance between them from the
rectangular coordinates of the initial points. The inversc geodetic problem
is solved by the formulas

where b=
Xpy Xgo Ype Yp are the coordinates of the initial points;
o is the Y-azimuth from point A to point Bj

D is the distance between the initial points.
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FEOAESHYECKAR- SALAYA TIPAMAR
GEODEZICHESKAYA ZADACHA PRYAMAYA
Direct geodetit problem (on a plane). Determination of the coordinates
of required point B from known rectangular coordinates of initial point -A,
the distance between thém, and the Y-azimuth of the line of direction from
the initial point to the point being determinéd. The direct geodetic problem

is solved. from the formula

n

Xg = X, +.D * cos o}

Yy = Y5

+ D'+ sin gy
where

Xy Yp arcthe-coordinates of the point being determined;

X)) ¥, are the coordinates of the initial point;

D 1is the distance between the point being determined and the initial

.point;

‘w 1is the Y-azimuth of the line of direction from the initial point

to the point being det~rmined.

TROBESHYECKAA FHHHA

GEODEZICHESKAYA LINIYA«

Geodetic line. A line which conneéts two points on the terrestrial
ellipsoid (see). It is the shortest distance between given points on the
surface of the ellipsoid (the shortest -distance on a plane is a straight
line, on a sphere -~ an arc of the great circle).

P'FOLEHYECKHE KOOPUWHATH!

GEODEZICHESKIYE KOORDINATY

Geodetic coordinates. Values which determine the position of a point
on the carth's surface on the terrestrial ellipsoid (see): B - latitude,

L ~ longitude, H - distance from the surface of the terrestrial ellipsoid
along the normal to it to the given point on the earth's surface. Geodetic
coordinates are determined by computation from the measured distance and a
line of direction from some other point with known astronomic coordinates
and depend on the accepted dimensions of the terrestrial ellipsoid and the
coordinates of the initial point. 1In the USSR, the center of the Round
Chamber of the Pulkovskiy Astronomical Observatory is taken as the initial
point with coordinates: 59°46'18.71"N, 30°19'38.55" E.

Geodetic latitude and longitude are similar to astronnmital cdordinates
but their values differ somewhat due to the deviation of the perpendicular

line (on the earth's sphere) Trom the noxmal of the terrestrial ecllipsoid.
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. TEODESMVECKMA TVHKT
4 GEODEZICHESKIY PUNKT
Geodetic point. A point which is firmly fastened on- the terrain by an .

underground markér {monolith and others) and a surface structure in.the form
of a signal, pyramid, etc.,‘the coordinates of which are determined with
high accuracy in accordance with its order. Geodetic points are .used in
creating topographic maps, for the tie-in of elements of the combat forma-
. tiéns of .missiles and artillery, and for other precise measurements. The
aggregate of geodetic points comprises the geodetic net. Coordinates of
geodetic points are systematized in the form of catalogs which are published
,and issued to the troops.
TEOZE3NA
- GEODEZIYA
Geodesy. A science, the subjects of which are determining the’ “hape
and dimensions of the earth; the portrayal of the earth's surface on planes
, and maps, and the conduct of precision-measurements on the terrain in
accomplishing various engineer and other measures.

Geodesy includes two basic disciplines, higher geodesy and topography.

o
P

The main task .of higher geodesy is the determination of the form and dimensions
of the earth.as a whole and the creation of a geodetic bhase for the study
of the geometric qualities of the earth's surface. The m&in tasks of topo-
graphy are the detailed study of the earth's surface and its portrayal on
planes and maps as well as the performance of various measurements on
the ground in accomplishing engineer, fire, and other missions.

rkoma

GEOID

Geoid. The shape of the earth formed by the imaginary flat surface
of the mean level of the ocean. In its shape, the geoid is clouse to an
ellipsoid (a solid formed by the rotation of .an ellipse around its
shialler axis).

'HPOKOMITAC

GIROKOMPAS

Gyrocompass. An instrument for orientation according to the directions
of the compass which is not subject to the influence of the magnetic field.
The action of the gyrocompass is based on the property of a frecly suspended

body which rapidly rotates around its axis (the gyroscope rotor) to countier-

. act external influences and preserve its initial position; with the
corresponding improved equipment of the gyrocompass, its rotor enters the
plane of the geographic meridian, i.e., the planc of the carth's axis
of rotation, and retains this position subsequently regardless of the

turns of the object on which it is installed.

Pl e Sy SN S )

TR T T T T
s
:
.
§
.
.
.
.




me 4 Nevn e e w Tews < e e

#
RN LA

THPONGAY KOMIAC Lo
GIRQPOLUKOMPAS
Directional gyrd. A navigational instrumént intended for holding
direction -of+morement under concitions of difficult .érientation. The

o e AT LSRR

sensitive elemént of the directiornal gro is- served by a. free.gyroscope

‘placed in.a metal -housing with a. window (see fige 72) in front of which.
: scale with divisions is fastened.

it et

P e

The course of ‘the machine (direction 6f movement) is estimated from

.

the mutual position of the scalc (fasténed on the axis of the gyroscopé!s.

Curdan. suspension) and the index firmly connected with the instrument housing

(R

and) .consequently, with the machine; when the machine ‘turns, the reading
on the scale changes by the angle of turn.

amrihd
Bk b e 4 D T e

P

By means of the directional gyro, the machine's course of movement can.
Jbe maintained with an accuracy on the order of 1 - 2° with a duration of

continuous:operation (without reorientation) of not more than 1.5 hours.

s e twiote, naviat s T 7

the opposite coordinate marks.

TAABHAR BEPTHHAND %
GLAVNAYA VERTIKAL' g%:
, Principal vertical. A line which passes. through the- principal .point 3
£ of an aerial photo (see) and the point of the nadir (point of intersection —%§?
i of a vertical line dropped from the center of the objective lens at the ég
instant of photography with the plane of the photo). Zé‘
[YIABHAA FOPHIOHTAJS )
GLAVNAYA GORIZONTAL i
Principal horizontal. A line perpendicular to the principal vertical Ei
(see) and passing through the principal point of the aerinl photo (see). ?T
. :
R T AORORHIN A s ’
Principal peint of an aerial photo. The base of a perpendicular dropped ?
from the center of the objective lens to the photo. The principal point L
of an acrial photo is located in the center of the photo and is determined i
by the intersection of the corresponding tick marks or lines which connect f .

4

PJASOMEPHAA C''EMKA
LAZOMERNAYA S"YEMKA

Sketching by eye. See Military sketching by eye [Voyenno-glazomernaya
shyemkal.

TJYBHHA VKFATHA )
GLUBINA UKRYTIYA

Depth of defilade. The vertical' distance from a gun or other object
to the ray of vision which goes from a known or probatle enemy observation
¢

post across the apex of a covering barrier.
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T OPHAGHT -
GORIZONT ] ) -
Horigons (& flortion of the eaftliva subfave vi&ibls oH.-Gpéy:

ble horizon

4§ dnsreasto with o dhgredee: 1n e -helphit of the ebsorver's fogition.

" ihgEgno with AHE eatthe

RO

5

GURIZURIALY

Coptour lifie. A

wrEigon® 4y d180-given to 1

yevrhilchocon

{§ points ol reliefiwith the same

) fgiT‘!:i::_‘Eggév.«gbgyél”sﬁiiké;’évéi}';S’xj, avmapy N Soviel topogra.ph}c waps, the following

Ehitour Hifes re alslinguishby

“hadnuheavy. Sohteur Tines {eagh (iftm-main: gontour line) = for conveniénce
4n-dethrpihisig the relief, it is distinguizhed By dncreaged- thickness;

moin confols Lineg Which -corresiond o the contour dnterval (see con-

Aéur inverval f[Jyysola secleniya x,‘nél:'yéf;x‘-})‘: —ivdepi‘_c‘:tcdugh a map by a con-

Ainuobs-henty 1ifies

add@itichial {ha¥f~contour) lines = $howh.as a thin brokén linc every

- -Gk cortour intervaly

auxilisey conksiir Iinés ~ showy ag stiort séetjons-of a broken curve at

ah. arbitrary finight {£of example, every 0.25 contour interval).

TOPAAONTATEHAR TTBORIIMA.
* GORIZONTALYNAYA PROYEKTSIYA.

Horizontal {cithogoha)} ‘projection. 4 :meibod of projecting (transferring)

noints, 1i

nes an

d, dbjects-on a.iiwvrizontal -pline with streight lines per-

pendiculai to it {¥ig. 3}, whero D'is & ¥ine projected to the horizontal

Prane Py, Aa and~Bb are Yinos peypendicularto the plane Py d is the hori-

zontdl projection of the YineD; o is i angle of incline of the straight

Tiie to. the horizontal piane,.
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e
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‘Horizontal projection..
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The horizontal :projections of points, lires, and terrain contours
are depicted on a mab:lbiﬁn). The horizontal projections are always shorter
than the sloping lines{Table 2).
Table 2

Reduction in-thy lengths of sloping lines on maps.

+

2

| &'[o:x: {n.\&ﬁ:. rpraycu | Yuensuenne AAHHIR AMUHK M3 K3IpTE, Yy

Key: 1 - Anglté.of Blope, degrees; 2 - reduction in length of line on
map, %.

POPHAOHTANILHOE -IPONCREHIE
GORIZONTAL'NOYE 'PROLOZHENIYE

Horizontal projection. See horizontal projection [gorizontal'naya.

-proyektsiyal.

POCYLAPCTREHHAR MEONEIUYECKAA CETh
GOSUDARSTVENNAYA GEODELICHESKAYA SET!

State geodetic hiet. The- aggregate of geodetic points (see) disposed
on a certain order on thé-territory of a country (usually in the form of

triangles). The state geodatic net is divided into classes depending on

the distance between. the .geodetic. points and the precision of their deter-

mination; first-order points are determined most precisaly.

PPABMMETPHYECKHE JAHHME .

GRAVIMETRICHESKIYE. DANNYYE

Gravimetric data. Véiues which characterize the earth!'s gravitational
field; they are used in calculations of flight trajectories of rockets which
are launched over great distances (sce gravimetryi[gravimetriyal, gravimetric
charts [gravimetricheskiye karty]).

PPABHMETPHYECIHF KAPTH

GRAVIMETRICHESKIYE (KARTY

Gravimetri¢ charts. Special charts on which data on the values .of
gravitational anomalies are given. Gravimetric charts are prepared on the

territory of dry land, as well as on expanses of water. The basis of gravi-

metric charts is provided by yeneral geographic (topographic) maps on which *

lines of the same gravity anomalies are plotted. These lines are called
isoanomalies. The isoancmaly interval may vary; on a gravimetric chart with
a scale of 1:1,000,000 the isoanomalies are drawn every 2 mlg (milligal

[see gravimetryl). Gravimetric charts are intended primarily for the
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+ -determination oﬂ'gfguj@étrfétﬁafﬁvﬁﬁhéggaiy.Tdr'tﬁé‘éfl gl&@i 10F- trA - : }2
Jectories df‘artifibial’sateilﬁteE:éhéufdﬁ ity with g grea énge of flight - - %é
(sée gravimatry « [gravzmoiri)a} A ] L ) T ) - %ﬁ

TPARIRSETHIA S : »

GRAVIMLTRI‘{A . - - - ,a
- ~Grgv;m9try, Thp,scichcexp?,®e§$pté§éﬁt~otfvaiu§§.whi§hugﬁdractbrize “%
the -2aith's. paghctic Tield. Gravity on thﬁ;eqrtﬁ i%‘&hé:rgSQchnt of wtwo: iﬂ
forces, the ﬁitﬁacfiwe foree -of q’givendbddy;dhg~th¢‘c¢ﬁt?ifugdl~Torgev ] i}
whichfdfises #8 ¢ result of ihe-earth's rotatien. Thexéontriiubdﬁ force . ;}
achicvos itg.mpxifiim at the parth's cquntor, but -even: hc!c it comprises éhly lgt

,d/ 88& of: “gfavity.. On the Surfaca-of thé earth, gravity depénds primgrily on .

Sz

-the -distribution. of density vithin {lie caFth and on:the shayé -and.dimensions

o
&

»Qr the eartht's $u¥face,

2 Ex R

”

The basic physical value which is. studiad 3pn gravimelry iz the accéleras

3

tion of graviiy -(desighated by the letier g). The gal serves ay the upit of §~
measurement of g: I gal = 1.cm/vec®; one thaurandibs of this value is-called ;2‘

. - - . >
the-mid ligal: (1 -mig)s On the carth's uurfabng a changoes approximately

YAt a g

from 978 to 983 gals, incrensing fror the equator towerd the poles and: do-
creasing -with -an increase in nl@itudo;

Gravity 15 detormined by meons. of special ingtruments - gravimetlaers,
which permit deiermining acceleration with en accuracy of up io 0.3 = Q.4 mlg.
The differcnce beiween tha actually dutcrﬁiﬁed.grnvity xeduced to sea level
and the theoretical value is cnl;ed a gravitaMonal anomalys. The values

6f the gravitationnl anomalies ave -used-isn ¢ ilculations of the lrajectories
of artificial satellites and long-range misviang. From the values.of ‘tlie
gravitational anomalies, one -can find the dov'ation. of o perpendicular

iine at a given poinkt on the carti's surface -titom dhe mormal to 4he surface
of ah ellipsoid. The size of this deviation a4 uged  in «changing from
astronomic coordinates to geddetic coordinates fsee gravimetyic charis
[oravimetricheskiye karty]).

PP
GRAD

Grad. A unit of the decimal systoem of arpulad measurements which equals
0.01 straight angle of 0.9 degree. The grad iy "ivided dnto 100 metric

minuteg; ocach metric minutes jis- divided into 163 qudnic seconds.

PEBEHD
GREBEN?

Crest. The uppor portion of a ridge which g fblus the watershed

line (se=). Tojographic cresta and military creste [see) are distinguished.
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[PYHTOBKE JOPOTH
GRUNT'OVYYE DOROGY

Dirt roads. Vehicular and horse-drawn transport roads with a naturak

base and surface: improved dirt roads, dirt (country), field, and forest

roads.

TPAIOSHE NECKY
GRYADOVYYE PESKI

Ridgy sands. The sandy surface of a désert in-the foim of a ridge
up to 20 to 30 meters high with a steepness of slope ¢f.up to 20° extending
along the direction of the prevailing winds. Ridgy $ands are usually
«covered with sparse vegetation and are relatively easy to cross, particulan@y

along the ridge.

LENEHYE YIVIOMEPA (THCawAan)
DELENIYE UGLOMERA (tycyachnaya)

Mil. The central angle Subtended by an arc which equals 1/6000%
of the length of an entire circle. The length of the arc of an angle of one
mil is approximately equal to O;pOlmradius (rang=). One hundred mils, some~
times called small mils, make ¢ni» large mil. An example of the recording
.4nd reading: 4-36 is four thi .y-sixiwiich means 436 small mils or 4 large
mils and 36 small mils. (Fyr the-coiorgion of mils to degrees, see Section 4,
Chapter XII).

FEVACKHPYOUME %3353
DEMASKIRUYUSHZHSSE MREZNAKL

Revealing sisms. The dgg agoto of signs from which it is possible to
identify various objeats dp- «erial photos. The following basic revealing
sighs are distinguishsg: shape, dimension, tone (degree of darkening of the
emulsion), «iadow, .mitual disposition, traces of troops activity (for greater
detail, see Section £, Chapter IV).

The terim Y“cevealing sign" is also used in a wider sense - as the indi-
cations and information from which data on the cnemy'!s situation and

intentions are disclosed.

DRLUR
DEFILE

Defile, A narrow passage between obistacles (abrupt folds in the relief,

swamps, lakes, eic.) which is usually used to stop the enemy by the defending

treops.
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LBIHPPHPOSAHKE ASPOCHIMKOB
DESHIFRIROVANIYE AEROSNIMKOV

Acrial photo interpretation. Determinatiol ofi-quantitative and
qualitative characteristics of the terrain and cheny fiom.aéeiai photos (for

greater detail, sce Section 8, Chapter IV),

JHYPEMIMOHHLH . YO
DIREKTSIONNYY UGOL

Grid azimuth., The angle between the northern direcctiont p. the vertical
liné of a coordinate grid and the linc of direction to an object, read in

a clockwise direction from 0 to 360°.

BOJPOTA TEOPPATHYECKAA
DOLGOTA GEOGRAFICHESKAYA

Geographic longitude. See .geographic coordinatés [geograficheskiye

koordinatyl].

JIOJIKHA
DOLINA

Valley. Elonygated, usually winding, negative torm of relief which
lowers in one diréction and is formed by two slopes, thé iptersection of
which represeits.a thalweg - the lower zone of the valley bottom, usually
occipied by a channel of a permanent or intermittent runoff. Valleys with
;ertical slopes arc called canyons and if, in addition, they are very
narrow, they are called jorges or notches. Comparatively small valleys

devoid of permanent runoffs are calzed lollows,

HOMOJIHUTENEHAA «#TKA- HA KAPTAX
DOPOLNITEL*NAYA SETKA NA KARTAKH

Additional grid on maps. Coordinate jrid i: the system of an adjacent

zonyvs It is plotteod uvn a map with special tick marks on sheets locoted

along the border of each zone (for greater detail, see Section 7, Chapter 1II).

HOVOrH
DOROGY

Roads. More or less improved routes intended for constant or prolonged
movement over them. The following roads are distinguished: railroads
[zhelusnyyel (see), vehicular and horse-drawn transport roads [avtoguzhevyye
doru,y} Isce), and paths [tropyl (sec). The most important roads which con-
nect cowdving, oblast!, industrial arecas, large centers, etec., are called

wain lines. .
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‘Withvrespect to the relative disposition (actions) of the troops, the
following are distinguished: frontal roads which go from the rear toward

the front, and lateral roads which go approximately paraldiel to the front
line.

DK HH

DYuny

Dunes. Sand hills with a crescent-like shape in a plane which is
fofmed under the influence of the wind from unfixed sands. The height of
dunes reaches 300 meters. In contrast to barkhans, the "horns" of the ends
are directed agoinst the wind. The slow movements of the dunes are

possible under the influence of the wind. Dunes are negotiable with diffi-
culty.

FCTECTBEHHLE LACKM
YESTESTVENYYE MASKI

Natural masks. Elements of the terrain which contribute to the
camouflage of troops against enemy observation from the air and ground
observation posts.

Natural masks are: clements of the relief (gullies, precipices, and
other uneven terrain); vegetation (forests, brush, high grass, gardens, and
others); structures of all types, fences, ditches, haystacks, ricks, and

other local objects.

ECTECT3EHIHE NPEAATCTBIA
YESTESTVENNYYE PREPYATSTVIYA

Natluial obstacles. lLocal objects and clements of relief which cause
the delay or stopping of the movement of troops and thereby hinder their
combat actions. Most widespread are: rivers, ditches, lakes, muddy swamps,
steep slop*s precipices, gullies, densc woods, buildings anl various

structures, - kments, depressions, etc.

RCTECTAEHHNE ¥ KEFTHA
YESTESTYENNYYE UKRYTIYA

Natural cover. local abjects and elaients of vhe relief which favor the
cover {protection) of the troops and cquipment against enemy fire and observa-
tion. As natural cover, use is mude most often of ditches, pits, depressions,
gullies, wash-outs, precipices, ocmbankments, basements, caves, various

stronq structures (stone, brick, ferroconcrete), ctc.

—— TEAT

e E




RA-011-68 2

$ENESHLE. IOPOTH
ZHELEZNYYE DOROGI

Railroads. Roads of rails on a m . ¢ or less substantial foundation.
Railroads are differentiated: by width of track - wide gauge (normal) and
narrow gauge, by.’means of locomotion - electrified and non-electrified;
by number of -tracks - single-tracked, double~tracked, and with a larger
number of tracks. The width of track of Soviet .railroads is 1524 mm and
of narrow gauge tracks, 750, 900, and 1000 mm. ‘The most widespread width

of track of foreign railroads is 1435 mm (up to 65% of the railroads).

GAJIOYEHHE CKATA
ZALOZHENIYE SKATA

Horizontal projection of the slope. Sec Slope [skatl:

SAVETIH

ZAMETKI

Sketch notes. ‘A graphic representation of characteristic poitits and
lines of the relief (fig. 4)i divide - a continuous dine with an arrow in
the direction of the drop of the ridge; runoff - a troken line with an
arrow in the direction of «drop of the depression; summit - a closed con-
tour line which gives its outline in a plane, wi:h indicators of the
slope; saddle - a dotted figure which gives the plane outline of the
saddle. Sketch notes arc used for the rapid sketching of characteristic
forms of relief from the actual ground or from a wap in. preparing terrain

sketches by eye.

n
= Bapwune

Figure 4. Sketch notes.

1 - divide; 2 - summit; 3 - saddle; 4 - runoff;
5 - runoff; 6 - bottom.

SACEYIA
ZASECHKA

Intersection. A method of determining the position of a station or object

ftarget, reference point) on a map by the intersection of two or more lines;

s




SRR e bt et

G2l

Sy

oo

R

o v

£ £ LG

i lat

“

T ety e - . _ -
PREAE T A o 2. g s R

RA-011-68 ’ 25

the point of intersection of the lines corresponds to the position of ‘the
object (station); !

diraect intersection ~ the position of an ubjvet is deteimined by the
intersection of two lines which are formed by direct sighting on the object
from two stations, the positions of which are known on a map;

resection ~ the position of a station is determined by the intersection
of lines obtained by the reverse sighting "on one's self" at three (at two
if the map is oriented) reference points, the posiéions of which are known
on the map;

combined intersection r the position .of an object is determined by the
intersection of two lines of direction which are formed by direct sighting
from a reference point to the object and reverse sighting .from the object
to another reference point W(the positions of the referencespoints should
‘be known on the map);

compass intersection - the position of a station or object is deter-
mined by direct intersection, resection, or combined intersection with the
use of a compass, by measuring the azimuths of the required lines of direction

and their subsequent construction on the map from Y-azimuths.

BAUHTHUE CBOACTBA MECTHOCTH
ZASHCHITNYYE SVOYSTVA MESTNOSTI

Protective properties of the terrain. The aggregate of natural cover
which, reduces the injury to personnel and equipment by .nuclear weapons and
which, is used in organizing the protection of troops against weapons of mass
destruction. The best protective propertiés are possessed by abrupt and
deep folds in the relief (julles, wash-outs, depressions, gorges), quarries,

shafts; mines, caves, caverns, forests {for greater detail, sece Section 5,
Chapter V),

SBESIHAA KAPTA
ZVEZDNAYA KARTA

Star chart. A representation of a portion of the celestial sphere on
a plane. A star chart is used in military affairs primarily to find in-

dividual stars in solving problems in astronomic orientation.

3EMHOH MAPHETHOAM
ZEMNOY MAGNETIZM

Terrestrial magnetism. A property of the carth as a heavenly body which

is expressed by the existence of a magnetic field around it, The poles of
terrestrial magnetism arc close to the geopruphic poles but do not coincide
with “hem (the north polc, 74°N, 100°W, tho south pole G9°S, 144°E). A freely

turning needle of a magnetic compass is placed ir the plane of the magnetic
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meridian. On approaching the poles, the magnetic needlechas a tendency to
change from a horizontal (equilibrium) position to a vertical position. This
phenomenon is called the magnetic dip.. Its effect on the operation ¢f the

compass is eliminated by shifting a special weight on the needle.

SEMHOH - JUIMTICOM  ( cheponn)
ZEMNOY ELLIPSOID (sferoid)

Earth's ellipsoid (spheroid). The shape of ‘the earth which is taken
for cartographic and other purposes as the initial shape for computations

(fig. 5). The dimensions of the earth's cllipsoid are indicated in Table &.

Figure 5. Earth's ellipsoid.

Table 4

Dimensions of the earth's ellipsoid (according to F.P., Krasovskiy)

Elements Size
Large semiaxis (equatorial radius) a 6,378,245 meters
Small semiaxis (polar radius) b 6,356,863 meters
Compression = a-b/a 1:298.3
Average radius of the earth, taken as a

sphere 6,371,117.7 meters
Length' of meridian 40,008,548 meters
Length of equator 40,075,704 meters
Surface of the carth 510,083,000 sq km
Surface of 4ry land 148,628,000 sq km (29.2%)
Surface of water 461,455,000 sq km (70.8%)
Volume of earth 1,083,320,000,000 km3
SHMHAR AOPOTA

ZIMNYAYA DOROGA
Winter road. A secasonal vehicular and hoi'se-drawn transport road

over frozen swamps, lakes, and rivers.

H30BAPH
TZOBARY

Isobars., Lines which comnect on a chart (diagram) poirts witk the same

barometric pressure at a certain time.
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W30BATH
TZOBATY

Isobaths. Lines which connect on a chart points with equal: depths or

relief of the sea bottom or other body of water.

H3O0THTICH
IZOGIbPSY

Isohypses (contour lines). Lines which connect on a chart points

with the same altitude above sea level.

V3 OJIHHHK
ISOLINII

Isolines. Lines which connect on charts and special diagrams points

with the same values of some factor (altitudes, temperatures, etc.).

H30TEPMH
IZOTERMY

Isotherms. Lines which connect on a chart (diagram) points of equal
temperature.

HCTOYRH A
ISTOCHNIKI

Sources (springs, fountairis). Natural outcroppings of underground

water on the earth's surface. The majority of sources are shown on large-
’scale and medium=-scale topographic maps; the inscription which accompanies
the conventional sign {Egg;, 5&;, Egi) expresses the designation accepted in:
a given avea.

HCXOAHKFE TEOAERHYECKHE HAHHEE
ISKHODNYYE GEODEZICHESKIYE DANNYYE

Initial geodetic data. Geodetic and topographic values which are

necessary for the launching of rockets, The primary ones are:

‘geodetic launch range, the length of the geodetic line (see) from the
launching position to the target;

geodetic Y-azimuth of the launching position - target line of direction;

altitude of the locations of the launch position and the target (deter-
mined from a topographic map);

geodetic azimuth of the line of direction to the target (determined from
the geodetic Y-azimuth);

geodetic latitude of the launch pogition {determined from a topographic
mﬂp)o
The geedetic range and geodetic Y-azimuth are determined from the co-

ordinates of the launch position and those of the target by solving the geo-
detic res»ction problem.

D e e
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FAPABAHHMA [VTE
KARAVANNYY PUT!

Caravan routes. A transportation route for pack animals (camels, asses,
mules, less often horses) in desert and -semidesert terrain. Caravan routes

are shown aon topographic maps.

KAPTOI'PAPYMECIVE TIFOERIMK
KARTOGRAFICHESKIYE PROYEKTSII

Cartographic projections, Methods of representing.the surface of the
earth's sphere on a plane in compiling maps. The cartographic projeétion
determines the mathematical law for projecting the carthts surface on a plane
and characterizes distortions of lengths, angles, and arecas on a given map
since a spherical surface is not spread into a plane without distortion,

In accordance with -the nature-of -the distortions, the following carto-
graphic projections are distinguisheéd: equiangular, which preserve the
equality of angles between lines of direction on a map and in actuality;
cquidimensional, which preserve the proportionality of arcas on the map to
the corresponding areas on the earth's surface; cquiinterstitial, which
preserve the constancy of scale in some direction; arbitrary, which do not
preserve cither the equality of angles, proportionality of area, or constancy
of scale. The concept of employing arbitrary projections consists of the
simplicity of compiling maps, the convenience of solving several practical
problems on such a map, etc.

Cartographic projections are also divided according to the type of geo-
graphic grid. The basic ones are conical, cylindrical, azimuty, and pseudo-
cylindrical.

In a conical projection, the meridians are represented by straight
lines which converge at one point at equal angles; parallels are represented
by conceniric circles with a common center at the point of intersection of
the meridians., Many small-scale maps of the Soviet Union and other arcas of
ihe world are prepared in a conical projection.

In a cylindrical projection, the meridians are represented by parallel
straight lines; the parallels are also represented by straight parallel
Yines which are perpendicular to the meridians. Political maps of the world,
maps of equatorial countries, and several other maps are compiled in a
cylindrical projection.

In an azimuth projection, the meridians are represented by straight
lines which converge at one point at aagles which equal the differcnce in
longitudes while the parallels represent arcs of concentric circles. Maps
of the Arctic and Antarctic, maps of the hemisphere, and others are prepared

in an azimuth projection.
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Jn a psecudocylindrical projection, some central meridian is represented
by a straight line, and the remaining metridians, by curves symmetrical to the
central meridian. Individual political maps of the-world are compiled in
this projection.

The-.cartographic projection of topographi¢ maps of the Soviet Union
at a scale of 1:25,000 - 1:500,000 are cquiangular transverse~-cylindrical,
Its essence consists of the following. The surface of <the enrth‘g spheroid
is divided into zones by meridians which are multiples of '6°, beginning with
the zero (greenwich) meridian. Within the limits of each zone, the surface
of the earth's spheroid is -projected onto a plane with preservation-of the
similarity of infinitely small shapes. The lengths of lines are preserved
only along ihé principal meridian; in the other places, they are exaggerated
somewhat and the further from the principal meridian, the greater the degree.
The maximum error in the lengths of lines on the map which. are adjacent to
the boundary of the zone ‘does not exceed 1/1000, i.e., coriziderably less
than the graphical precision of measurement. All sheets of topographic maps
vwithin the limits of a zone may be glued together into one block without
any gaps or folds. Map sheets of adjacent zones may be glued. together in
limited numbers.

The cartographic projection of a map at a scale of 1:1,000,000 is
arbitrary. The extreme parallels of the map sheet are arcs of circles, the
lengths of which are not distorted; all meridians are strnight-liné;
meridians disposed symmetrically relative to the central meridian 2° to the
west and east preserve their length; the length of the central meridian is
shortened somewhat. No more~than 9 sheets can be glued into one block without

noticeable gaps.

KAPTOTPADHA
KARTOGRAFIYA

Cartography. The science of geographic maps, methods, and processes
for their creation and usec. It includes the disciplines: mathematical

cartography, map compilation, map publicution, and map measurcment.

KAPTOYKH (CXEMH ) MECTHOCTH
KARTOCHKI (SKHEMY) MESTNOSTI

Torrain cards (sketches), Simple, schematic drawings of small scctors
of terrain made without precise observation of scale. The cards are usecd
primarily by commanders of small podrazdeleniye in the form of a "sketch of
a strong point," Ysketch of reference points," or in the form of a skotch
report, a drawing on which the results of reconnaissance of the enemy and
terrain or the accomplishment of some other mission are depicted graphically

and with text.
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KAPTH
KARTY

Maps. Reduced conventional Tepresentatioris of the earth's surface on
u plane which is made in the form 6f some kind of .cartographic projection
(see). Maps are extremely varied and subdiviﬁed acédrdihg to many criteria.
For content, maps are divided into general geographic maps {see) and special

maps (see).

KAPTH BOAHBX PYEBEXEH T
KARTY VODNYKH RUBEZHEY -

Water area charts. Special n&fis intended for ‘the study and evaluation
of water aréas; the scale is primarily ..§100,000 ‘to 1:50,000; sometimes
the scale of the representation of a yiver is greater then the scale of the
representation of the adjacent teiyain: Basic content:s width, depth,. direction,
and speed of current of a river, type of boltom, mature.of the banks, river
channel, and command of the banks of the river Walley; the detailed character-
-istics of existingrcrossings=(sometimes give; in the legefid); bridges, ferrius,
fords; the characteristics of hydrauli¢ works, pydrqeiccfiic stations,
particularly their dams and locks, &tc.; boundaries .of ihundation of the
floodplain and its trafficability: sw.iupinéss, degree towhich broken up
by lakes, ox-bow lakes and channels, the ground, vegétational cover, road

net, etc.

KAPTH I'EQJIOTHYECKHE
KARTY GEOLOGICHESKIYE

Geological maps. Special maps which represchit thg regularities of
the structure of the carth's crust and are the basis tur .the -search for
minerals, explorations, for the construction of various.objects, soil,
botanical and other investigations. Geological maps are subdivided into
survey maps (1:2,500,000 « 1:5,000,000), regional maps (1:200,000) and
detailéd maps (1:100,000 ~ 1:50,000 or larger, down to 1:50). In military
affairs, the latter arc used most widely and more or less characterize

the outcroppings of rock on the surface.

KAPTH JIOPQXHEE
g KARTY DOROZINYYE

Road maps. Special maps which are used in planning, organizing,
and exccuting shipments and working out measures for the organization of
the troop rear; most often, the scale is 1:1,000,000 or 1:500,000. Special

content of the maps: motor vehicle roads and railroads; characteristics of

TR IR T Ay

the quality and traffic capacity of motor vehicle roads: class, width, surface

of the roadway; characteristics of bridges; road structuresi distance between

IR

populated places and other points recorded on the map.
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"KAPTH JIOUMAHCHVE

KARTY ‘LOTSMANSKIYE.

Pilot chaftss Charts intendéd for the -navigation of vessels and the
;planningﬁéf«qu;agliélwoikégéh ri§éfs. Scales-of charts and the isobath
interval are indicated in Table 5.

Table 5
‘Scales of pilot charts and isobath intervals:

Averaée Qidih of rch;r

e Map scales Isobath interval,
meters ; meters :
Up to 150 1:5,000 ‘0.25 ~ 0.50
150 = 250 1:10,000 0.5« 1.0
250 ~ 500 1:10,000~1:25,000 0.5 - 1.0
500 - 2,000 1.:25,000~1 :50,000* 1,00 = 2,0

Pilot charts contain detailed (systematically updated) information
on the coastline, depths, underwater obastacles, and navigational markers.

Depths are shown by isobaths and depth readings; the depth is read- from the ¢

level at the low water mark [mezhen] (see). To obtain the actual depth of

a level, it is nccessary to consider the difference in the level of the river

vwhich was taken in.compiling the map and the level at a given moment. On

pilot charts, the shores are shown schematically, as a rule. Pilot charts

are used together with river sailing directions (see) [lotsiya rekil.

4 FAPTH MOPCKYE
e KARTY MORSKIE

Sea charts. Special .charts of the seas and oceans. The most important

-« and widespread are navigational sea charts whitch are intended for the navi-

gation of vessels. Their content: relief of the bottom, portrayed by iso-

baths and depth readings; characteristics of the ground; cutline and

chararteristics of the shores, relief, and prominent reference points on

TR

shore; sea routes, navigational dangers (shoals, reefs, rocks, surfs);

e £a

information on the magnetic declinationj hydrological elements (currents,
tides, boundaries of icel.

e

Navigational charts include plans (larger
than 1:25,000), individual charts (1:25,000 - 1:100,000}, route maps

TR

{1:100,000 ~ 1:500,000), and general and survey charts (1:500,000 and

smaller). The contents of navigational charts are supplemented and cxplained

by sailing directions (sca2).
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KAP'R OBmPPEoppkﬁquCKHE
KARTY OBSHCHEGEOG™AFICHESKIYE

General geographic maps. Maps reflecting the reélief; hydrography, and,.
partially, clements of the soilgground and vegetational cover, roads,
populated places, socio-economic objeuts, and several othur elements.
General geogravhic maps are subdivided into topographic maps - up to
1:1,000,000 inclusive and survey general geographic :maps, scale ‘smaller
than 1:1,000,000,

KAPTE TPOXOAMMOGTH
KARTY PROKHODIMOSTI.

Trafficability maps. Specidl maps with data on terrain trafficability
which are intended for the study and estimate of conditions for movément and
maneuver. As a rule, they are compiled on the ‘basis of topographic maps.
Shown on the maps are sectors-which are difficult .and impossible to negotiate,.
the most favorable-dircctions for movement, characteristics of relief
(steepness and length of slopes, precipices, and their heights, gullies,
wash-outs), and rivers (dopth, soil of bottom, speed of current, tidal
zone, the presence of hydraulic works, crossings), roads ground-soil; and

all other terrain clements which:determine its trafficability.

EAVTY PENBBVHEE
KARTY REL'YEFNYYZ

Relief maps. Maps which express ihe terrain relief volumetrically.
They are made of a plastic base‘[vi.ieprozyl, cardboard, paper-macha, -or
other material. Data on the content and preparation of a topqgrnphic map
of corresponding scale are drawn (printed or pasted) on the surface of the
relief map.

Relief maps are made either manually by the successive aceretion of
layers with the subscquent pasting of a model of the map, or on a special
outfit which pemmits reproducing reliet maps in the required numbers by
rmeans of a punch die which is made (set up) ahead of time.

Relief maps are intended for the study and estimate of the terrain
and for gaming planned battles and operations. The maps arc made in scales
from 1:50,000 to 1:1,000,000. The vertical scale depends on the nature of
the relief of the terrain but is always greater than the horizontal scale;
for flat terrein, 25 ~ 10 times, for hilly terrain, 10 - 5 times, for

mountain: terrain, 5 -« 2 times.
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KAPTH ClIEMRAJINILE
© KARTY SPETSIALINYYE

’Speﬁinl mapg. Maps o1 which-individual elemdiis of the terrain are re-
presented with: giéat completeness: and detail or on ‘which special data are
” plotted: Speci;l-maps are. extremaly numerous and‘ varied. They include
the foliowing maps: geoiogical, s0is8, hypsometric, hydrological, political-
administrative, ccohomic, and many others. The fiost important special maps

which are used by the troops are navigational, road, and reJiéf maps.

) : KAPTH TOITODPAGPUECKUE

3 « KARTY TOPOGRAFICHESKIYE

§ “ Topographic maps. General geygraphic maps up to a scale of 1:1,000,000
4 v inclusive. Topographic maps represent as.completely as possible the ele-

} . ments and details of the terrain whic.. affect the combat actions of troops

3 and are the basic saurce of information about the terrain and the busis of

5, many combat documents and- specidl maps. In preparing and conducting combat

. actions, topographic maps are used to study the terrain, cluzify missions,
estimate the situation, -make decisions, assign missions to subordinate troops,
and orgatiize troops coordination, and also are widely usecd for orientation on
the ground (primarily maps at a scale of 1:50,000~1:200,000), determining
target coordinates (primarily maps with scales of 1:50,000-1:100,000), and

1 for tying. in the combat formations of the troops (primarily maps:of scales
. of 1:50,000~1:200,000). A list of topographic maps is shown in Table 6.

L The completeness and detail of representation of the terrain on topo-

g graphic maps depend on their scale (the larger the scale, the rore complete
and detailed the map) and the nature of the terrain (the fewer details the

tertrain contains, the more completely they are showh on- the map). The

4 completeness of content of maps of average broken terrain are characterized
approximately by the following data:

E populated points are shown completely on large-scale maps; on mops of

a scale of 1:100,000, individual yards and structures are shown partially;

on maps at a scale of 1:200,000 and smaller, populated points are partially

shown;

oM T A

. vehicular and horse~drawn transport roads are shown completely on

large~scale maps; on maps of a scale of 1:100,000 and 1:200,000, all

A NG s BN0E s

highways and improved dirt roads are shown while dirt and field ro,ds are

partially shown; all highways are shown on maps with a scale of 1:500,000

FS R &%

o and dirt roads are shown partially; only main roads are shown on maps with
a scale of 1:1,000,000,
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all rivers are shown on maps at a scale of 1:25,000 - 1:100,000; on
maps at a scale of 1:200,000 or smaller, rivers longer than 0.5 to 1 ¢m
at the.map Scale are shown;

clements of relief (altitude, etc.) are represented with their height
dimensions more than 0.5 the contour interval (sce) of the given map (sce

accuracy of topographic maps [tochnost' topograficheskikh: kartj.

Table 6
List of topographic maps

Scale: of maps Name of ‘maps Approximate dimensions of sector
covered by map sheet at 54° latitude

‘on terrain at map scale
km cm

Large scale
1:25,000 twenty-five thousand 9x 8 36 x 32
(1 cm = 250 m)
1:50,000 fifty thousand 19 x 16 37 x 32
(1 cm = 500 m)

Medium scale
1:100,000 Hundred thousand or kilomecter 37 x 32 37 x 32
(1 cm =1 km)
1:200,000 Two hundred tho\isand, or 7h x 65 37 x 33
(1 cta = 2 km) 2 kilometeie

Small scale
1:500,000 Five hundred thousand, or 222 x196 & x 37
(1 cm = 5 km). 5 kilometers
1:1,000,000 Million, or ten kilometers Lh5 x393 hh x 39

(1 cm = 10 km)

Remarks: Tho first number in the column Yat map scale" is the length
of the sector from north to south, the second number is the

gize of tha sector from cast to west.

KATAJIOP KOOPAHHAT T'EOAE3HYECISIX IIVHKIOB
KATALOG KOORDINAT GEODEZICHESKIKH PUNKTOV

Geodetic trig list. Systematized data on geodetic points. The list is
publishoed in the form of pamphlets with a diagram of the mutual disposition
of the points and includes: name of points, order of points, rectangular co-
ordinate, absolute altitudes, altitude of markers, Y=azimuths of lines of

directions to other points or specinlly established reference points.
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KWIOMETPOBLE JIHHHH
KILOMETROVYYE LINII

Kilometer lines. Hérizontdl and vertical lines on topographic maps which
are drawn parallel to the axes of rectangular coordinates at equal inter-
vals. The aggregate of these lines forms a kilometer (cocrdinate) grid.which
is used in' target indication from a map, orientation of the.map on the

ground, and for the approximate determination of distances and areas
(Table 7).

Table 7

Distance between ‘kilometer lines on maps

1 2 Paccronmne
Macurab kap

3 wa xapre, e + Ha MECTHOCTN, KW

~

: 10000 ' 1

| Q ¢ 1
1: 25000 4 |
1: 50000 2 1
1,: 100 000 2 2
17: 200 000 2 4

Key: 1 - Map -scales; 2 - distance; 3 - on map, cmjc 4 ~ on terrain, km,

Kilemeter lines are not drawn on maps>with scales of 1:500,000 and
1:1,000,000 but on maps with:a scale of 1:500,000, on the borders, tick
marks- are shown every 2-cm (10 km) and, when necessary, a kilometer grid
may be drawn on the map.

Kilometer lines on maps are marked as follows: the valves at the hori-
zontal 1in.s show the distance from the equator in kilometers to the given
line; :the values at the vertical lines signify the number of the zone (one
or two digits) and: the distance in kilomcters (always three digits) from
the principal meridian of the zone shifted arbitrarily to the west 500 km,
The extreme kilometer lines en the map sheet are fully marked while the

remainder are abbreviated with two digits (tens and units of kilometers).

IfORKPOBAHHAA KAPTA
KODIROVANNAYA KARTA

Coded map. A special map for ithe sccret control of troeps. It re-

presents a.regular topographic map with printed code designations or

coded numbers for objects and terrain sectors.

KOJIOHHHA 1IVTh
KOLONNYY PUT?

Hasty road, trail. A direction for the tcmporary movement of troops
which has been selected and marked out on the terrain. The hasty road is
laid out in the absence of roads or for thc purpcse of concealing the
mancuver of troops and is usually improved as follows: the roadway is cleared,

runoffs and simple crossings over streams and other obstacles are built, etc.
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KOMITAC
KOMPAS

Compass. An instrument for -orientatio):.dccording to directions on the
horizon. In accordance with the principlé of operation, compasses are sub-
divided<into magnetic, mechanical (gyroscopic), and solar (for use in the
pilar regions), Among the ground forcesg, the most widespread field compasses
are the magnetiéthhpass of the Adrianov system, and the AK artillery compass.

The Adrianov crimpass (fig. 6) consists of a housing with an axis fastened
to it, a.magnetit néedle, bearing circle (round plate with angular divigions),
‘brraking lever, and rotating 1id with a sighting device. The value of a
division. of the primary {inner) scale of the bearing circle equals 3°; the
rading of the divisions is performed in a clockwise manner; the directions
0°, 90°, 180° and 270° are marked with-markers which glow in the dark.

The outer scale of the bearingvcircle is in mils which increase counterelack-

wise;: values are given every 500 milss

Figury 6. Compass of the
Adrianov system.

The accuracy in }eading azijith using the compass is on the order
of 1 to 0.5 mils.

The AK artillery compar~.s (fig. 7) consists of the same bosic parts
as the Adrianov system but, thanks to some improvements, is more convenient
to use. With this compass. a 1id with a mirrored interior surface provides
the opportunity for the simultancous-orientation of the compass and sighting
on an object. The beoring circle rotates, which permits bringing the zero
(north) reading of the bearing circle under the north end of the ncedle ad
the instant of sighting. The needle f£ixes the north-south direction more
rapidly and steadily; the braking of the needle is accomplished automatically
when closing the lid. The divisions of the bearing ciicle are drawn cvery

100 mils and are read in a clockwise diraction.

Figure 7. Compass of the AK system.

of the bearing circle; 3 - bearing
oircle; 4 - compass lid with mirror a,

5 - projection of the needle braking
lever.,

1 - compass housing; 2 ~ rotating housin
9

with opening for sighting b, and catch cj
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[KOHTVP

KONTUR

Outline. The boundary of lands or the external outline of a local
object (outline of a meadow, outline of a swamp, etc.); it is shown on a

map by a dotted or continuous line.

KOHTY PHASL PGUKA
KONTURNAYA TOCHKA

Map point. A clearly distinguishable point on the ground {(corner of a
woods, pasture, meadow, etc.). Map points which are easily noticeable on
the ground are shown as accurately as possible on the maps and are often
used for tying-in combat formations, determining the locations of stations,

the positions of targets, and positions of other objects.

KCOPLHHATOMFP
KOORDINATOMER

Coordinate scale. An instrument (device) for determining the
rectangular coordinates of points (objects) from topographic mups and
plotting points on a map from given coordinates. There are coordinate
scales (engraved) on officer's celluloid scales. (For the use of coordinate

scales, sce Scction 5, Chapter IXI),

ROOMIHHATH
KOORDINATY

Coordir.ates. Values which determine the position of a point on a plane
or in space. In military affairs,the most widely used are astronomic (sec),
geographiz (see), geodetic (sec), rectangular (see), polar (sce), and bi-

polar coordinates (sce).

KOPEHAGI, BEPED FEHH
KORENNOY BEREG HEKI

Original river bank. The bank of a river valley, usually more or
less exprenced in the form of an escarpment or precipice, and composed of

bedrock rather than from river deposits.

FOrRO <BHA
KOTLO¥INA

Basin,

A relief form, a closed depression {(most often patelloid), deprived of

external runoff.

~r
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KPOKH
KROKI

Sketch. A sketch of the terrain made by hasty sketiching which reflects
in detail terrain.elements, which are important for the accomplishment of
a given specific mission. The base for the sketch may be prepared ahead of

time from a map or aerial photo.

iy PBUMETP
KURVIMETR

Map measurer. An instrument for measuring distancis on a map (see
fig. 31). The measurement of lengths by a map measurer is p.=formed by
rclling the small wheel of the instrument along a line. The irror :in
measuring the lengths of straight lines with the map measurer is on the
order of 1 - 2% while the error in measuring the lengths of winding lines

i3 considerably greater.

KAPHEH
KYARIZY

Near-horizontal underground water-collecting gallery. Water=collecting
pits in arid areas which are connected with each other by underground

galleries.

JHHEIKA BUAHPHAA
LINEYKA VIZIRNAYA

Sight rule. A rule (usually wooden, about 30 cm long) with a three-

sides cross section; it is intended for sighting and drawing lines of direction

when working with a map on the ground during sketching by eye, and is also

used for measuring and laying off distances on a map (fig. 8).

) A
Figure 8. Sight rule. N 3

JUHEAKA MACI'TABHAA
LINEYRKA MASSHTABNAYA

Map scale. A ruler (usual metal, about 5x25 cm in size) with an
engraved transverse scale; it serves for precise measurements of lengths

of lines with dividers on a map.

JIEPEHDA
LEGENDA

Legend. A brief textual cxplanatory note located on the margins of
graphical documents., The legend includes information which cannot be ex-
pressed graphically; it also provides conventional symbols vhich are used in

the drawing.

o
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JETHHK (MeTonxa)
LETNIK (Letovka)

Summer place. A separate farmstead in the steppe area which is occupied

only in the summer:

“OKCONPOMHA
LOKSODROMIYA

. Rhumb -1ine. A line om a sphere which intersects all nmsridians at the
same angle. The rhumb line is used for laying out the path (course) of a
ship (airplane) with a constant true course (direction of movement relative
to the points of the compass). In contrast to the orthodrome [ortodromiya]

(see) the rhumb line is not the siorte.:. line between terminal points.

JoEA
LOTSIYA

Sailing direcctions. A description of a water basin vthich explains
and supplements marine navigation charts. The sailing directions provide:
the detailed characteristics of the coastal portion of the scaj; a general
survey of the sea; a description of beacons, markers, and barriers; tables
of distances; laws, instructions,. and.rules which determine thc sailing regime,
arce presented. A‘list of charts and photographs which distinguish shore

points, etec., is provided.

JIOIHA PERM
LOTSTYA REKI

iver sailing directions. A description which supplements and explains

pilot charts of navigable rivers.

JVHHL'S $ASH
LUNNYYE FAZY

Lunar phases. Changes in the visible portion of the moon which occur
in connection with the change in the mulual positions of the sun, ecarth,
and mcons The following lunar phases are distinguished: new moon (the moon
is not vizible or only a thin 'crescent" is visible); first quarter
(visible is a semicircle of tho moon which is turned with its curvature to
the right); full moon (the moon has the appearance of a complete, or

. aimost complete, circle); last quarter (visible is the moon's semicircle
which faces the left). The time period for the change of all four lunar

phases is called the synodical or lunar month (29.5 days).
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MAPHHTHOE HARJOHEHHE
MAGNITNOYE NAKLONENIYE
Magnetic dip. See Terrestrial magnetism [ zemnoy magnetizm].
MAPHUTHLE BYPH
MAGNITNYYE BURI i
Magnetic storms. Fluctuations in the earth's magnetic field whose .
origin is insufficiently studied; they may present a serious obstacle to ) ’
orientation using 2 magnetic compass.
MAKET MECTHOCTH
MAKET MESTNOSTIX
Terrain model. Sece relief model of the terrain [rel'yefnyy maket
mestnosti].
MAPLPY THAS C"EMKA
MARSHRUTNAYA S"YEMKA
Eye sketching of a route. A particular case of military sketching by
eye (see), which is performed along a route of movemdént.
MACITAB
MASSHTAB
Scale. The ratio of the length of a line on a map (plan) or other
graphic document to the length of the corresponding line on the ground.
MACL!TAE BPEMEHH
MASSHTAB VREMENI
Time scale. A graphic scale [masshtab lineynyyl] (see); the values of
its divisions are given in measurements of time (usually in minutes) during
which these distances will be covered at a certain speed of movement.
MACITAB "HHE/HEG
MASSHTAB LINEYNYY
Graphic scale. A graphical expression of the representative fraction .

[masshtab chislennyy) (see), a stralght line divided into specific parts
which are accompanied by valucs signifying distances on the ground (vig. 9).
The graphic scale is intended for measuring and laying off distances on a map.

In Figure 9, tho distance betwecen points A and B is 1,300 meters.
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o 1:50000
s Y canrnuerpe 500 werpon
v 00 500 0 1. 2y

! e
A 8
Figure 9. Graphic scale.

o Caption above scale - 1 centimeter equals 500 meters.

MACITAB HONEPEYHHA
MASSHTAB POPERECENYY.

Transversal scale. A diagram (usually on a metal plate) for measuring

. and:laying off distances on a map with the greatest graphical precision
(fig. 10). . >

TITTIT L0
LR 0 0 0 O O
kR UE 00 R I
ARRRAR

fiuvdunnnnn 4
LIl it tgl
INURRARERNR]
IANRRNANR]
IERRRANNN]

Figure 10, Transversal scale. 2

The standard (normal) transversal scale has large divisions which
equal 2 ciand small divisions (to the left on the diagram) which equal
2 mm; in add{tich, on the diagram there are segmente between the vertical
and sloping lines which equal 0.2 mm on the first horizontal line, O.4 mm
on the second line, .0.6 on the third, etc. Using the standard transversal
scale, one can measurc and lay off distances on a map of any {metric)

scale. The reading of dis%ances from a transversal scale consists of the

sum of the readings on the basc of the diagram and the horizontal line

1 (here, the segment is read which is formed by the vertical and sloping lines).
On Figure 10, the.distance between points A and B (with a map scale of -
1:100,000) is 3480 meters.

MACITAB T1PONOPUHOHAJNBHHH
MASSHTAB PROPORTSIONAL'NYY

B3N en faiiigg &

Proportional (wedge-like) scale. A diagram of the transfer of segments
measured on an acrial photo to the map scale. It is used primarily for the
| transfer of objects (targets from an aerial photo to a map. (See construction

of a proportional scale in Section 5, Chapter 1V).

MACUTAB YHCJEHHLA
MASSHTAD CHISLENNYY

Representative fraction. The scale of a map (plan) expressed by an
abstract number - a fraction, the numerator of which is a unit and the

denominator of which is a number which shows the degree of reduction of
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terrain lines on the map (more precisely, their horizontal projections);
it is printed on maps aud is usually accompanied by an indication of the
size of the scale - the distance on the terrain (in meters or centimeters)

which correponds to one centimeter on the map.

MEVEHD
MEZHEN!

Normal water level of a river, low water level. The average, steadiest
water level in a river: in the summer, with flatland: rivers, in the

winter with mountain rivers.

MEPHAMAH 3EMHOH WAH PEODPAGKUECKMA
MERIDIAN ZEMNOY ILI GEOGRAFICHESKIY

Terrestrial or geograjtic .meridian. The iine of intersection of the
surface of the earth wilh a plane drawn through a given point and the earth's

axis.

Y“WEPTBOE NPOCTPAHCTRO
MERTVOYE PROSTRANSTVO

Dead. space.. A terrain sector behind some cover which cannot be-hit
by cnemy fire. The size of the dead ‘space depends on the nature of the
cover and the ballistic properties of the weapon. In the general case,.
ithe higher the cover, the flatiter the trajectory, and the closer the firing

position ig located to the cover, the greater the dead space.

YECTHCCTb
MESTNOST!

Terrain. A portion (scction, area) of the carth's surface with all
its elements: relief, ground, water, vegetation, routes of communication,
populated places, and industrial,. agricultural, and socio-cultural objects.
The terrain is one of the elements of the combat situation.

Depending on its character and effect on the combat actions of the
iroops, the terrain is subdivided into the following basic varieties:

according to relief: into flat, hilly, and mountain (low-mountain,
avernge-mountn}n, and high-mountain);

according to trafficability conditions: into slightly broken (casy to
negotiate), average broken (trafficable), and heavily broken (difficult to v
cross);

according to condilions for observation and concealmeni: into open,
half-closed, and closed;

according to the complex of natural conditions: into desert (desert-

. eppe), forested (forest-swamp), and terrain of the northern regions.
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TCTHOCTE TOFHAA
MESTNOST' GORNAYA

. Mountain relief. Terrain with absolute altitudes above sea level of
more than 500 -meters; subdivided into low-mountain (absolute altitudes
500-1000 meters), average altitude mountains (absolute altitudes 1000~
2000 meters), high mountains (absclute altitudes more than 2000 meters).
. Varicties of mountain terrain: mountain-forest terrain (mountains over-
grown to a considerable degree by timber vegetation) and mountain~desert

terrain (mountains almost devoid of vegetation). The timber line in the

mountains is indicated in Table 8.

Table 8

Timber line in mountains (according to L. S. Berg)

Mountain arcas Absolute altitude of timber
line, mters

Kola Peninsula 350
Western Transcaucasus 1900

Dagestan 2450

[

Dzhungarian Alatau 2500
Central Tyan-Shan 3200

Easterrn- Sayans 2000~-2400

SR

Altai 2000-2400
Transbaikal 1100-1200

T B

. Siknote-Alin 1000

Sakhalin 450-500

*

Kamchatka 300-700

TN T

3 Characteristic features of mountain terrain: sharply broken relief

FY

(relative differences in altitude of more than 300 .meters in 2 km, pre-
dominant steepness of slope 5-25°), the presence of numerous obstacles diffi-
cult to negotiate, limited number of roads, and difficulty in moving over
them. In addition, typical of mountain relief are rivers with rapid currents
and with abrupt fluctuations in water level as well as rock slides, snhow

slides, ice avalanches, and mud streams.

The temp-cature in the mountains usually drops 0.5 ~ 0.6° with a rise

7t S Q":FW-"W‘{\;: Tl Foa IR

of 100 meters, and sudden and frequent changes in the weether and temperature

T

fluctuations in the course of a day are frequent.
Possible at high altitudes are strong winds, fogs, downpours, and snow-
falls (the snow line in the middle latitudes runs along an altituvde of

2500 =~ 3200 meters; sce Table 9) with the simultancous preservation of dry

and warm weather in the valleys,

CATIOELL TR TR R
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Table 9

Absolute altitudes of the snow line (according to S.V.Kalesnik)

1“’"”" "','g,'f;:u“"‘mp“‘ lpeacsu sucoru, ¥ 3 Cpeanss sucors, &

80-70 300—~1500 790
70-060 700—-1500 1150
6050 1600-3170 2500
50—10 16004300 + 3170
1030 29006000 < 4900

Kay: 1 = latitude of northern hemispherc, degrees; 2 - altitude limits,
meters; 3 - average altitude, meters.

Atmospheric pressure changes significantly in the mountains with an

increase in absolute altitudes (see Table 10). Mountain sickness is

possible at altitudes above 3 - 5 km. A critical rarefacyion--vs the air
which is dangerous to life is observed at altitudes higher than 8 km above

sea level. The rarefaction of the atmosphere also affects the operation of

engines; the power of the engines of tanks, automobiles, and other

wvehicles is reduced by approximately 10% for each 1000 mcters of rise.

Table 10

Change.in atmospheric pressure with altitude.

y . o
.« Dugora, ¥ ,,:::::ugfe‘:":: 3 Butora, » 4 ::rf:;m? k:
it 0 760 3500 493
1 00 716 1000 162
1000 674 4500 433
1500 634 5000 405
2000 596 5500 378
2300 560 6000 354
3000 526

Key: 1 = altitude, melers; 2 - atmospheric pressure, mm; 3 ~ altitude,

meters, 4 - atmospheric pressure, mm,
) p [

Mountain terrain hinders mass employment of tanks and othes heavy

cquipment. Sharply broken mountain terrain facilitates the organization

of ambushes and engincer obstacles and also facilitates concealment; .out

hinders orientation and o. jervation. Also characteristic of nsuntain térrain

e e

is the screening effect of mountains on the operation o radice oand pradio-

engincering means and sound-ranging.

Mountain terrain has a noticeable effect on the action of mueiear

weapons. Mountain crests and summits change the nature of propagaticn of

the shock wave, brock the path to direct fluxes of thermal radiation and

initial radiation, and iliereby reduce the zones of damego. At the zume time,

{ihe overpressure is increased on slopes which face the direction of burst
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and in narrow valleys and passes disposed in the direction of propagation
of the shock wave. In.addition, the formation of rock falls, avalanches,
and snow slides is possible. In the valleys, canyons, and gullies the
radiation levels observed are higher than at elevated places.

In mountain terrain, particularly in mountain-forest terrain, the
:persistance of toxic ‘means is.dincresséd and the spread of contaminated air
along the valleys and canyons over large distances is possible.

In mountain terrain the launching of nuclear strikes, in addition
to the destruction of regular targets, is also probable against passes,
canyons, and other objeccts the destruction of which may cause landslides,

snowslidés, and floods and thereby hinder the movement and actions of troops
for a long time.

YECTHOCTD RAKPHTAA
MESTNOST' ZAKRYTAYA

Closed terrain. Terrain with numerous natural masks (it is considered
approximately that on closed terrain up to 30% of the area is closed by
natural masks and up to 75% cannot be observed from commanding heights).
Typical closed terrain is forest and mountain terrain as well as densely :
populated terrain with numerous structures, obstructions, and planted areas.
Closed terrain provides compiete concealment of troops and rear areas
when disposed at the halt and, to some degree, furthers protection against

weapons of mass destruction; at the same time, the prolonged stagnation .of

2y

toxic substances and the formation of landslides is posgible on individual

K
sectors. ’

Observation, orientation, and target indication are hindered on

closed terrain,

YECTHOCTD JIECHCTQ-BOUJNIOTHCTAR
MESTNOST! LESISTO-BOLOTISTAYA

Foraest-swamp terresin. Forest terrain with numerous swamps and excessively

wet soile (See Forost terrain [mestnost' lesnayal).

MEC* HOCTb JECHAS
MESTNOST'! LESNAYA:

Forest terrain: Terraing ik major portion of which is covered with

timber vegetation- {forests): Thé offect of forest terrain on the actions of

4roops is deterimined primarily by the praperties of the forest (with flat

and hilly reliof) and tho swampinioss of the ground.
The wind 4s hardly felt in a farest at a distance of 100 - 200 meters

from the edge. If is coolsr in the forest than in the fields in the summes,
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and it is warmer in the winter. Soil in»the forest freezes through to
.a lesser depth than in the fields. Snow disappears in a dense forest
2 - 3 weeks later than in- an open loqation;' Approximately 15% of the preci-
pitation is retained on dediduous trees, about 20 - 25%-on pine, up to
60% on spruce, and up to 80% on fir,
The subdivision.of a forest by age and thickness and the characteristics

of trees are shown in Tables 11 to 13.

Table 11
Subdivision -of a.forest by. age.

Type of forest ’ height'bf-ﬁiees, muéers Thickness of trees
at base, meters

Young, or pole » 46 1 5~15

Medium age More than 6 About 20
Mature 10 -~ 15, or more More than 20--
- 25

Table 12

Sukdivision of’a foresl by density.

Type of forest Compactness of crowns
Dense Crowns compact
Average Distance between crowns ne greater

than their diameters
Sparse (thin forest) Distance between crowns up to five

diametors or nore
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Table 13

Characteristics (approximate) of trees growing under good conditions
in a forest

Fycrora aeca b - Cheann
> Cpeanan | awauerp | Obrem nsors
Bospser sucora | acpesves [HOA apesecnod
(ameao aery| KoIuuecino | cprance Pat- | aepenbes, | "o Fu ma | waceu oauoro

Acpeanes CIOANNE MEKIY| o sucoTe aepena, X

n3 100 W ACPEABLAMN, W 13 o
2 [ ol (4 E o
20 56 1,5 , 6 6 0,02
30 35 1,9 10 9 0,06
40 22 2,4 13 12 0,15
50 15 2,9 15 15 0,26
60 12 3.2 18 18 0,46
70 9 3.7 20 20 0,63
80 8 3,9 22 23 0,91
9 7 4,2 24 25 1.18
100 6 4.5 25 27 1,43
110 [ 5 25 29 1.65
120 5 5 26 3l 1,96
130 5 ) 27 32 2,17
140 5 5 28 33 2,39

Key: a - age (number of years); b - density of forest; ¢ - number of
trees per 100 m2;~d - average distance belween trees, mj

¢ - average heighv of trees, mj f - average diameter of trees
in cm at a height of 1.3 meters; g - volume of solid wood of
the mass of one tree, cubic meters.

Trafficability of forest tracis (off roads and trails) depends primarily
on the thickness and density of the trees, swampiness of the ground, and
relief characteristics. Tanks move relatively freely (without a massive
fel{ing of trees) in a forest with trees with a thickness of more than 20 cm
and with average distances between trees on the order of 8 meters or more;
tanks move only with the mass felling of ‘trees when trees are spaced aparti
6 meters or less; such forests (with a thickness of irees of more than 20 cm)
are practically impassable for tanks in extended formations.

Forest tracts with numerous swampy scctors, swamps, and streams (forest-
swamp terrain) are particularly difficult to negotiate. vnder these con-
ditions, troops operate over separate directions, primarily along roads and
trails. o,

Forest terrain promotes concealment but complicated orientation, target
indication, and coordination.

Conditions for protection against weapons of mass destruction in
forest terrain are favorable for the most part: here, the radii of zones of
damage by the shock wave and especially thermal radiation are reduced
considerably; in this respect, young deciduous forests possess the best
protective properties. It is also necessary to consider the neqgative
properties of forest tracts - stagnation of the vapors of toxic substances

and, with nuclear strikes, possible obstructions and fires.

——————

o




TS o

o <t

RA-011-68 48,

FECTHOCTb OTEPNTAH'
MESTNOST! OTKRYTAYA

Open terrain. Flat or slightly hilly terrain almost devoid of significant
natural masks and cover. It is considered approximately that on open
terrain up to 10% 6f the area of the territory is under natural masks and
that more than 75% of the area can be viewed from clevations.

The term "open terrain! is used primarily in evaluating terrain -
for the characteristics of its camouflage and protective properties: open
terrain is unfavorable from the point of view of protection against weapons

of mass destruction and hinders the camouflage.of troops.

L ECTHOCTh TNOJIVRAKPITAA
MESTNOST' POLUZAKRYTAYA

Semiclosed terrain. According to conditions for camouflage and observa-
tion, it occupies an intermediate position batween open and closed terrvain.
It is considered approximately that on semiclosed terrain aboui 20% of the
area is closcd by natural masks and about 50% of the cxpanses cannot be viewed
from command posts.

The camouflage of troops against observation from the air with their
disposition at a halt on semiclosed Lrrrain is almost completely provided by

natural masks.

MEGHOUTD TV CTHHHAS
MESTNOST! PUSTYNNAYA

Desert terrain. The terrain of deserts and<scmideserts. Its characteristic
features are: extremely poor vegetation, acute shortage or complete lack of
water, fucl, and construction materials; low population and poorly developed
road net; aric climate with sudden temperature fluctuations in the coursc of
a dny (up to 30 - 40°), strong winds (during the day, as a rule, up to
7 - 8 points), soils primarily sandy (sandy deserts) and rocky (rocky desertis).

Movement of troops off roads is frequently possible on desert terrain;
barkhan sands, wet salt marshes, and individual sectors of rocky deserts are
mest difficult to negotiate. Sand and dust have a harmful effect on the
operation of engines, running gear of vehicles, armanent, and othor means.
Desert terrain does not further protection against weapons of mass destruction;
intensification of the radiological contamination of the terrain and air is
observed (the composition of descert solls includes many clements which are
capable of forming induced radiation), At the same time, the :lustiness of
the air reduces the radius of damane by thermal radiation. Objectives of
nuclear strikes in the desert, apart frow reqular objectives, may be vitally
important terrain objects: vases, waler sources, hydraulic structures, and

others. The high temperatures of the desert surface in the summer, winds,
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and sandy soils promote the rapid evaporation of toxic substances. At the
same time,the open and flat nature of the terrain favors the considerable
propagation of contamination of the air. High temperatures, tha great
dustiness of the air, and the absence of precipitation in the air also

favor the cmployment of bacteriological weapons.

VECTHOCThL PABM:HHAS
MESTNOST' RAVNINNAYA

Flat terrain. Terrain with flat or slightly undulating surface. Ab-
solute altitudes of flal terrain usually do not exceed 300 meters, relative

altitude differences in 2 km are up to 25 meters, and the predominant steep-

‘ness of slopes is up te 1°.

The tactlical properties of flat terrain may be extremely varied and
depend primarily on the nature of the soil-ground and vegetational cover as

well as on the degree to which the terrain is broken by various obstacles.

YECTAUCTH CF3EPHLY PA{OHOB
MESTNOST' SEVERNYKII RAYONOV

Terrain of the northern regions. Polar and Arctic terrain, mountain
and plain tundras, characterized by an extremely sparse network of roads,
great humidity of the ground-soils, an abundance of surface water, an
absence of trees, severe climate with a prolonged winter, permafrost, sudden
fluctuations of metlcorological conditions, and frequent ionospheric and geo-
magnotic disturbances (storms). Characteristic of areas of the extreme Norih
(beyond the Arctic Circle) are long polar nights (from 10 days at a
latitude of 67° to 77 days at 73°) and polar days (from 32 deys at a latitude
of 67° to 97 days at 73°).

The terrain of the northern regions has a significant influence on
the actions of trocps. The snow cover is higher than 80 - 100 cm in the
winter and limits, and sometimes excludes, with the absdie.c of a firm frozen
snow crust, the movement of tanks off roads. In glacial regions ice
hummocks which have cracked in the ice are a serious obstacle Lo the movement
of troops. Rivers, lakes, and even swamps may serve as convenient routes
of movement in $the winter. In the summer vast arcas of flat umdra are con=-
verted into swamps difficult {o negogiate for troops. Combat actions of
troops under conditions of the northern regions are typical alon roads,

paths, and other accessible directions.

(4
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YECTHOCTb CPEIHENEPECEYEHHAA
MESTNOST' SREDNEPERESECHENNAYA

Average broken terrain. Primarily hilly, more rarely flat; it is con-
sidered approximately that on average broksn terrain about 20% of the arca
of a region is occupied by natural obstacles. Average bro:.en terrain is
trafficable almost everywhere for heavy combat equipment.
Average broken terrain is the most widespread vafiety of terrain iell N
inhabited and assimilated by man; norms in the regulations usually  correspond

to conditions of average broken terrain.

MECTHOCTh XOMMHCTAS
MESTNOST! KHOLMISTAYA

Hilly terrain. Terrain with a wavelike surface formed by ‘depressions
(valleys, ravines, gullies) and clevations (hills, mounds, low rides, otc.).
Absolute altitudes of hilly terrain do not exceed 500 meters and most often
are within limits of 200 - 400 meters; relative differences in elevation in
2 km are 25 ~ 200 meters; the predominant stcepness of slopes is on the order
of 2 - 3°,

Hilly terrain may be extremely varied in its tactical properties, but is

primarily average broken and semiclosed in nature.

NFCTHEE NPERMETH
MESTNYYE PREDMETY

Local objects. All objects created by man which are located on the
terrain (populated places, individual structures, plants, roads, canals,
gardens, ctc.) and of natural origin (forests, rivers, swamps, ctc.) except
for clements of rolief; they are depicted on topographic maps by special

conventional symbols.

HABHTAIHOHHAA ADNAPATY PA
NAVIGATSIONNAYA APPARATURA

Navigating ecquipment (of ground vehicles). Instruments for orientation
which can be installed in combat, special, and transport vehicles (tracked
and wheeled).
The basic instruments of navigating equipment are:
course pointer, records the direction of movement and angles of turn »
of the vehicle;
route data unit, records the distance covered by the vehicles
computer, continuously ! itomatically) converts course and distance
recorded by course pointed and route data unit into rectangular coordinates;
course plotter, a plotting board with a plotting mechanism which auto~

matically draws on a map the route covered by the vehicle;
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angle-measuring device, aiming circle, chord-angle measurer, and
other instruments necessary for the staring (initial) orientation of the
vehicle - for the détermination of the vehicle's course (Y-azimtth of the
vehicle's longitudinal axis) and rectangular coordinates of the initial
peint.

The instruments of the navigating equipment are equipped with a °
system of reading devices permitting knowing the course at any moment of
movement (Y-azimuth of the direction of movement), distance covered, rectangu-
lar coordinates of the vehicle, and other data.

Depending on their purpose individual vehicles are equipped with an )
incomplete outfit of instruments of navigating equipments

Navigating cquipment of ground vehicles automates orientation tec
a congiderable degree, and permits keeping to a given (selected) direction P
of movement and arriving at the required area exactly under any terrain and
visibility conditions. (See Chapter VIII, Employment of Navigating
Equipment in Orientation).

. HAYAJIBH' 4 YEPHAHAH
NACHAL"NYY MERIDIAN ?

Reference meridian. The geographic meridian which is taken as the

origin for calculating longitude. In the USSR, as in the majority of

—

other states, the Greenwich meridian is taken as the reference meridian.

Hi BRIPOBARYE
NIVELIROVANIYE

Levelling. Determination of the altitudes of points on the carth's
surface relative to some selected point or above sea level. Three types
of levelling are distinguished: geometric, geodetic (trigonometric), and
barometric. Geometric levelling is accomplished by sighing with a borizontal
ray and reading the difforence in hei¢hts from rods. Geodeiic (trigonometrice)
levelling consists of dotermining the difference in altitudes from a vertical
angle and from a distance. Barometric levelling consists of determining

the difference in altitudes from the difference in atmospheric pressure.

HOVEH JIATVPA KAPT
NOMENKLATURA KART

Map nomenclature. A system for designating sheets of topographic maps.
The nomenclature of maps is directly connected with the ruling of the
sheotss  The frames of thoe sheets of topographic maps of the USSR are

primarily meridions and parallels. On  some topographic maps of capitalist

states the trames of the sheets are served by lines of the kilometer grid.




i — omete

R St i o S o e S o s it i Al

RA-011=68 52

The nomenclature of topographic maps of the USSR have as their basis
the nomenglature of a map of a scale of 1:1,000,000, which cohsists of a
capital letter of the Latin alphabetdesignating the zone (origin for reading,
from the equator, further, to the north and south’), and Arabic rnumbers desig-
nating the number of the column (origin for reading, from the 180% meridian
to the cast, from 1 to 60, scc fig. 2i). Map sheets of a scale of 1:500,000
arc obtained as a result of dividing a sheet of a 1:1,000,000 map into four
sparts. Their designation includes the nomenclature of the sheet of the
1:1,000 map with the addition of a capital letter of the Rugsian alphabet
(A, B, B, I'; sce fig. 22), The order for dividing the iritial sheet to

obtain map sheets of a larger scale are indicated in Table l4.
Table 14

Summary cable of the ruling, dimensions, and nomenclature
of map sheets

l -

. Pasuep ansre
Hexe pndd P

Maciorad anct 1an | Koanuectao ' Oboanauenye THnoB3R JRONSH
‘35 < pasrpadxn AxcIos . - (Hyuepiand ducTon NOMCHKANTYPM
X3p1M _aakwozo | ¥ HCEX0aMOw ino mpuno aca]  # Hexoanow)
) pote | rore
- o c. lel g g h_.
1+ 1000000 Hexoane ] » | 6° —_ N 35

1:300000 |1 tovoooe] 2x2=4 | 2 | 3 | A.B.B.T |N—35—7
12200000 110000000 6¢6=36 | 40 | 1o li, th,....XXXVIN —35—XXXVI
1:100000 |1 tovoouolixiz=144]20 300 | 1 2., 149 [N—35— 144

I 50000 [1-100000 | 2X2=4 |10 |15 | A BB I [N—35—144=T
po25000 I 50000 | 2xe=4 | 5 |7.5| a6 er [N—35—144—C—r
1 10000 |1. 25000 | ax2=4 |2,6[3 .25 L2384 [N=s-1-rores

Remarks: 1. The numerical and letter numbering within the initial
sheet increases from left to right and from top to bottom,.

2. North of the GO™ parallel, map sheets are published in pairs,
and north of the 76° parallel, quadruples for longitude (fig. 21).

3. Map sheets of a scale of 1:200,000 were formerly issued quadrupled
for some territoriés. Listed in the notos were all sheets covered by the
quadruple sheet. A typicai note of the nomenclature of quadrupled sheets:
N - 35 - XXIX, XXX, XXXV, XXXVI.

Key to table: a - map scales; b - initial sheet for ruling the given
sheety ¢ = number of shecets in the initial sheets
d - dimensions of sheet; e = for latitude; f - for
longitude; g - designation (numbering of sheets in
initial sheet) h - typical nomenclature note.

e o G 19 At i o e i+ o =
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A cen be seen from the table, the nomenclature of maps of a scale of 1:200,000
coitsigts of the nomenclature of a sheet of .a 1:1,000,000 map with the addi-
tion of the Roman numerals (1-XXXVI, see fig. 23), the nomenclature of maps

of 1:100,000 with the addition of Arabic numbers (1-144, sce fig. 24). The
nomenclature of maps cf 1:50,000 consists of the nomenclature of maps of
1:100,000 with the addition of letters of the Russian alphabet (A, E, B, D,

sec fig. 25). The nomenclature of map of 1:25,000 consists of the nomen-
clature of a map ¢4 1:50,000 with the addition of a lower case letter of the

Russian alphabet {(a, =z, n, p, sce fig. 25).

OB-OP “ECTHOCTH
OBZOR MESTNOSTI

View of the terrain, Th. possibility of encompassing (seeing) the
surrounding tertain with a giar » The view (degree to which looked over)
of a terrain sector {zone) deperd- on tle nature of the relief, the prescnce
of vegetation (forestg, gardens, vig.), populoted places, anil individual
structures, as well as on thé tise ofay and motcorological conditions.

Viewing conditions which depend c¢n ‘the nature of the terrain may be
studied with sufficient c-~pleteness from topographic maps with a scale
of 1:25,000 - 1:100,000 and aerial phctos.

OB30HHAST KAPTA
OBZORNAYA KARTA

General map. A splicing of topogrgphic maps of a scale of 1:100,000,
1:200,000, or 1:500,000 (somictimes 1:1,000,060) on whis: the following are
accented (by underlining, increasing subscripts or couventional signs, shading,
washing): the most important objects on the terrain (basic relief forms, main
populated places, roals and water obstacles, engincer structures on roads
and rivers) and the basic qualitative characteristics of these terrain ele-
ments and objectives are given. Sometimes, the yjeneral map may reflect data
on the protective and concealmend properties of the terrain, as well as on

trafficability conditions.

OBPAT
OVRAG

Gully

A negative relief form created by temporary and small, permanent.
currents of water, with steep slopes (walls). Gullies arce formed primarily
on clay and loamy soils. In length they are from tens of meinsrs to

soveral kilometers, in width up to several tens of meters, and up to 10 meters
or more in depth.
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OI'H{EBG. TPESEHD
OGNEVOY GREBEN!

Fire crest. The name sometimes used for military crest [boyevoy

greben'] (sce).

ONHCAHPS] MECTHOCTV
OPISANIYA MESTNOSTI

Terrain description. Milita vy geographic descriptions compiled for
operational directions, theaters of military operations, or parts of them;
various types of handbooks on the terrain., All enumerated terrain des-
criptions which are illustrated by photographs, drawings, diagrams; tables,
ete., include generalized data on the terrain, as well as data which cannot
bée expressed on maps: scasonal changes, composition of the population,
information on the economy of a region, climatic conditions, etc. Military
topographic descriptions present greater particulars and details; data of

military-geographic descriptions have a more generalized character.

Special handbooks on the terrain are compiled occasionally for the accomplish-

ment of a specific task.

ClIOPHAH PEOLEINVRCKAA CETH (OI'C)
OPORNAYA GEODEZICHESKAYA SET' (0GS)

Geodetic control net. The aggregate of points which are affixed to
the terrain by special markers (underground and on the surface), the
coordinates of which and the Y-azimuths of which (to other points or special
markers) are determined with a given accuracy. The geodetic control nct
includes:

state geodetic net (see);

special purpose geodetic net (0GSS);

special purpose net of reference points (ORss).

Special purpose geodetic nets (0GSS) and special purpose nets of re-
ference points (ORSS) are developed (intensified) on the basis of points of
the state geodetic net. The rectangular coordinates of 0GSS points are
usually determined wiith mean errors of no more than 2 meters and Y~azimuths
of sides of the 0GSS and ORSS and lines of direction to individual reference
points are determined primarily with mean errors of no more than 1'. The
coordinates of ORSS points are determined from topographic maps of a

larger scale.

UFHEHTHP
ORIENTIR

Referenee points. Any object (relief detail) of the terrain which is

easily noticeable {(distinguishable) against the surrounding background.
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Reference points are wideély used to indicate one'!'s location, direction of
movement, positions of rargets; and other objects.

In combat, reference points are selected and indicated by the senior
commander. The reference points are numbered from right to left and' by
terrain lines (from one's self in the direction of the enemy). For con-
venience in recalling reference points, they are sometimes-given code
designations which reflect their most characteristic features, for example,

"House with the blue roof,' ctc.

OPHEHTHPOBAHHE
ORIENTIROVANIYE

Orientation (topographic). Determination of own location with respect
to the directions of the compass and reference points (local objects and
relief clements), as-well as the clarification of the situation, on the
terrain, of its individual clements, friendly troops, the enemy, and other
objects, adhering to an assigned or seclected direction of movement (route).
Depending on the situation, degree of equipping with technical means,
terrain conditions, and visibility, various methods of orientation are used
{sce Chapters VII and VIII),

OPTOXPOMYA
ORTODROMIYA

Orthodrome. The shortest distance between two points on the carth's
surface. If the earth is taken as a globe, the orthodrome represents an
arc of the great circle. On the terrestrial spheroid, the orthodrome is

a complex curve which is called a geodetic line (sce).

OCVIIKA
OSUSHKA

Dry arca. A strips of the seacoast which dries out during low tide.

ocuny
0SYPI

Talus. An accumulation of fragments of broken rock on mountain slopes.
Sometimes the talus slides, scems to flow, along the mountain slopes,
particularly when their state of rest is disturbed. Talua slopes are shown

on topographic maps by means of special conventional signs.

OTAETVA BFCOTH
OTMETKA VYSOTY

Altitude reading. On a map, a spot printing of the absolute altitude

of points on the terrain., It should be kept in mind that altitude readings
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found on topographic maps are not always the crests of heights; they may

be on the slopes and even on rivers, lakes (see water's edge [urez vody]l).

OTMBBKA
OTMYVKA

Shading. The tinting with color or tone of a height or sharpness of
reliei, as well as the depths of bodies of water (seas, lakes, rivers) cus

maps. It i's used as a supplement to contour lines on some general geographic
and special maps.

OTHOCHTEABHOE NPEBEWEHHE
OTNOSITEL'NOYE PREVYSHENIYE.

Relativé altitude difference (relative altitude), The height of one

point of the earth's surface above ancther (of a crest above the foot

of the siupe, etc.).

OUEHKA KAPTH
OTSENKA KARTY

Appraisal of map. Acquaintance with a topographic map in preparing
it for work. In appraising a map, a clarification is made of the map
scale, contour interval, year of photography or preliminary survey, number
and year of photography or preliminary survey, number and year of publication,

directional correction (for greater detail, see Scction 3, Chapter I1I).

AHOPAMA
PANORAMA

Panorama (panoramic telescope). 1. An artillery optical instrument,
a component part of a gun sight for field artillery; it permits conducting
an all-round survey without changing the gunner's position., 2. An oblique
sketch of the terrain with an angle-measuring grid plotted on it; used for

fire control of field artillery.

HAHTOPPA®
PANTOGRAF

Pantograph. An instrument for redrawing graphical documents with a

reduction or increase in scale.

PBAPAJLTENR
PARALLELI

Parallels. Lines for cutting the surface of ithe earth by planes which
are parallel to the carth's cquator [ekvator zemnyy] (sec)y all points which

lay on a given pas iJlel bave the same geographic latitude,
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Bearing. A synonym for magnetic azimuth (sce); the term is used in the

Navy. To take a bearing means to intersect or determine the location of an

object of interest.

HEPT3AM
PEREVAL

Pass., The place which is lowest and most accessible for passage on a

mountain crest or mountain mass.

AEPETHS CIPATA
PEREGIB SKATA

Bend of a slope.

from a steeper to a gentler slope or vice versa.

HEFERAT
PEREKAT

A line of sudden change in the steepness of a slope

Bar. Ashallow portion of a river, usually most accessible for fording.

The basic indicator of a bar is a widening of the river channel.

NEPCAEKTHBHAA G"EMIA

PERSPEKTIVNAYA

Oblique survey.

purpose of obtaining an oblique survey or panorama (sce).

SUYEMKA

A visual drawing of the terrain from one point for the

As ground

photography instruments are introduced among the troops, oblique surveys

are losing its independent significance.

Wt

Sands. A surface continuously covered by sand (fine fragments, most

often quariz grains with a size of from 0,05 to 2 min), poorly fixed or

not fixed by vegetat

ion.

The following sands are distinguished: flat, hummocky, dune, ridged,

barkhan, alveolar, and cellular.

The external drawing of sandy surfaces

is reproduced on modern topographic maps by a pointed image which recalls

their photography obtained from the air.

In adddition, large forms of more

or less stable sands are expressed by contour lines.

Most difficult to ncgotinte are dune and barkhan sands which are not

fixed by vegetation,
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TJASHY
PLAVNI
I'looded arcas. Swampy portions of river floodplains and delta~,

usually overgrown with receds and cane. As a rule, the flooded areag atound-
with lakes.

1Y o

PLAN

Plan (topographic), the representation. on paper in an orthogonal jiroa-
Jection, of a small section or object of the terrain. Plans are usually
compiled in large scales; as a rule, local objects are characterized on
them in greater detail than on maps.

A variety of topographic plans are plans of cities, railroad junctions,
naval bases, etc., which are widely used by troops in organizing and
‘conducting batile for these points. As a rule, located on a city plan are
not only data on ground objects but also on underground objects (suhwny,
sewange sys*ems, communications commutators, etc.), Lhe names of streets are
given (directly on the plan or in a lisc on the margins with the indication
of their location by grid square, specially plotted on the plan for this),

a detailed list of the most important objects is indicated, and information
is provided which gives the political, economic, and military characteristics

of a given place. Cily plans are sometimes created on a photographic base,

i.cey in the form of pholo plans.

TAAHL ET
PLANSHET

Pletting board. 1. A square board used for the gluing together of

paper in producing topographic surveys; it is part of the plane table

kit. 2. The survey original of a map sheet. 3. A case (porifolio) for working

with a map under ficld conditions.

nARG
PLES

Reach. A deep section of a flatland river, usually with a quiet current.

NA0CHOMOPhE
PLOSKOGOR'YE

Plateau. A section of flatland terrain located at a consgiderable

height above xea level,
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‘Dams A hydfdulic Structupe for faizing water. The .doms of hydro&lcciric

A

N
N

.. . ) . . . ) p p 8.
g poweér gtations have a water jump-of up to 20 meters.or:more. -With- damg

. which are erected -only for navigational pirposes, the watef jump uspally

%?% does not exceed 2-3 meters.

Z AN
or PIS¥ ~ :
/1 It PLYAZH

’ Beach.

The gently sloping alluvial shore which is covered -by -sand,
gravel, or pebblas;

NOBEPEXBE
POBEREZN'YE

Coast. A. part of the land which abuts

directly on the shore of a seca
lake.

NOLGIBA
PODOSHVA

Foot. The base of a mountain, hill, or other clevation. The foot
represents the line for transition from the horizontal or slightly sloping

surface to a ‘steeper slope.

NOAMA
POYMA

Moodplain. A part of a river valley which is inundated during high

water. The floodplain of a large river is usually scparated from the
channel by a steep bench (Mgill") which has been washed out or a strip

of channel- sands, The floodplain is usually cut up by streams and oxbow
lakes. On the outer side, the floodplain is limited by a gently sloping

rock slope or ledge of a terrace.

[TQNEBAA 'OPOrA
POLEVAYA DOROGA

3

: Field road. A dirt road of local significance, usually scasonal
& (for field work, ete.) and which stops abruptly in the field.

4

- NIJIHKE  KOOPUYHATH

; POLNYYIZ KOORDINATY

Complete coordinates. Reclangular coordinates which are written

{designated) completelv without any abbreviations.

B g i gk e
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PFOJIPaf] Q3E3JIA

POLYARNAYA ZVEZDA

Pole star. A bright star of the Little Dipper constellation which is
located in the direction of ihe earth's North Pole (deviation about 1°).
The Pole Star is widely used for orientation: for determining direction to
the north and the gwographic latitude of a:point. The latitude of a point

is approximately cqual to the elevation of the Pole Star above 'he horizon.

NOMAPHIE KCOFUPHATH
POLYARNYYE KOORDINATY

Polar coordinates. Values which determine the position of a point on
a plane relative fo a point which is taken as a pole. Such -values are
the position anglé which is read from the line of ‘direction of the polar
axis in a clockwise direction .and the distance from the pole to the point
being determined. Polar coordinates are used in moving by azimuths in

target indication on the battlefield, etc.

NOTRABKA HAREABIIFHNA
FOPRAVKA NAPRAVLENIYA

Correction for.direction, The acute angle included between ‘Lhe line
of direction of a vertical line of a coordinate grid and the line of
direction of the magnetic ncedle of a compass. It equals the algabraic
difference between the angle of declination of the magnetic needle '(sece)
[ skloneniya magnitnoy strelki] and the covergence of meridians (see)
[sblizheniya meridianov] taken with their signs

N=6-v,
where
1 is the correction for dJdirection;
is the declination of the magnetic needle;

y is the convergence of the meridians.

In the artillery, it is customary to detormine the size of the cor-
rection for direction as he difference between the convergence of the meridians

and the declination of the magnetic necdle:

mey- s

nQu3A
POCHVA

Soil. The surface laver of the carth's crust which posgscosses fertility
and which bears the plant covev. The basic types of soil on the ecarth,
under the influence of e¢limate, arc disposed in zones {(belts) from the poles

toward tke cquator,
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Tundra soils occupy the northern areas'with a moist and cold climate.
Tundra soils are saturated with water, are swampy to a considerable degree,
and are most often permafrost to some depth. They are difficult to negotiate
during thé warm time of the year.

Podzolized soils are formed under a forest cover in regions of temperate
climate where more precipitation falls than evaporates. The upper layers
of the podzols contain a small quantity of soluble salty lime, iron, and
aluminum; in these layers there is much quartz which colors them in a
whitish color similar to the color of ashes. The lower layers of the
podzols contain more clayey particles than the upper layers; they arc more
compact and difficult to water to penetrate, which furthers the formation
of swamps. Terrain with podzol soils, particularly sandy loams, have com-
puratively good trafficability. Black carth scils are characterized by
a black color and high fertility and, in their mechanical composition, are
primarily clayey and loamy. During the period of the thaw, the black ecarths
furm considerable thickness of mud. The composition of black soil has few
elements which are capable of forming induced radiation but somewhat more
than in the podzolized soils.

Chestnut soils are located south of the black dirt soils, in mechanical
composition are primarily clayey and loamy, in a wet state possess considerable
plasticity and tackiness, and are close to the black dirt soils in

‘trafficability. Chestnut soils are somewhat saline and many salterns and
salt bottoms arecswidespread in their zone.

Gray soils arc soils of the scmidesert and desert; numerous salt bottoms
are widespread in their zone. Gray soils are primarily sandy loam and sandy
soils. Their trafficability is completely satisfactory.

Salt bottoms are soils saturated with salts. In their upper layers
typical salt bottoms contain 1% or more of soluble salts.

Salterns are also saline soils, but are considerably less so than
salt bottoms.

Salt bottoms and salterns are widespread in arid regions where less
precipitation falls than is evaporated and which promotes the emergence
of the salts in the surface layers. The large content of salts promotes

the great capabilily of these soils for the formation of induced radiations

T FTRABHAH PEADIYECKAR TO“HOCTR
PREDEL!NAYA GRAFICHESKAYA TOCHNOST!

Maximum graphic precision. The smallest possible value which in
practics can be recorded and considered in graphic measurements and laying

off d stances on a map (plan). It is customary to consider it as equal to
0.1 nmm,

&6
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HPLEIMA S« (00T 80U ATA
PREDELYNAYA TOCHNOST! MASSHTABA

Maximum scale precision. The distance on the ground which corresponds

to 0.1 mm on a map, i.e., the maximum graphic -precision. The

maximum

scale precision for maps of various scales cquals respectively:

1:10,000, 1 meter, 1:25,000, 2.5 meter., 1:50,000, 5 meters, 1:100,000,

10 meters, 1:200,000, 20 meters, 1:500,000, 50 meters, 1:1,000,000, 1100 meters.

VeGYEMNE
PROMILLE

Pro mille. One thousandth of something. Tt is designated by 0/00.

It is often used for the characleristic of the slope .of rivers and roads.

The slops of ] % signifies that the road (water sufface of a

1 meter in a distance of 1,000 metfers.

'Y QMOPEA
PROMOINA

Washout. A narrow gully (see) with vertical slopes.

"POSUNE
PROFIL®

river) drops

Profile. A drawing portraying the cross section of terrain by n

vertical plane along a given direction called the profile line. The following

arce distinguished: a complete profile (which reflects all the
on the map) and a reduced profile (with some generalizations).
the relief of the terrain to ghe greatest degree, the vertical

profile is taken as 10 tomes (or wore) the horizontal scale.

irregularitioes
To express
scale of the

In this

connection, a profile which strictly presenis the mutual altitude difference

of points distorts (increases) the steepuess of slopes (for the construclion

of a profile from a map, sce Section /n, Chapter 111).

Q" (M0GTE “FC+ HOC! I
PROKHODIMOST! MESTNOSTI

Trafficability of terrain. One of the basic properties of the terrain

which characterizes the conditions for the movement of troops off roads and

the accessability of terrain in general. Trafficabilily of the terrain

is determined by the relief, soil-ground and vegetational cover, hydrographic

not, routes of communication, and the time of year and weather conditions.
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HFANCVPORHEE ~OUVEHHATH
PRYAMOUGOL'NYYE KOORDINATY

Rectangular coordinates (plane}. 7Two linear values x and y, which
‘i determine from the shortest distances: (perpendiculars) the position of a
3 point on a plane relative to iwo mutually perpendicular lines; these lines
arc called the coordinate axes, and the point of their intersection is the

{8 origin of the coordinates. In mathematics, the horizontal line is called

A}

the abscissa (X) and the vertical line is called the ordin. » (Y)., 1In

S §

topography (geodesy) the position-of the coordinate axes is turned 90°; the
. vertical line is taken as the abscissa (it coincides with the north-south
direction) and the horizontal line is taken as the ordinate.
The system of rectangular (plane) coordinates adopted in the Soviet
Union in topography (geodesy) is constructed in the following manner. The
terrestrial ellipsoid is divided into GO zones by meridians with longitude
% which is the multiple of 6°. The first zone is bounded by the 0° and 6°
meridians, the second zone, by 6° and 12°, ctc. The numbering of the zone
proceecds from the Greenwich meridian from west to cast. The territory of
e the Soviet Union is located within 29 zones: from the 3d to the 31st
;; inclusive. The length of each zone from north to south is on the order of
’: ‘0,000 km. The width of zone at the equator is about 670 km, at latitude
3 40° 510 km, at latitude 50°, 430 km, and at latitude 60°, 335 km,
: Each zone (and all topographic maps within the limits of the zone) has
4 its own system of reciangular coordinates. The origin of the coordinates
is served by the point of intersection of the central meridian of the zone
with the equator. The X-axis is the ceniral (principal) meridian of the
zone, while the crquator serves as the Y-axis (fig. 11). In order not to
have to work with the signs of the coordinates and, thereby, to accelerate
target indication on a topographic map, the origin of the coordinates in
% each zone is shifted 500 km to the left along the Y-axis. Therefore, the
y' coordinates read from the map are arbitrary. The determination of the
actunl coordinates of y is performed from the formula
< y = y!' = 500 km,
whore
y! iy the coordinate of the point determined from the map.
So as to make it possible to determine the position of a point on the
4 torrestrial spheroid from rectangular coordinates, the number of the zone
should be added to the value of Lhe coordinate on the left.
Example. Target coordinates are determined from a map:
k. X = 5 650 420

. 3 621 510,
€ y

2

7
Pz
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Let us calculate their value.

1. The target is located to the north of the equator at a distance of
5650 km 420 meters.

2., The target is located in the 3d zone (No. 3).

3. The distance of the target from the arbitary meridian y' = 621 km
510 meters.

4, The target is located to the right of the principal meridian of the

zone at a distance of 121 km 510 -meters (621 510 - 500 000).
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Figure 11. Rectangular coordinates.

a - western boundary of the zone; b - axial meridian
(X-axis); ¢ - castern boundary of the ¥one;
d - equator (Y-axis).

NVTENPO30L
PUTEPROVOD

Viaduct. A bridge structure for the passage of one road above another.

PABE/ KA MW-CTHOCTH
RAZVEDKA MESTNOSTI

Terrain recommaissance. The collection and systematization of ine
formation about the terrain: the character und special features of the
relief, soil-ground, hydrographic network, populated places, routes of
communication, and vegetational cover; disclosurce of the presence and nature
of nntural cover and other terrain objects which detemmine its protective
properties, trafficability conditions, orientation conditions, concealment,

water supply, ctc.
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PRA3FLT3ATERAAN KAFTA
RAZVEDYVATEL'NAYA KARTA

Reconnaissance map. A topographic map with data printed on it con-
cerning defensive structures, obstacles, firing positions, control posts,
and other objects which characterize the a:fense system and the location,
strength, and weapons of the enemy. The reconnaissance map also reflects
significant chanyes in the terrain and other terrain information. The
reconnaissance map is cowpiled from materials from aecrial photograph; with

the use of other reconnaissance data.

PASTPATKA WCTOR Hhpy
RAZGRAFKA LISTOV KART

The ruling of map sheets.. See Map nomenclature [nomenklatura kart].

Y hEChHE
REDKOLES'YE

Open forest. An open forest which permits odnducting combat operations
in normal combat formations of motorized rifle and tank troops. On topo-

graphic maps, open forests are shown by a special conveniional symbol.

RO GIN POGBES

REKOGNOSTSIROVKA

Reconnoitering. 1. Reconnaissancc of the terrain and the enemy per-
formed personally by the commander, primarily in the process of working out
and making a decision. 2. Investigation of the terrain for the purpose of
studying it and determining measures for its use and improvemeni (route
reconnaigsance, roconnoitering of assembly arecas, otc.). 3. Investigation
of the terrain for the purpose of correcting and supplementing a topographic

map (topographic reconnoiterinagi.

T

REL'YEF
Relief.  The aggregate of irregularities of the ecarth's zurface,.

Typical forms of reliefl are mountain, ridge, depression, basin, saddle.

FURL e (07

RELOYLENYY MARYI T MESTNOSTI

forrain relicet model, A generalized reduced model of the terrain made
from Jocally available materials, sand, clay, =now. It is intended for gaming
@ Flonned battle (operation) under conlut wand training conditions (see

Chiapter X for the technique of preparation).
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PREPA:IIVA
REFRAKTSITA

Refraction. The bending of light rays in the atmosphere in connection
with its heterogeneity. The actual distance of the visible horizon,
due to the phéuomenon of refraction, is increased up to 10% in comparison
with the distance which would be ebiained with the strict straight-line pro-
pagation of the rays. Refraction is vonsidered in determining the con-
ditions for optical and radar (in the millimeter-centimeter band) observation
over a distance of 5 km or more (for greater detail, see Section 3,
Chapter V),

PHY

RIFY

Reefs. Sharply expressed elevations of the vottom of seas and oceans
above and beneath the water which are dangerous for navigation; they are

shown on maps.

POVALA
ROKADA

Rocade. Roads (railroads, highways, dirt) in the area of combat

operations which run approximately parallel to the front linc..

FMB
RUMB

Bearing. The angle between the northerly or southerly direction of a
meridian and a given line of direction, the course of a ship, wind
direction, etc. The bearing is read in both directions from the ncarest
meridian direction, north or soutn. The size of the bearing canmnot be
greater than 90°. The bearing is always accompanied by an indication of
the quarter of the horzon in which the given line of direction is located.
The quarters of the horivon are designated by the first letters of the
dircctions of the compass: NE (northeast), SE (southeast), Sk (southwest),
AW {northwest), For examplo: NW 18° means that the bearing is read from
the northemn direction of the meridian to the west and cquals 180,

Bearings are used in sea navigation, meteoroloay, land management,

and other ficlds.

LR T SN

|
RUSLO

Channel, The bed of a river in which it flows in normal timesxs during
high water, the river flows out of the channel and inundates the floodplain

(sce).  Ihe nature of the channel's structars, including the position of

o e e i e
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the waterway (see [farvater]) is presented in fig. 12.

Figure 12, River channel.

a - plane view; b - beach; ¢ ~ reach; d - waterway;
e - bar; £ - shallows; g - transverse cross section
through AB.

CAKCAVJI
SAKSAUL

Haloxylon. A draught-resistant woody plant of the desert of Central

Asia up to 6~10 meters in height with a hard but brittle wood.

CAPAOBA
SARDOBA

[No English equivalent] An artificial reservoir with a dome brick
superstructure in the waterless areas of Central Asia. The dimensions of

sardobas are up to 17 meters in diameter and up to 15 meters deep.

CBAMKEHHE MEPHAHAHOB
SBLIZHENIYE MERIDIANOV

Convergence of meridians. The angle between the geographic meridian
of a given point and the vertical line »of the kilometer grid or line parallel
to it. The amount of convergence of meridians increases with an increase
in the latitude of the point and its distance from the central meridian
of the zone; -on topographic maps of the USSR it does not exceed 3°. The
amount of convergence of the meridians fo; the central (middle) point of a
map is printed in the southwestern corner of the sheet. For any point on
the map, the amount of convergence of meridians may be determined frum the
formula

y = yK,
wherc
is the convergence or the meridians in minutes;
is the ordirate of the given point in km;
K is a factor the size of which depends on the abscissa of the given
point (Table 15).
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Example. Let us determine the convergence of meridians at a point

with coordinates:

X

6 019 425;
y = 3 455 680.
We round off the value of the x-coordinate :to tens of kilometers
(x = 6020 km) and, from the table, we find (for x = 6020 km) the corresponding
value of the factor: k = 0.749.

We convert the arbitaiy value of the ordinate to the actual value read
from the central meridian and round it off to tenths of a kilometer (3,
number of zone, 455 680 meters - 500 km = -44320 meters); i.e., y = ~4h.3 km.
Consequently,

vy = =4h.3 + 0,749 = -33.2' = -0°33",

Table 15
Table for calculating couvergence of meridians,
.r: M K d Jaxm K d |xun] K d | x e K d
4900 1°0,393 5100 | 0,558 6100 | 0,769 7100 | 1,102
’ 13 _ 18 26 0 45
4100 | 0,406 5200 | 0.576 6200 { 0,795 7200 1,147
: 14 18 27 49
4200 | 0,420 5300 | 0,594 6300 0,822 7300 | 1,196
13 19 29 51
4300 | 0,433 5400 | 0,613 6400 |.0,85! 7400 | 1,247
15 ! 20 ¥ at 55
4460 | 0,448 1 §500 | 0,633 2 6500% 0,882 a 7500 | 1,302 61
4500 | 0,462 5600 | 0,653 6600 | 0,913 7600:¢ 1,363
15 2] A 64
4609 | 0,477 5 5700 | 0,674 2 6700 § 0,947 % 7700 | 1,427
4700 | 0,492 5800 | 0,697 6800 | 0,982
16 . 23 38
4800 { 0,508 5900 | 0,7 6900 | 1,020
16 ]2 . 40
4900 | 0,524 6000 | 0,744 7000 | 1,060
17 20 42
5000 | 0,541 17 6100 | 10,769 LTI 102
5100 | 0,558 ‘

CEOPHAA TASMMUA
SBORNAYA TABLITSA

Index map. A sel . .¢& small-scale map indicating the ruling and
nomenciature of topograpnic maps of one, and sometimes of iwo or three
scales. Index maps are used to determine the nomenclature of map sheets
in preparing requisitions for maps as well as for a graphic rccord of map

supplies (see Zigures 20, 21).
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CEILIOBHHA
SEDLOVINA

Saddle. A depressed part of a'ridge which recalls a saddle by its

ﬁhape; in the mountains, it is the location of a pasez (see) across a

mountain ridge, as a rule.

CHCTEMA KOOPDHHAT 19L2 p.
SISTEMA KOORDINAT 1942

1942 coordinate system. The arbitrary designation of the system of
. geodetic coordinates used in the USSR. In 1642, the Soviet scientists

F. N. Krasovskily, A. A. Izotov, and others, completed work on making :the
earth's dimensions more precise. Used formerly in the USSR were dimensions
of the carth determined by the German scientist Beéssel in 1841. The -
average radius of the earth according to Krasovskiy is 6,371,118 meters,
according to Bessel, 6,370,290 meters. Made mwore precise simultaneously
with the establishment of the carth's dimensions were the coordinates of
the Pulkovskiy astronomic observatory - the initial point for determining
geodetic points (sce geodetic coordinates).

In 1946, by decree-of the Soviet government, the refined dimensions
of the earth and coordinates of the Pulkovskiy obsurvatory were adopted as
mandatory in determining the coordinates of geodetic points and creating
maps. Since this time, topographic maps have been published in the
1942 coordinate system.

Maps published in the 1942 coordinate system have several special
features in comparison with maps published carlier; the dimensions of the
map borders were somewhat increased (up to 0.1 mm), the distribution of th
map borders relative to the terrain objects was changed, and, what is most
significant, the position of the coordinate grid relative to the borders

of the maps and terrain objects was changed.

CHAY
SKAT

Slope. The inclined surface of relief forms. The basic clements of
a slope are (fig. 13):

steepness, angle of incline of the slope to a horizontal planocy

height, the vertical distance of the highest point above the loweat;

horizontal prejection of the slope, the projection of the slope to n
horizontal plane;

trend, the trend of the shortest distance from the upper point of the

slope to its foot, along this trend, the steepness of the slope is greatest;
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bend in the slope, the line of sudden change in the steepness of the

slope from the steeper to the gentler or vice versa.

Figure 13. Elements of slope D.

o - steepness of slope; h - height of slope; d - horizontal
projection of slope.

CKAT BOTHYTHI
SKAT VOGNUTYY

Concave slope. A slope, the steepness of which is reduced toward the
foot; on a map, it is represented by contour lines the distance between
which is increased down slope (fig. 14). A concave siope can be observed

completely and fired through completely.

£/
) 1|

0L

[
)

Figure l4. Concave slope.

CKAT BOJIHHCTRI
SKAT VOLNISTYY

Wavy slope (mixed). Represents a combination of concave, convex,

and smooth slopes (see).

CKAT BCTPEYHR{
SKAT VSTRECHNYY

Meeting slope. A slope within the enemy's dispositions which drops

in the direcction of own troops.

CKAT BHIIV Kb
SKAT VYPUKLYY

Convex slope. A slope the steepness of which increases toward the

foot; on maps, it is shown by contour lines, the distances between which are




e L N e B s S perr N b b e | cg
T T T L N TR doel . e SV P 5 > b

e s

A A PRl

< - - S e w L \s
e ke s e .

RA-011-68 71

0/;.
997

Figure 15. Convex slope. Figure 16. Smooth slope.

reduced down siope (fig. 15). A concave [sic] slope is observed and fired

through by flat trajectory fire only up to the bend in the slope.

CKAT OBPATHEL
SKAT OBRATNYY

Reverse slope. A slope which drops toward the rear of friendly troops.

CKAT MEPENHHI
SKAT PEREDNIY

Forward slope. A slope which drops in the direction of the enemy.

CKAT POBHES
SKAT ROVNYY

Smooth (straight) slope. A slope, the steepness of which is the same
over its. entire length; on maps, it is represented by contour lines, the
distar ses between which are equal (fig. 16).

CKIOHFHVE MATHWTHOH CTPRMG
SKLONENIYE MAGNITNOY STRELKI

Declination of the magnetic needle. The angle between the geographic

meridian and the line of direction of the magnetic needle (magnetic meridian).
The amount of declination of a magnetic needle is subjected to long-time

and daily fluctuations as well as to temporary disturbances under the in-
fluence of magnetic storms. With a declination of the magnetic needle to

the east, the declination is considered castern (+ sign) and with a declina-

tion to the west - western (- sign). The declination of a magnetic needle

and its annual changes are shown on topographic and special maps. The

declination of a magnetic ncedle fluctuates sharply in regions of magnetic
anomalies.
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CKOPOCTb TEVEHHA PEKH
SKOROST!' TECHENIYA REKI

Speed of Fiver current. One of ithe basic characteristics of rivers
(Table 16).

Table 16

Nature of cufrent Speed of current, meters/sccond

Flatland rivers ‘hountain rivers

Weak . Up to 0.5 Up to 2.0
Average 0.5 - 1.0 2,0 - 4,0
Rapid 1.0 - 2,0 4,0 - 6.0
Extremely rapid Above 2.0 Above: 6.0

CHEIOBAA JIMHHA
SNEGOVAYA LINIYA

Snow line. The lower limit of the zone of permament snow in..the
mountains. The altitude of the snow line depends on the geographic
latitude of the point, proximity of wamm ocean currents, and several
other causes (sce Mountain terrain).

COKPANEHHHE KOOPHUHATH
SOKRASHCHENNYYE KOORDINATY

Abbreviated coordinates. The arbitrary abbreviation of rectangular
coordinates in target indication on a topographic map where only ‘the tens
and units of kilometers and meters are called (recorded). For example:
x = 62,700, y = 14,550, which means x = 62 km 700 meters, y = 14 km 550 meters.
Abbreviated coordinates are used for bvevity in recording (transmitting)
coordinates. It is not recommended that abbreviated toordinates be used
in operations at the junction of zones since tnis may lead to confusing

targets disposed'in different zones and to coarse errorg.

CPEAWHHAA OWMEBKA
SREDINNAYA CSHIBKA

Median error. One of the criteria for cevaluating precision of measure~
ments. The size of the median error in absolute value is greater than any
of tho errors of one half the errors of a given series of measurcments and
less than ecach crror in the other half of the errors, disposed in ascending
order.

The medianh error equals approximately 0.7 of the mean square error
[ srednyaya kvadraticheskaya oshibkal (see).
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CPRIHAA.-KBAIPATHYECKAA OLHMBKA
SREDNYAYA .KVADRATICHESKAYA OSHIBKA

Mean square error. The primary-criterion in evaluating precision of
measurements. The mean square error equals the square rcot of the
sum of the squares of the errors of a given series of measurements divided

by the number of measurements.

CPELHAA GIHBKA
SREDNYAYA OSHIBKA

Mean error. A criterion forevaluating the precision of measurementse.
The mean &rror equals the sum of the absolute values of the sizes of in-
dividual errors cbtained during measurements divided by the number of measure~
ments. The mean error is approximately equal to 0,8 of the mean square

error (see).

CTBOP
STVOR

Line of direction. A vertical plane which parses through two points
on the terrain. To be in the line of direction means to be at some third

point which is located in the designated plane.

CTEND
STEP?

Steppe. A natural zone of the temperate belt with a dry continental
climate and the predominance of drought-resistant grassy vegetation (mixed

grasses, grains, feather grass-fescue).

CTEPEONAPA
STEREOPARA

Stercopair. Two photos of the same terrain obtained from two photo
points. The simultancous examination of the stereopair, with the correspending
placement of the photos separately, with two eyes (left photo, left eye;j
and right photo, right oye) provides a stercoscopic (three-dimensionaly,
effect.

The stercopair is examined by means of a stereoscope (sce) or other

stercoscopic instruments,

CTEPEQCKCN
STEREOSKOP

Stereoscope. An instrument which permits obtaining a threc-dimensional

image of a photugraphed object (terrain, trench, tank, etc.) from two photos
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which comprise a stercopair (see). The stereoscope assures the separation
of the vision of the left and right eyes, as'well as magnification of ‘the
photographic image. For the interpretation of aerial photos, lens-mirror-
stercoscopes are usially used, onevof the varieties of which is shown ins

figure 17. (For the use of a stereoscope, see Section<8, Chapter IV).

Jepxaﬂa\

Reenis  0apocHUMOX ¢ Masyd  arpicrusax
d

Figure 17. Lens-mirror stereoscope.

a - mirrors; b - lenses; ¢ - stercopair; d -~ left
acrial photo; e - right aerial photo.

CTOPOHH [OPHIOKTA
STORONY GORIZONTA

Directions of the compass. The basic dircctions used for orientation
on the carth's surface. The chief ones are north, south, cast, and west.
The N = S direction, direction of the meridian, is taken as the initial

direction; the E -~ W direction is perpendicular to it.

CTPEXEHb
STREZHEN!

Decp channel in a river. The line of greatest speed of current of a
river which, as a rule, coincides with the position of the greatest

depths (see Waterway [farvater]).

CYIJHHOK
SUGLINOK «

Loam. A fine-grained loose soil which contains 12 - 25% clay
particles. With respect to difficulty to work, it belongs to the average

group; it gels soaked in rainy weather.
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CVMEPKH
SUMERKI
Twilight.

1. Astronomi¢ twilight, the interval of time from the setting of the
sun to the moment that it drops 18° Lelow the plane of the horizon and,
correspondingly, prior to sunrise. In the first case, it is evening twi-
light, in the second - morning twilight.

2, Civilian twilight, the interval of time after sunset:-as well as
before sunrise when jllumination permits reading in the open air without
artificial illumination, distance objects can be clearly seen, and orienta-
tion and target indication:on the ground are possible with the same procedures
as during the day. In duration, civilian twilight is approximately 7/18

astronomic twilight.

CVNECH (cynmecox)
SUPES!' (Supesok)

Sandy loam. A fine-grained loose soil conteiniang 3 - 12% clay particles.
In difficulty to work, it belongs to the group of easy soils and possesses

extremely good road qualitites in any weather,

CXEMA MECTHOCTH
SKHEMA MESTNOSTI

Terrain sketch. A simplified sketch of a terrain sector which is pre-
pared from a map, aerial photo, or directly on the ground (for conventional

signs which are used in preparing terrain sketches, see Section 9, Chapter IX).

TAYIA
TAIGA

Taiga. A region of virgin pine forests of the temperate belt. The
taiga is difficult to negotiate due to the abundance of wind-fallen

wood, slash fires, and swampy sectors.

TAKTHYECKHE CBOHCTBA MECTHOCTH
TAKTICHESKIYE SVOYSTVA MESTNOSTI

Tactical properties of the terrain. Properties of the terrain which
have a significant effect on the conduct of cumbat operations by troops.
The basic tactical properties of the terrain usually include conditions
for protection against weapons of mass destruction, trafficability conditions,
and conditions for camouflage and observation. In desert terrain, a con-
siderable influence on the actions of the troops is had by conditions for water

supply and orientation.
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TAKEIPH
TAKYRY

Takyr soils. Claycy sectors in deserts and semideserts with a smooth,

cracked surface in the dry period and sticky mud after rains. Takyr soils

are shown on topographic maps.

TEPPACH
TERRASY

Terraces. Forms of slopes of the relief in the form of horizontal

or slightly inclined steps.

TEPPHKOH
TERRIKON

Waste pile. A cone~shaped dump of rock at a shaft or mine.

TECHHHA
TESNINA

Defile. A narrow pass with very steep or perpendicular slopes, often

completely occupied by a river channel.

THTIOBLE $0PMH PEJILEDA
TIPOVYYE FORMY REL'YEFA

Typical relief forms. Sce Relief.

TONOrEONESHYECKAST TMOATOTOBKA
TOPOGEODEZICHESKAYA PODGOTOVKA

Geodetic survey. A part of the geodetic rupport of the combat activities
of troops. It includes:

the creation of the initial base for the survey tie-ing

the survey tie-in [topogeodezicheskaya p.s«vyazkal (sce) of positions,
posts, points.

The initial basc for the survey tie-in is provided by the geodetic

control net (sec), topographic maps, and acital photos (photomaps).

TINOIEQLESRYECKAA MPHBASKA
TOPOGEODEZICHESKAYA PRIVYAZKA

Geodetic survey.tie-in (of positions, posts, points). A part of the
geodetic survey. It includes:

determination of the rectangular plane coordinates x, y, and aititude i
of the points being tied inj

determination of the grid azimuths of reference lines of directions
which are necessary for the laying of rockets, launchers, guns, and in-

struments in an assigned direction.

“
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The geodetic survey tie-in may be performed on a geodetic basis and
from a map (aerial photo).

In the geodetic survey tie-i1 on a geodétic basis, the coordinates x
and y of the points being tied in are determined with the use of instruments
relative to points of the geodetic control net (see). Grid azimuths.of
reference lines of directioh .are determined from lines of direction of the
geodetic control net (geodetic method), as well as by astronomic and gyro-
scopic methods. The altitude H of a point which is being tied in .is deter-
mined from a-map.

In the survey tie-in from a map (aerial photo), the coordinates of the
points being tied in are determined by means of an odograph (see [topo-
privyazchik]) or jnstruments relative to map points of a map (aerial photo)
of a Bcale no smaller than 1:100,000, Grid azimuths of reference lines of
direction are determined primarily by gyrocompass, less often by the
PAB aiming circle, from heavenly bodies, and by other methods. The

altitude H of the points being tied in is read from a topographic map.

TONONEONESHYECKOE OBECNEYEHUE
TOPOGEODEZYCHESKOYE OBESPECHENIYE

Geodetic survey support., A type of support of combat actions of troops,
the essence of which consists of the preparation and delivery to the troops
of topographic and geodetic data on the terrain and the carth (terrestrial
sphere) which are necessary in planning, organizing, and conducting combat
actions.

The primary missions of geodetic survey support are:

the creation (updating) of topographic and special maps and their
timely supply to the troops;

the development (intensification) of geodetic nets and supplying the
troops with lists of the coordinates of geodetic points'nnd gravimetric
data necessary for effective employment of rocket weapons.

The developméét of gcodetic nets and creation of maps are achieved by
the execution cf long and extremely complex scientific-technical work which
is accomplished ahead of time and in the course of the war, primarily by

organs of the Military Topographic Service and special chast' (podrazdeleniye).

TONOI'PAGHYECKAA PA3BEAKA
TOPOGRAFICHESKAYA RAZVEDKA

Topographic reconnaissance. The collection and systematization of data
on the terrain which is accomplished by its direct investigation, from
aerinl photos, reports, and other materials with the purpose of creating
control nets, supplementing and correcting maps, and creating special maps,

descriptions, and information about the terrain.
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TONIOTPAGHYECKHE JAHHLE
TOPOGRAFICHESKIYE DANNYYE
Topographic data. Data concerning the terrain, its relief, and local
objects and about its location, dimensions, configuration, etc. Topographic
maps and aerial photos serve as the most important source for obtaining

topographic data.

TCNOPPAYHYECKHE KAPTH
TOPOGRAFICHESKIYE KARTY

Topographic maps. See [Karty topograficheskiye].

TONOT'PAHYECKHE YCJIOBHHE SHAKH
TOPOGRAFICHESKIYE USLOVNYYE ZNAKI

Tepographic conventional signi. A system of graphical, numerical, and
textual designations which are used in combination with coloring to re-
present the terrain on topographic maps. The following topographic con-
ventional signs are distinguished: scale (expressing terrain elements at
the scale of a given map), off-scale (showing a local object without con-
veyinkg its boundaries), and explanatory (showing the direction and speed of
current of a river, number of yeards, type of production, etc.). In the
USSR, a syscem of topographic conventional signs has been adopted which is

common for all departments.

TONOIPASHYECKHE OJEMEHTH MECTHOCTH
TOPOGRAFICHESKIYE ELEMENTY MESTNOSTI

Topographic terrain clements. The relief, soil-ground, md plant
cover, water objects (hydrography), populated places, road net; industrial,

agricultural and socio-cultural objects.

TONOPPAGYYECKHH TPEBEHD
TOPOGRAFICHESKIY GREBEN!

Topographic crest. See Watershed.

TONOPPAGHSA
TOPOGRAFIYA

Topography. See Geodesy.

TOTONPUBABYHKK
TOPOPRIVYAZCHIK

Odograph. A wheeled or tracked vehicle equipped with instruments for
the automatic determination of the coordinates of points on the terrain and
used for the tie-in of elements of a combat formation of missile troops and

artillery,




RA-011-68 79

TOYHOCTb TOMOMPAGHIECKHX KAPT
TOCHNOST' TOPOGRAFICHESKIKH KART

Accuracy of topographic maps. One of the batic characteristics of topo-
graphic maps. It depends on many factors (geodetic base of the map, method:
of preparing the map, distortion of the paper, ctc.) and is characterized
by cerors in the position of terrain elements on the map. According to
existing standards, the average error in the position, on the map, of objects
and tcrrain points relative to the necarest points of a plane survey net
should net exceed 0.5 mm and in mountain, high mountain, and desecrt regions
0.75 mm at the scale of the map; mean errors in the position of contour
lines should not exceed O.% h in flat and hilly terrain (h is the contour
interval of the given map) and, on maps of mountain regions, h.

In determining the position of targets and other objects on a map as
well as in the initial orientation of navigation cquipment and in other
cases, several special features of topographic maps should be considered:

in depicting populated places, the only items plotted accurately are
their outer shape, main thoroughfares, and structures ncarest to inter-
sections; the number of structures usually does not reflect their actual
number but only characterizes the building density; therefore, the building
within blocks should not be used in precise measurements;

with the dense disposition of homogeneous terrain objects (buildings,
+olls, mounds, etc.) which are concentrated on a small area, only the extreme
items are shown with preservation of their exact position;

the center between two iines which represent roads corresponds to the
middle of the roads on the terrain, while the lines of the conventional
signs themselves do not correspond to the cdges of the road in the majority
.of cases;

terrain objects which are not expressed at the scale of the map (geo-
detic point, lone tree, etc.) are portrayed in a magnified form and their
exact position on the map is determined by the main wint (line) of the con-

ventional sign (see Appendix 2, page 258),

TPHAHTYAAIIHA
TRIANGUJ YATSIYA

Traangulation. A method of determining the position of geodetic
peint -« Markers are set up ox evated places (signals, pyramids, and
others) i: such a way that tnere is intetvisibility between adjacent markers
and g network of triangles is formed., In each triangle, sll angles are
weastred with great precision and, in one of the triangles, one of thd sides
o) ond azamath are messured with great precision; from these data, all
v ot the triangles, g-id azimuihs from point to point, and the coordinates

tia (-rintr are computed,

’%
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TPUTOHOMETPHYECKHA TVHKT
TRIGONOMETRICHESKIY PUNKT

Trigonometric point. $ee Geodetic point.

TPOIH
TROPY

Paths. Trails for pedestrians and pack animals. Pathg are shown on
topographic maps only in areas which are difficult to negotiate: in

mountains, deserts, hHeavily swampy places.

TYHOPA
TUNDRA

Tundra. Terrain in areas of higher latitudes with a sparse brushy-grassy
or moss-lichen vegetation. Typical of the tundra are a long severe winter,
short cold summer (maximum temperature 10 - 12°), a small amount of precipi-
tation, great cloudiness, strong winds (particularly in winter), and
frozen ground which only thaws at the top in summer. Tundras are z.mparatively

difficult to negotiate, particularly in the warm part of the year.

YBAJ
UVAL

Rounded, low ridge. An elevation which is extended in one direction
with comparatively low heighi (up to 200 meters); with gentle slopes which
gradually transform into a plain. In military practice, terrain which abounds
with low, rounded ridges is called hilly, and the individual rounded, low ridges

are called hiils.

YPOJl MECTA UEJH
UGOL MESTA TSELI

Angle of site to the target. The angle between the gun and target
line of direction and the horizontal at the muzzle. The augle of site to the

target is calculated from the formula

€ = 1000 » B/D
where
¢ 1is the angle of site to the target in mils;
B is the height of the target above (below) the gun position
(determined from a map); ’

D is the distance (range) from the gun position to the target.
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YTOJ YKPHTHA
B UGOL UKRYTIYA

Angle of clearance. The angle formed by the horizontal at the muzzle
and the line of direction to the summit (crest) of the defilade. An angle

of ‘clearance up to 300 mils is calculated from the approximate formula

. o = 1000 * B/D;
where
a is the angle of clearance in mils;
B is the height of the defilade relative to the horizontal at the
muzzle;

D is the gun - defilade range.

YKASATENDL CKATA
UKAZATEL® SKATA

Slope indicator (incline indicator, hachure). ‘A conventional, symbol

for indicating the direction of descent of slopes in depicting the relief

—3 with contour lines. These are lines (hachures) perpendicular to the con-

tour lines with their free end indicating the direction of the slope (descent).

VJIYUIEHHAA DFYHTOBAA ANPOPA
ULUCHSHENNAYA GRUNTOVAYA DOROGA

Improved dirt road. A graded dirt road on a natural foupdation, the
roadway of which is often improved by the addition of gravel, crisned rock,
or sand. As a rule, the width of the road permits two-way traffic.

Longitudinal inclines arc up to 7°.

VPE3 BOMH
UREZ VODY

Waterts edge. The reading (value) of the absolute altitude of the water

level in a river {lake) at low water level (see).

YPOBEHHAAl NOBEPXHOCTH
UROVENNAYA POVERKHNCST*

Water-level surface. An imaginary surface of the mean level of the ocean

vhich is continued beneath the continent.

YGOBERUFHCTBOBAHHOE U'OCCE
USOVERSHENSTVOVANNOYE SHOSSE

Improved bighway. A road on a substantial foundation with a surface of

asphalt, cement, concrete, and sometimes of blocks, bricks, crusbed stone,
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and gravel impregnated with a binding substance. The width of the roadway
is at least 7 meters, and slopes arc up to 5°. In many cases; gasoline

stations and vehicle repair shops are found alongside the highway,

PAPBATEP
FARVATER

Waterway, channel. A stretch of a river with greatest depths, devoid

of obstacles, along which ships ustually sail (see Channel).

$OPMYJIA THCAYHNX
FORMULA" TYSYACHNYKH

Mil relation
D = 1000 + B/Y; B = D +1/1000,
where

D is the range to: the object;

B is the height (width) -f ihe object;

Y is the angle in mils.

The mil relation is widely used by the troops for determining distances
(range or height) from the angular dimensions of tne object measured in
milg; it provides sufficiently accurate resulis with a value of Y within
limits of 300 mils (18°).

$OTOIPAMMETPHA
FOTOGRAMMETRI YA

Photogrammetry, A technical disuipline which considers the geometric
properties of a photographic image and methods of mecasurement from an

acrial photo in creating maps, determ{ning target coordinates, etc.

POTOKAPTA
FOTOKARTA

Photographic chart. A photographic document which combines a planc
plioto image of the terrain and data placed on a map (relief, represented

contour lines, names of populated places, etc.).

$OTOMJIAN
FOTOPLAN .

Photomap. A measurement photo decument and, with the plotting of data
about the cnemy on it, a rcconnaissance photo document assembled from photos
which have been strictly reduced to one scale (rectified)s A coordinate
grid is plotted on a photomap and the names of populated places, rivers,
torrain foitures, and altitade readings are printed. Important local objects
which are difficult to read on photo images are highlighted by the corresponding

convent fonal signs.

&
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OTOCXEMA
FOTOSHKEMA

Uncontrolled mosaic. A group of aerial photos assembled (matched) by
common terrain points and glued together into one whole; it is used for

making an estimate of the ehemy and the terrain:

XAPLKTEPHRE TOYMM ¥ JHHHH PENBE®A
KHARAKTERNYYE TOCHKI I LINII REL'YEFA

Characteristic points and lines of the relief. Summits (of a mountain
or hill), the bottom (of a depression), line of a watershed (see), linc of

runoff (see), saddle (sece).

X0/M
KHOLM

Hill. A height (small mountain) up to 200 meters high above the foot.

XOMVMUCTIH PRIbRD
KHOIMISTYY REL'YEF

Hilly relief. A iype of rolief with the predominance of hllls. Relative
altitude differences are from 25 to 200 meters in 2 kmj the predominant

stecpness of slopes is 2 - 3°,

XOPAOYTVIOMEP
KHORDOUGLOMER

Chord and angle measurer. An instrument for measuring and constructing
angles on a map (fire plotting board) in mils and widely used in the
artillery. (For the technigue of measuring and constructing angles using the

chord and angle measurcr; sce Section 2, Chapter III),

AT

Ridye. An clevation which is extended in some direction.

UFJEY KASAHHE
TSELEUKAZANIYE

Target indication. The indication of a target's location which is
brief but sufficiently accurate for the accomplishment of the assigned
migsion. Target indication may be performed directly on the ground or
from a topographic map, aerial photo, or mosaic (for greater detail, sece
Chapter VI).
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UEHA AENEHHA
TSENA DELENIYA
Value of a division. The value (angular, linear) of the smallest

division of a measurement instrument (compass, aiming circle, theodolite,
slide rule, etc.).

UEHTPANIBHAA NPOEKIIMA
TSENTRALNAYA PROYEKTSIYA

Central projection. A method of projecting (transferring) a projected

figure (body) on to a plane by rays which pass through one point - the
center of the projection.

oy LUHPEY.b TTPOMOFIHOHANEHb
- s/ TSIRKUL' PROPORTSIONAL'NYY
o Proportional dividers. An instrument for measuring segments on a map
.'; (aerial photo) with their simultancous (mechanical) magnification (reduction)
;_;;,‘% the required number of times (fig. 18); it is used to transfer objects from
. f an aerial photo to a map and to prepare copies or diagrams at a scale which
'fi ? is increased or decre;sed (in comparison with the original).

K]
G A ad Figure 18. Proportional dividers.
¥ 5o

UKAJIA BATIOXEHHA
SHKALA ZALOZHENIY

Vartical profile scale. A gr ph for determining the stecpness of
slopes from topographic maps; it is located in the southern margin of the

map sheet. (For the construction and rules of use, see Section 3, Chapter
&II)-

2

[
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103
SHLYUZ

Slvice. A hydraulic structure on a river or canal which is intended
to assure navigation with sudden drops in the level of the water. The
basic elements of the sluice are: the dam (to raise the water in the river)

and the sluice chambers (for the passage of the vessels).

UO0CCE
SHOSSE

Highway. 1. The general designation of automobile roads with a hard
surface. 2. Roads with a surface of cobblestone and split rock (pavements),
or of gravel, slag, or crushed sitone, packed by rolling, often impregnated
with a binder, sometimes asphalted, and permitting automobile traffic for the
entire year. In contrast to roads of a higher class (superbighways, improved
highways), they have a less substantial foundation, in which connection they
are sibject to rapid destruction or intensive maintenance. Upgrades and
downgrades are sometimes greater than 5°. In military practice, this iype
of highway is often called a "regular highway." On topographic maps, they
are shown by a special conventional sign. The elements of a transverse pro-

file of a highway are shown in Figure 19.

flpoosman vacms ==
hdopom:n nosomno -——>|0Klo3mr—-
i

3enannos noromno

Figure 19, Elements of the transverse profile
of a highway.

a - shoulder; b - road center line; ¢ - shoulder; d -
road surfacing; e - edge; £ - -drainage ditch; g - roadway;
h « roadbed; i - subgrade; j - ditch,
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SKBATOP 3EMHO}
EKVATOR ZEMNOY

Earth's equator., A great circle of the ecarth's sphere equidistant

from the poles ani dividing the carth's sphere into the northem and
southern hemispheres.

SKBATOP HEBECHH
EKVATOR NEBESNYY

Celestial equator. A great circle of the celestial sphere, all points

of which stand 90° from the poles of the world. The plane of the celestial

equator is parallel to the plane of the earth's equator and is perpendicular
to the carth's axis,

SKIHMETP
EKLIMETR
Clinometer. An instrument for measuring angles of incline on the

ground.

AJUHNCOMA
ELLIPSOID
Ellipsoid. A body which is formed by the rotation of an ellipse around
its small axis.

AMAUIERTP
EPITSENTER

Epicenter. The projection, on the earth's surface, of the center of
an earthquake, nuclear air burst, ecte.
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Chapter II

Selecting, Obtaining, and Preparing Topographic Maps for Work

1. ‘Selection of Maps

a) Selection of topographic map scales
In selecting the scale of a topographic map, consideration is given
to the availability of maps, nature of impending operations, purpose of the

maps (for podrazdeleniye, chast', or soyedincniye, for studying the tcrrain,

orientation, etc.) and the nature of the terrain.

Preference should be given to larger scale maps when conducting defensive
operaticns, forcing water obstacles, for combat operations in large populated
places and densely populated areas, or where it is necessary to reflect the
combat situation in the greatest possible detail on a work-map.

Smaller scale maps should be used in mobile forms of combat, as well as
in organizing-a march, For orientation in movement, it is more preferable
to have a 1:100,000 ‘scale map, but under difficult orientation conditions
(in forest-swamp, mouhtain, or densely populated terrain(, it is expedient
to use a 1:50,000 map, and in accomplishing a march over long distances over
highways or in desert or desert-steppe terrain, a 1:200,000 scale mape.

In selecting a map, particularly for evaluating the terrain and orienta-
tion, attention should be paid to its timcliness (reliability) and preference
should be given tu the latest map, i.e., more recent in content.

) b) Determining map nomenclature

Nomenclature of map sheets for a given area is usually determined
from a special map index (map indices are published by the Military
Topographic Service). The nomencla%ure of map sheets can also be deter-
mined from geographic coordinates of some point of a given area or from the
nomenclature of adjacent map sheets (see Map Nomenclature of the USSR,
Chapter I). .

The nomenclature is determined from the map index by the procedure
shown in the next example.

Example. It is required to prepare a requisition for 1:100,000 and
1:500,000 scale maps for the route Nizhne-Kolymsk and Labaznoye along the
Great Anyuy River (fig. 20).

We note the required shsets in the map index and record their

nomenclature in succession:

1:100,000 1:500,000
R - 57 - 131, 143, 144 R - 57 - G
Q- 57 - 12 Q - 57 - B;
Q- 58 - 1, 13, 25, 37, 38, 39; Q- 58 - A

Wm;, TR L L T
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Nomenclature of map sheets is determined fro geographic coordinstes of

the area of int

erest with the use of numbering diagrams (fig. 21 - 25) in

the absence of a map index.

Example.

with a scale of

It is required to determine the nomenclature of a map sheet

1¢100,000 for the area of the city of Bobruysk.

We determine the geographic coordinates of Bobruysk from any geographic

map (p = 53°10!

s A = 29°15'); from them, on the nunbering diagram of maps

drawn at a scale of 1:1,000,000 (see fig. 21) we find the position of Bobruysk

and establish the nomenclature of the corresponding sheet of the 131,000,000

map (N-35).

We write down (lightly, with aplain pencil) the latitude and longitude
of the borders of sheet N-35 (o = 52° and 56°, A = 24° and 30°) on the

numbering diagram of 1:100,000 scale maps (sée fig. 24), and determine the

location of the

city of Bobruysk (¢ = 53°10', ) = 29°15')-from geographic

coordinates on the diagram. We determine thé number of a 1:100,000 map

sheet; in this case, is is sheet 107, and the nomenclature of the 1:100,000

map sheet for the area of Bobruysk is N - 35 - 107.

If it hadrbeen required to determine the nomenclature ‘of map sheets

of 1:50,000 or 1:25,000 scales, then, after determining the nomenclature

of the 1:100,000 map sheet it would have been necessary to turn to the

numbering diagram of this sheet for map sheets of scales of 1:50,000 and

1:25,000 (see tig. '25). In this, the procedure of operation is similar to

what hag been presented; the coordinates of the borders of map sheets of

1:100,000 arc written down and then, from the coordinates, the required

sheets and their nomenclature are determined.
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Figure 20. Index map.

Left of 156°, top to bottom: Alazeya; Lake Sen; Arylakh;
left of 162°, top to bottom: Medveshyi Islands; Amburchuk
Day, Kolyman; Kresty; Omolon; Zatishyaj lert of 168°: Ayon
Islana; Ambarchuk; Nizhne-Kolymsk; Small Anyuy; Great
Anyuy; Labaznoye; right of 168°: Chaunskay Bay; Anadyr;
Yeropol,.

o
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Figure 21. Numbering didgram and noménclatures of .1:Y,000,000
map sheets for the territory of the USSR.
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Figure 22. Numbering 1:1,000,000 map sheet for 1:500,000
map sheets.
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Figure 23. Numbering a 1:1,000,000 map sheet for 1:200,000

mop sheets.,
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Figure 26. Designation of the nomenclature of an adjacent sheet
in the margin of a map.
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With the availability of a map sheet, or the pasting together of

sheets, the nomenclature of adjacent (adjoining) sheets may be determined
from the legend on the sides of the border of the sheet from the corresponding
side (the legend indicates which sheet is located here, see Fig. 26) or

with the use of the numbering diagram of the corresponding scale. In the
latter «case, the disposition of ‘available sheets is determined and marked

on the diagrai, after which a determination is made of the nomenciature of
the necessary adjacent sheets in the normal manner as well as from the map

index.

2. ‘Obtaining Maps
a) General rules for supplying maps
'The function of supplying.maps in the chast' and institutions which
do not have organs of the Topographic Service are performed by specially
designated persons.
The- number of maps issued is determined by supply norws in effect..
Inclusion on the distribution list for topographic maps is accomplished
as follows. Newly formed chast', on the basis of the order of formation,
transferred chast!, on the basis of a certificate issued and verified by the
formed suppiy‘orgnn. With the first receipt of map, presented together with
the certificate is the nomenclature information of the maps which are charged
to the chast'. On leaving, the chast! turns in the unnceded maps, accounts
for those expended, and receives a certificate.
The issuing of maps is performed on the basis of requisitions compiled
in accordance with an established form (Table 17). Maps may be passed frow

chast' to chast' with permission of the chief of the Topographic Service of

the district (soyedineniye).

The shipmeht (forwarding) of maps is performed by special tiunsport,
express, liaison officers, through report collection points, and, with a
small quantity (up to 8 kg), through field communication organs. When the
recipient discovers a shortage of maps, he prepares a report and sends one
copy of the map to the shipper.

Personnel keep a record of the availability and morement of naps, as
well as a record of the issue of maps by means of specinl hooks.

Each map sheet issued for work is marked on the back in accordance with

the following form:

Troup chast' No.

From issue book No.

" n 196
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Maps with plotted situations, with the increase in their seccurity
classification, as well as when it is necessary to store them. or dispatch
them as documents, are recorded in the corresponding registers, registers
of incoming and outgoing documents. The maps are dropped from accountability
in the Issue Book on the basis of information from the department which
keeps the topographic maps.

Maps which have become unserviceable are destroyed in accordance with
a statement in the headquarters of the chast! (institution) by a specially
established commission. It is prohibited to destroy maps in the podrezdeleniye.

The exact number of sheets required are glued together for work; it
is prohibited to paste more sheets together just to even out the sheets,
cte,

Rules for filling requisitions. The requisitio:n is prepared by
scales, beginning with the largest and with the successive transition to
the smaller. Nomenclatures arc written down in increasing order, in which
respect only new (chainging) nomenclature markings are written, as shown in
the sampln. The number and year of publication are indicated in the case
where the maps are already on hand and it is desirable to receive maps of
the same edition. It is mandatovy to fill in the .column Yon hand". The
required quantity is put down for ecach nomenclature. The totals are summed
up for each sacle and for the entire requisition.

b) Requisition for topographic maps

Table 17

Requigition form

Scale, nomenclature Classifica~ No. and Number of sheets Remarks
tion ycar.of on Re- Re-
publica~ .
hand quired 1leased
tion
1:25,000
N=-35-11=Va=yv Unclassified 2-1960 10 920
] " 3~1965 10 90
Gea " 3~1965 None 100
b n 3-1965 None 100
Total 20 380

3. Preparation of Maps for Work

Preparation of maps for work includes:

map evaluation (Table 18);

pasting map sheets together;

folding the map;

marking the terrain elements on the map (map marking).
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Map evaluation

Table 18

9

Subjoect of
cevaluat ion

-—

Purpose of cvaluation

Content and methods of
ovaluation

Scale

Contour intor-

val.

Year of survey
and reconnal usance

Numboer and year of
publication (indi-
cated in all casces
when referring to

map) .

livaluate completeiess and preci-
sion of map, obtain initial

data for determining distances
from the map.

To obtain data to determine

absolute altitude of points

and steepnesses of slopes as
well as to evaluate the com-
plel.ecness of representation

of relief,

To determine the degree of con-
temporaneonsness and reliability
of the map.

To assure unity of orientation
and target indication.

1. Determine scale from
legend at bottom of map
she:t,

2, Clarify what 1 cm (1 mm)
on the map corresponds to on
the ground, the dimensions of
the side of the square of

the kilometer grid in centi-
meters and to what it corres-
ponds on the ground (in m,
km).

3. lLvaluate the dimensions of
several basic, most prominent
objects on the map by means of
comparison with which one may be
able to estimate distances
visually in the process of
subsequent work on the map.

1. The contour interval is de-
termined from the legend be-
neath the southern margin (Le-
neath the scale) or from two
altitude readings on one slope
and the number of contour

lines between thoem,

2, To clarify what steepness
of slope corresponds to the
horizontal projection of
contour lines per cm or mm,

1. The year of survey and
reconhninsance is determined
from the legend in the south-
enstern corner of the sheet.

To clarify the correspon-
dence of the map to the
terrain,

4]
—e

1. Number and year of publi-
cation nre established from
legend in northwest corner
of margin or from legend be-
neath the nomenclature of a
given map.

2. To clarify possible
chonges in conventional =igne
and appearance of maps during
the period from moment of
publication of map.
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(Table 18 cont,)

Direction Tc determinc the amouut of The amount and sign of the
correction direction correction for correction .are established
changing from grid azimuths from the diagram or textual
to magnetic azimuths and reference located in the
vice versa. snathwastein corner of the
sheet,

b) Pasting map sheets together

In pasting together a large number of sheets, first a diagram of the

disposition of the sheets is prepared, or thc area covered by the sheets

is outlined on the map index. In accordance with the diagram or the

preliminary distribution, the contiguous sheets are cut along the eastern

and southern margins. The cutting is performed with a sharp knife (cutting

edge of a razor, scissors) exactly along the inner margin of the sheet; it

is better to cut with a knife without using a ruler. To avoid gaps in the

paper, it is recommended that cutting with a knife be done on a smooth

wooden (unpainted) board or on a cardboard backinge The cutting edge of the

knife (razor) should be held at a sharp angle (with the slope in the direction
of the line of cut).

The sheets are pasted together in rows or columns first in the direction
where the pasting is shorter.

When pasting, the cut sheet (row, column) is placed with its reverse
side on the adjacent uncut sheet and, bringing them up to the pasting
line, a thin uniform layer of glue is applied to the pasting strip by
brush (rag, paper). Then the upper sheet is turned over, and the sheet
margins are matched as are the kilometer lines and corresponding contours.
The pasted place is wiped with a dry zag {paper), msking a motion across
the line of pasting in the direction of the cut. Small noncenformances may
be corrected by rubbing in a dircction opposite to the direction of dis-
tortion.

With different deformatiocn of two adjacent sheetz (one longer than
the other along the margin), the shorter shret i{s coated with glue which
permits stretching it somewhat and making it even with the longer sheet.

For the best storage of the maps, as well as for convenience in use,
it is recommended that not more than 9 to 12 sheets te included in one
pasting. For a larger number of sheets, 2 to 3 pastings (or more) are
made which, with the availability of & place and the necessity for their pro~

longed use, are matched temporarily along common margins {turned under
ahead of time).
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¢) Folding the map

Folding the map is done for the purpose of providing convenience in
working with it (particularly under field conditions) and its better
storage.

Most often, the maps are folded with maintenance of orientation with
respect to the directions of the compass. If the area of operations represents
an elongated sirip, then for work under field gonditions it is recommended
that the map be folded along the strip of impending troop operatsons. Un~
needed parts of the map are bent downward in this, and then the map is
folded "like a vellows'" in accordance with the dimensions of the plotting

board or case in which it will be kept (fig. 27).

7|

&

Figure 27. Folding a map.

For orientation and target indication from the kilometer grid of the
folded map, the kilometer grid is marked in two mutually perpendicular
directions on the front (working) side.

d) Highlighting terrain elements on the map (map marking)
Individual elements of the terrain are highlighted (distinguished) on
the map by color tinting, increasing the size of the conventional sign,
or underlining for the purpose of obtaining their best perception and reada-
bility. Those elements of the terrain are highlighted which determine the
structure of the terrain of a given area (commanding heights, main folds
in the rellef, main rivers, etc.) as well as those local objects and relief
forms which, being comparatively small, however, have important significance
for the mission being accomplished. ilighlighted most often are maps of one
color (temporary edition, index map). As a rule, terrain elements which
are represented on multicolored maps with bright colors (water, highways,
forests, etc.) do not need highlighting.

Highlighting is performed in the following colors:

plantings (forests, gardens, continuous brush, etc.} ~ by green shading;

narrow strips of forest, plantings near roads - by drawing a thick
green line along them;

swamps - by secondary hatchures in a horizontal direction in blue;

R
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rivers and streams - by thickening the iines or coloring them bluej
roads -~ by thickening the lines.of coloring them brown; k
populated places - by outlining their outer configuration (sometimes ;

distinguishing the main streets) and crosshatching them in *®-eck; the names
of the populated places are underlined or printed in large:’ types

small local objects (bridges, separate courtyards, e’-~.) and relief
elements (mounds, pits, gullies) by laying out the corres.onding conventional

sign in a larger size with preservation of the color or circling them in

black;
relief - coloring the summits in light brewn, t dckening some contour

Ch s an it Gt

lines, and first of all those which show the basic c.at?ine of the form of
relief (draws, ridges); moreover, thickened contour -ines may be shaded

(off-shaded) in the direction of descent.
}
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Measurements and Consti-uctions on a Topographic Map

'.;' d
, 3
# 1. Measurement (Determination) of Distances on a Map %
é a) Measurement of distances with dividers %
£ ¢
3 In measuring straight lines, the points of the dividers are placed i
‘:% on the end points and then, without changing the spread of the dividers, é
y . the distance is read from a linear or transverse scale (fig. 28). 1In the y
X :
'% case where the span of the dividers exceeds the length of the linear or %
‘?F transverse scale, some vhole number of kilonmeters is determined from the é
,;% scuares of the kilometer grid and the remainder, in the normal manner from g
" § the linear or transverse scale. é
: 3
¥ 2 ;
> j
9 ]
‘? »‘;‘
b %‘
¥ :
p: '
3 > ¢
3 Figure 28. Determining distances from a linear scale using H
- dividers. §
i It is conveniont to measure broken lines by the successive increase f
‘ .,; in the span of tie dividers by straight-line segments as shown in :
' Figure 29, The distance which corresponds to the span of the dividers is
f% determined in the manner presented above.
:

: |
& \Y
. \\\¢ A !
. .‘h}\ ! !
N, T=day
.; .\“‘-JAC
’ *ﬁ@ Figure 29. Measuring distances by the method of increasing

the span of the dividers.

Measurement of distances along a curve is performed by divider in-
crements (fig., 30). The length of the increment of the dividers depends on
the idegree o winding of the line but, as a rule, should not exceed cne

centimeter (for precise mecasurements). To exclude errors as a result of
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A

g‘ the deformation of tho paper (map), the increment of the dividers is checked
S ne
,ZE ahwad of time aleng the line of the kilemeter grid. ?
g 2T : ¢
5, 4"""\‘ N Pl _:"
’ W e
Y5 ) e t -1 L:‘.‘\,
4 v AN &
:‘"{ A \...«/ \'w,.._ ‘\\‘g
E &f§
e 3
g; Figure 30, Msusuring distances by divider increments,
) *
e b) MHeasuring distances with a curvimeter
;f When neasering distancesz on a map with a curvimeter, \)e arrow ! f
. ) 2
= should be placsed et zero {initial) fivision ahead of time (by rotating the g
small wheel) (tig. 3i) and then the small wheel is rolled with uniform 4
- k)
) proessura frem the initial to the final point. In this, attention should f
%, ba paid te sesing that in wmoving the curvimeter, the readings for the Z}
path increase and do not decrmase; if this i3 not the case, the curvimeter g
- £
3 should be turned 18G°. If the scale of the curvimeter is graduated in .
- 5
:' kilemeters, the distance which is obtained is read directly from the scale. :
g If the diviglons of the scale are given in centimeters of the wheel's travel i
on the map, then the numier of divisions which are obtsined should be multi- H
plied by the value of a division, To aveid errors, it is recommended that t
the value of a division be determined by a check measurement along a line 5

oy

of the kilowmeter gride

Figure 2). Curvimeter.
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¢) Augmentation factor for the length of a route measured on a
map

In measuriug the length of a rodte along a road on a map, the
distance which is obtained is somewhat smaller than the actual distarce,
since the outline of winding roads on maps is generalized (straightened out)
and, moreover, a reduction in the length is caused by the relief and by the
fact that the curves on the road are measured along chords. Therefore, it
is necessary to apply a special correction to the results of the measure-
ments (Table 19).

Table 19

Correction for increase in length of route measured from a may

Type of terrain Correction factor with map scale

1:200,000 1:300,000 1:50,000
Mountain {sharply broken) 1,25 1.20 1.15
Hilly {average broken) 1.15 1,10 1.05
Flat (slightly broken) 1,03 1.00 1.00

d) Determining distaences from rectangular coordinates

The distance, D, along a straight line between points with known

rectangular coordinates given in the same system, can be determined most
accurately from the formula

D = (xy— 2 (e =08,
where

Xy ¥y, ere the coordinates of the initial point;

X,s Y. are the coordinates of the final point.
- -

2, Measurement ol Angies on a Map

a) Measuring angles with & protraclor

{Artillery protraccor)

In measuring angles on a map, the center ef the protractor is
matched with the apex of the angle; and the line of the base of the pro-
tractor, with one of the sides of the angle; the reading of the angle {in
degrees) iz read opposite its second side.

The aize of the angle in mils is determined in a similar munner using
the artillery protractor.

b} Measuring angles with a cherd rvule

An arc with a radius equal to the chord of an angle of 1000 mils
is described from the apex of he angle being measured (fig. 32). The

size of the radius ig iaken from a chord rule, ene point of the dividers ls

placed at the initial point of the upper horizontszl 1ine of the chart, and the
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other on a line waich is marked with the number 10 (fig. 33). Then we take
the size of the chord AB of the angle being measured with the dividers,

and we tranafer the dividers to the chord rule in such a way that the point
of the left leg is on the left (initial) vertical line above the chart and
the point of the right leg is on the initial torizontal line. Moving the
dividers in such a position from top to bottom (without moving the point of
the left leg from ‘he initial vertical line), we go to the intersection of
the point of the right leg with one of the sloping vertical lines and take a
reading. The number of hundreds and tens of mils is taken from the upper
row of numbers of the chart and units of mils - from the left row of numbers
at the location of the left leg of the dividers. For example, with a length
of chord equal to segment ab (see fig. 33), the size of the angle equals

753 mils,

AN
?\ —22.
z\ Yk\b \

Figure 32. Measuring an angle with a chord rule.

A

0246812468224683246842468524886246872462824589246810
T

T
2 1 L1 18
4 -t 16
[ 14
8 12
10 10
12 By 8
7] P
16
18 L

EEEBUENE I

308642290642788642270649226004 125060 224R04223854222004221864220

Figure 33. Chord rule.

One of the sides is extended beyond the apex when an obtuse angle is
measured. The acute angle, which is obtained (representing the aupplement
of the obtuse angle up to 3000), is measured by the method described above,
but in this, the reading is taken from the lower and right row of numbers of
the chord rule, which also determines the size of the obtuse angle. In

our example (see fig, 32) the size of the obtuse angle eguals 2267.
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3. Determining the Alticude of a Point and the Direction and
Steepnose of Slope from a Map

a) Determining absolute altitudes and relative altitude differences
of points

The absoiute altitude H of a point on the earth's surface is d.ter-
mined from a ﬁap from contour lines and spot readings. If the point is located
on a contour line, its altitude equals the reading of the contour line (on
fig. 34, HA = 140 meters). If the peint is located between conisur tines,
its altitude equals the reading of the lower contour line plus the altitude
difference of the point above this contour line {determined by interpolation).
In Figure 34, Hy = 110 + 5 = 115 meters.

The relative altitude difference of two points equals the differerce
in the absolute altitudes of these points.

Figure %4, Determining altitudes from a map.

b) Determining the direction of slope
The direction of the drop of slope is determined from the following
signs:
from bodies of water (from rivers, lakes), the drop of the slops is in
the direction of the bedy of water;
from indicators of thie direction of slope, the heichure is directed in
the direction of the drop;
from the position of the number on the conicur line, the mimbers ave
printed primarily in the direction of srop;
from spot readings of points, the drop is in the direction of the
smaller spot reading.
¢} Dotermining steepnoss of siope
Tho basic formula for the deteyminalion of asteepness 51 anlope is:
tan ¢ = kA4,

where

h  is the height of 2lope {the reiative ultitude aifforence betwesn

the upper and jover benda ¢f the siopel;
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d is the horizontal projection of the slope (distance in a plane
between the upper and lower bends of the slope).
The steepness of a slope which does not exceed 20 to 25° may be

determined approximately from the formula

= 60h/ .(‘-

For rapid (visual) determination of steepness, the interval d between the

main contour lines (horizontal,projection) is estimated in millimeters

and from the formula

= 12/d(mm)

the steepness of the slope is calculated in degrees. This method is applicable

only with contour intervals: 1:25,000, five meters; 1:50,000, 10 meters;
1:100,000, 20 meters.

For the determination of the steepness of slope from a scale of hori-
zontal projections (fig. 35), the distance between adjacent primary or
thickened contour lines should be taken with a divider or with the use of
a strip of paper, apply the dividers to the scale without changing its

sp~. «nd read the number of degrees at the base of the scale.

==

=

%\

g- nxovo costns o /
ﬂsn Mm St 254

b

030’ Ol J' &5 gt noi

Figure 35. Determination of the steepness of a slope from the scale
of herizontal projections (example for a map with
a scale of 1:85,000).

u - with a contour interval of 5 meters; b ~ with a con-
tour interval of 25 meters.

The gteepness of slope between adqscent thickened contour lines is

determined from a scale corresponding tr s fivefold contour interval.
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4, Construnting a Profile from a Map

It is most convenient * construct a profile ¢n millimeter paper and,
when at is not available, o.. regular graph paper,

A profile tine is drawn on a map, and then the altitudes of the contour
lines and points of bend ¢f the slopes are established and written down
along the profile line. In this, the markings may be made only at the points
of bend and al some contour lines to facilitate determination of altitudes.
Having determined the altitude differences, the vertical scale of the pro-
file is selected. The vertical scale is usually taken as 10 times greater
than the horizontal scale. A base line is drawn on millimeter paper and,
in accordance with the vertical gcale which has been adopted, a number of
parallel horizontal lines ave drawn above it, which correspond to the alti-
tude of the contour lines (every one, every two). Subsequently, placing
the paper against the jrofilc line AB on the map, as shown in Figure 36,
the initial and final peints as well as all contour lines and points of
bend of slopes are projected (transferred along the perpendiculars) to it
in accordance witl the value »>f their altitudes. The points which have
been obtained are connected by a smooth curve.

For the solution of problems for the determination of visibility, a
sc=called reduced profile is constructed. In this case, only the points of
the bend of slopes are strict)y transferred to the profile. To detevmine

visibility, all local objects are transferred to the profile (with con-

gideration of their altitules), which restrict visibility (forests, buildings,

‘te. ).

Figure 36. Constructing a profile from » map.

5. Determining the R ngular Coordinates of a Point from a Map

a) Determiniag rectangular coordinates using dividers (ruler)

For determining coordinates along the X-axis (abscissa) by means
of dividers or a ruler a segment is measured along the perpendicular from
the given poin: (target, to the kilometer line which lays below. The numbering
of the kilom~tes line is added on the left to the value which has been ob-

tained and expressed in meters.
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2% i? . 4519
16024520
350 414517350
i 520
3 6024
a,é
3 Figure 37. Determining rectangular coordinates from a map.
“ 3
a £ A similar procedure is also uced to determine the coordinates along
2 the Y-axis (ordinate), i.e., a segment is measured along the perpendicular
‘ from the target to the kilometer line, which passes to the left and tae numbe.
K of the given kilometer line is added on the left to the value obtained
% (in meters) (fig. 37).
‘,E§ b) Determining rectangular coordinates using a coordinate square
’k";i The coordinate swuare is applied wo the square in which the target
‘ ;E is located in such a way that one of its scaies coincides with the lower
‘ % h s1de of the square (ilg. jé) and the cocrdmnate squarc is noved along this
: line until the second scale coincides with the target. The reading is taken
.ﬁ‘ with the coordinate square in this positicn. The reading along the vertical
,i scale corresponds: to the segment along the X-axis and the reading along

the horizontal scale to the segment along the Y-axis.

462 6e T
L -

16045400 |

724365380 3
100lE"

1380 |k
i —— -;mvr'ﬁ-fﬁ?{n'" -0

R

Figure 38. Determining rectangular coordinates with the use of
a coordinate square.

6. Plotting a Target on a Map from Rectangular Coordinates

In plotting a target on a map, the square in which the targe' is
located ie first found. Then, from the lover left corner of the square,
using dividors or a (uler, the aegment is laid off at the scale «f the map
which corresponds to the diftferencs in the abscissas of the target and the
lower side of the square. }  =m the point which has been ot.tarwed, from the

petpendirular to th- ryght segment is laid off which corresponds to the

N N e




RA-011-68 105

difference between the ordinates of the target and the left side of the
square. The point which is obtained provides the position of the target
on the map.

Example. Target, x = 5,876, 6000; y = 3, 331, 3000; the target is
located in square 7631, the segment along the X-axis equals 600 meters
(76,600 -76,000 ); the segment along the Y-axis equals 300 meters (31,300~
31,000). The construction of the segments is shown in Figure 39.

A target is plotted on a map with a coordinate square ir the following
manner. The coordinate square is placed on the square in which the target
is located in such a way that one of its scales coincides with the lower
side of the square and the reading along it at the intersection with the
vertical line of the square corresponds to the segment along the Y-axis. Then,
without changing the position of the coordinate square, we find the reading

on the vertical scale which corresponds to the segment aleng the X-axis,

T 19930
53°
00’
1
EL
8
2l 5816

Figure 39. Plotting a1 target on a map using rectangular coordinatcs.

9123456783

Frgure 40, Plotting a target on a map using a coordinate square.

Fxample. Observation poet: xS, 870, 70¢; v - 2, 669, 200. [Ihe
observation post 1s located 1n aquare 7669, the segment along the Y-axis

equals 200 meters and the segment along the X-axis equals 700 meters

tfrg, H0),
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7. Opecrations with Rectangular Coordinates at a Junction nf Zones

The cmergences of the kilometer lines of the coordinate systeﬁ of the
adjacent zone, the so-called supplementary grid, are shown and numbered
(fig. 41) on maps which are disposed within limits of 2° to the east and
west of the boundaries of the meridians of the zone., For calculations and
target indication within a common coordinate system from emergences {auxiliary
readings on the outer margin) an ndditional grid ie constructed. It is
used in the normal manner. The newly constructed grid is an extension of
the Kilemeter grid of the adjacent sheot and should coincide {interface)

with it when being glued together.
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Figure hl1. Supplemer tary grid at the junction of zones.

a = numerical markings of supplementary grid.

8. Determining Geographic Coordinates of Points from a Map .

and Plotting Points in Accordance with Given Coordinates

For the determination of geographic coordinates of points in an arca of
interest on the map, meridians and parallels are drawn. This is done by
coraceling the corresponding minute divisions of the inner margin as shown
in Figure h2. Thoe reading of latitude and longitude is done from the grid from
the corners of the sheet with the addition to them of the minutes and tens
of scconds (minute intervals are divided by points into tens of seconds) and
units of seconds are obtained by interpolation. In our example, the
coardinates of point A equal 54°58136" north laitutde, and 37°31'0" ecast
longitude,

To blot a point on a map from given coordinates, the latitude of the
point is 1aid off on the western and ecastern marging, and the longitude
on the northern and southern marging; the intersection of the straight
lines which connect the apposite (oebtained) points determines the location

of the points desired,
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Figure 42. Determining geographic coordinates from a map.

a - longitude of the western side of the margin 37°30';

b - interior margin; ¢ - latitude ¢f northern side of
margin 55°00'; d - one minute in latitude; ¢ - geographic
coordinates of point A - latitude 54°58'.6; longitude
37°31'.0 (east); f - margin with minutes; g - one minute
in longitude; h - latitude of southern side of margin
54°40'; i - longitude of castern side of mirgin 38°00°,

9. Measuring (Determining) the Grid Azimuths of Lines of Direction

from a Map

a) Measuring the grid azimuth on a map using the protractor

To measure the grid azimuth of a line of direction, the center of
the protractor is matched with the point of intersection of the line (or its
extension) with one of the lines of the coordinate grid. There may be four
positions of the straight edge of the protractor relative to the lines of
direction of the grid in moasurement, in accordance with which the procedure
for reading the angle also changes (fig. 43).

1. The line of direction is approximately within limits of grid
azimuth 30°-150°, the position of the protractor as shown in Figure 43a.
The grid azimuth is read directly from the protractor.

2. The line of direction is within limits of grid avimuth 210°-330°,
position of the protractor as shown in Figure 43b. The grid azimuth cquals
180° plus the reading frem the protractor.

3. The line of direction is north {(u: almost north), the pasition
of the protractor as shown in kigure 43¢, The grid azimuth equals the
reading minus 90° (line of direction to the northeast) of 270° plu« the

reading (line of direction to the northwest).
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&, The line of direction is south (or almost south), the position of
the protractor as shown in Figure 43d. The grid azimuth equals 90° plus

the reading on the protractor.
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Figure 43. Measuring grid azimuths from a map with a protractor.

a, b - by placing the protractor along a vertical line;
¢, d - by placing the protractor along a horizontal line.
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Figure hh, Measuring grid azimuths with an artillery protractor.

b} Measuring qrid aztmuth vith an artillery protractor
A protracior connected to o tiriawngle 1= placed with 1ts center at
the iiatial point of the ine of direction v (ti1g, 4 with the zero division

to the north.  Jte 10-00 - 0-00 diameter 1~ pasitioned using the parallel
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‘jé J lines of the protractor and parallel to the vertical lines of the map's

coordinate grid. Holding the protractor in the established position, the
hypotenuse of the triangle is matched with the terminal point B. Using the
red number markings along the edge )f the protractor which increase in a
clockwise direction, we read the grid angle opposite the edge of the
triangle.

Measurement can also be made without the triangle. In this case, the
grid azimuty is read opposite a line which has been drawn on the map and
which connects the initial and final points,

c) Determining the grid azimuth of a line of direction from the
coordinates of points
The grid azimuth is determined most precisely from rectangular co-

ordinates from the fonmula

SR

tan oy = ¥,y /%Xp7%)

A

where

hid

:T,_

oy is the grid azimuth reduced t» the first quadrant;

3

it eteilae]
it G

7

X;9 ¥, are the coordinates of the initial point;

X5y ¥, are the coordinates of the final point.

i

. The transition from the angle @ which has been calculated in the first
quadrant to the grid azimuty of angle o for the given line of direction is

performed in accordance with formulas which are presented (see Table 52).

10. Changing rrom Grid Azimuths tc Azimuths and Back

The change from grid azimuths to azimuths and back may be performed

by formulas for using a graphic sketch. The conversion formulas

a=A T
m=28-vi

o=A -y
Ay=a-T;
URERA

A=gx vy

A=Ay b

Accepted designations:

a grid azimuth;

A true azimuth;

AM magnetic azimuth;

& declination of the magnetic needle (considered with its sign:
eastern "+", western "-");

v meridian convergence (conside:red with its sign: eastern "+", western
ren),

I correction for direction (considered with its sign).
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Figure 45. Sketch of the interrelationship of grid azimuths and
azimuths.

a - line of direction to object; b - vertical line of
grid; ¢ - true meridian; d - magnetic meridian.

Remarks. In the artillery, it is customary to determine the direction

correction as a value of the difference in the convergence of the meridians
and the declination of the magnetic needle

M=y - 6.
In connection with this, the conversion formulas take the following form:

Ay
o= Ay~ 1.

n

a+ I

From the graphic sketch (fig. 45) the conversion from grid azimuth to

azimuth is accomplished in the following manner, On a diagram w~ show (draw)

the given (obtained) line of direction and, coaforming to the position of
the vertical line of the grid and the line of direction of the magnetic

meridian on the diagram, we determine the true azimuth.

11. Plotting Lines of Direction on a Map from Given Azimuths

and Grid Azimuths

The plotting of lines of direction on a map, as a rule, is performed

using grid azimuths. Therefore, if the line of direction is given in an

azimuth, it is necessary to convert it to a grid azimuth zhead of time by

or. uf the methods recommended in Section 10.
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The plotting of a line of direction on a map from a grid azimuth which
ig determined in degrees of measurement is performed using a protractor. A
line parallel to the vertical lines of the coordinate grid is drawn through
the initial point. The protractor is placed against it by one of the methods
shown in Figure 43a and 43b depending on the size of the grid azimuth. A
mark (pinhole) is made in the map opposite the corresponding division which
is then connected by a straight line to the initial point. This will also
be the given line of direction. The plotting of a line of direction on a
map from a grid azimuth which is given in mils is performed using the
artillery protractor. For thig, the center of the protractor is matched
with the initial point and oriented with iis 0-00 - 30-00 line parallel to
the vertical lines of the coordinate grid with the zero division to the north.
From the scale with the markings increasing in a clockwise direction, we
take the required reading and make a mark on the map through which we also

draw the desired straight line from the initial point.

12, Determining Arcas from a Map

a) From the squares of the kilometer grid of a map

The area of a sector is determined by calculating whole squares
and their fractions, usually estimated by eye. Each square of the kilometer
grid on the ground corresponds to: on maps of a scale of 1:25,000 and
1:50,000, one square kilometer, on 1:100,000 maps, four square kilometers,
and on 1:200,000 maps, 16 square kilometers.

b) By the geometric method

By means of straight lines, a sector is divided into a system of
rectangles, triangles, and trapezoids. Having measured tlhe required values
on a map, the area of these figures is determined from the following for-
mulas:

the area of a rectangle P with sides a and b
P = ab;

the areca of a right triangle P with lebs be

the area of a triangle P with side b and altitude h
P = bh/2;
the area of a trapezoid with parallel sides a and b, and altitude h

P-a+l,2«h,
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Chapter 1V

Work with Aerial Photos

. 1. Calculation of the Number of Aerial Photos and the Preparation
’ of a Request for Aerial Phoiography

a) Calculating the number of aerial photos on a route

Table 29_

Number of aerial photos on a route 100 km long

Pasuep aspocunnkos, cn 5
Macwral (uncro
uerpos » 1 cm) 18X18 30%30 £0X50
k:
30 230 140 85,
40 175 105 05
50 140 85 50 -
60 115 70 42
70 100 60 36
8n 90 53 2
90 &0 47 28
100 70 42 25
120 60 35 21
140 50 30 18
160 45 26 16
180 40 23 14
200 35 2! 13
250 28 17 10
300 23 14 9
400 18 ] 7
500 . 14 9 5

Key: a - scale (number of meters in 1 cm); b ~ size of

aerial pho*os, cm.

Remarks: 1. In calculatinq the number of aerial photos on a route
longer or shorter than 100 km, the number of aerial photos determined from
the table is changed proportionally to the length of the routaz.

2. In aerial photography with a longitudinal overlap of 60% (used in
stereoscopic interpretation) the number of aerial photographs is doubled.

b) Calculation of the number of serial photos for a region (area)

Table 21
Number of aerial photos for a region with an area of 1,000 square

kilometers (longitudinal overlap 20%, transverse overlap 35%;

Pasuep sapocuunxos, x|y
Macwrad (sucao
serpos 1 cx) 1818 I 0% 50X30
]
30 9100 2400 860
10 5100 1350 480
50 3300 450 310
60 2300 5% 215
70 1650 440 160
80 1300 330 120
90 1000 260 95

Key: a - scale {number of meters in 1 cm); b - size of
aeriail photos, cm.
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a -~ scale (number of meters in ) cm); b - size of aerial
ghotos, cm.

In caleulating the nmuwmber of aeriat photos for a region
with a Jdifferent area, the number of acrial photos indicated in the table is
changed preportionally to the size of the area.

With aerdial photography with o longitudinal overlap of 60% and a

side overiap of 35%, ihe number of aerinl ghotos is doubled.

The area of a region is 3,000 tan, the scale of photography

is 1:20,000, the gize of the acrizl photos i 3O x 30 cm, lonrgitudinal overlap
is GO%, side vverlap is 35%.

The number af aerini photos equals 55 ¢ 2000/1000

Renquest for pzrial pholoegraphy

purpase of vphotography;

area of pholography;

indicated along the main horizontal);

special requiremerts (cverlam,

The request for azricl photegraphy is made on the basis of the
miazions, the zccomplishment of which it should support,

in the request, the following are indicoted:

required scaie of vhotography (with oblique photography, the scale is

types and purvcer of photo documents required;

sequente and times for preparingy the documents;

ORI gV S

rerspeciive,

time, methods, and place for deliverv of photo documents;

times for repeated photography {where necessary).

and others);
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d) Typical scales for aerial photography

Table 22

'ij Objects and missions of aerial photography Scale

Terrain

Detailed study of terrain (routes, water

lines, etc.) 1: 8,000 - 1:10,000

Familiarity with general narure of terrain 1:10,000 - 1:40,000

OV

Defense

o S

Familiarity with general natuve of defense 1:12,000

1:15,000

-y
o

B Disciosure of type of defenszive structures

: and materiel 1: 4,000

1:10,000

k. 2. Preparation of fierial Photographs for Work

The preparation of aerial photos (mosaics) for work includes familiarity
s . with the aerial photos and tying them to a map; under necessary conditions,
the orientation of the aerial photo and the plotting of u coordinate grid

on the aerial photo are parformed.

L In becoming acquainted with an aerial photo, the scale, type, area,

f& and time of aeri;1 photography are clarified. This information is usually

found on the moscaic or is reported additionally when sending out the

pu e ey

aerial photos. On individual aerial photos, at the moment of photography

the following are recorded: number of aerial photo, the size of focal

IR

L S

length of the aerial cameva in millimeters, the reading of the round level,

a3

and time (hours and minutes).

4 3. Determining the Scale of a Vertical Aerial Phgiz

T a) Determining the scale of an aerial photeo from the focal
; length of the AFA (aerial camera) and the altitude of
photography

The s=cale of an aerial photograrh, m is determined from the focal

length £ and the altitude of photography, H, according to the formula

l/ms = f/H.

Example. The focal length is 200 mm, the altitude of photography is
hO00 metors:

l/mﬂ = 0,2/4000 = 1/20,000.

o

2 e s, S S
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b) Determination of the scale of an aecvial phote from a map

The scale m of an zerial phato iz determined frem a map from

the formula

l/ms * ts/;kyk *

vhere ?

. 's is the length of a line on tho photo; ‘é
b is the length of the line ¢n the mapi 3

L% is the denominator of the pumerical ccals of the map. i

Whers possible, the iine from svhich the scale is determined should lay 3

in the middle portion of the photo and be as long as pwssible; the terminal
points of the line should be sharply expressed on the photo, be shown pre-
cisely on the map, and be located at the average altitudes of the given terrain.
For increased +c:uracy and check, the scale of the photo should be
determined at least twice in various lines of direction and the average
should be taken as the final resuit.
Example. The scale of the map is 1:50,000, the length of the first line

on the aerial photo is 8.5 cm, on thc map 5.2 om; the length of the second

- line on the photo is 5.9 cm, on the mup 3.6 cm:
l/ms = 8.5/5.2 * 50,000 = 1/30,588; (1)
l/ms = 5.9/3.6 + 50,000 = 1/70,507, (2)

The average scale l/ms equals 1/32,548,

¢) Determining the scale of an aeriai photo on tha ground
The scale of an aerial photo is determ.ned from messuraments on

the ground or from known dimensions of some obj: .t accerding to the formula

m = L
Ve 15/.
where
L. is the length of a line which is measura! on the ground or the actual
gize of a known object represented on the rhotoj

by is the length of the line {object} cn the .hato.

4, Orienting the Aerial Photo

a) Dete.mining the direction of the meridia. on an aerial photo
using a compass on the ground

The aerial photo is criented along a line ¢a the ground by pro-
cedures which are similar to the orientation of & n1), ..ad then a cumpasa
is placed on the aerial photograph and the nerth-sotih . of direction

(magnetic mevidian) is drawn along the magnetic needle.
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%) Determining the line of direction of the meridian on the aerial
photo from a map

Two common points (No. 1 and No. 2, fig. 46) are identified on the
aeria. photo snd on the map and straight lines are drawn through thenm.
The aerial photo is placed on the map in such z way that line of direction
Noe« 1 ~ No. 2 of the aerial photo coincides with line of direction No. 1 -
No. 2 on the map. Then, a line is drawn on the aerial photo which is parallel
to one of the side margins of the map. Thies line will be the direction of

the true (geographic) meridian.

& (Hapma u/.\

Figure 46. Determining the direction of the meridian on an
aerial photo from a mape.

& ~ map; b -photo; ¢ - north; d - south.

c) Determining the direction of the meridian on an aerial photograph
from the shadow and time of photography

On an aerial photo, the shadow of some object is identified (tree,
tower) and, along the direction of the shadow a line is drawn from which
we use a protractor to lay off to the right, if the photo was taken before
noon (or to the left if the photo was taken after noon) the : 'gle t which
equals a product of 15° (average angle of rotation of the earth around its axis
in one hour) times the difference between the statute time of noon (13 hours)
and the time of photography. The line of direction which is laid off re-

presents the true meridian. N

Figure 47. Detemmining the
direction of a meridian from
the shadow and time of
photography.

“3
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Example. Time of photeg-aphy is 1000 hours.

t = 15° « (13 ~ 10) = 45°,

The calculated angle is laid off to the right of the line of direction
of the shadow and the direction to north is obtained (fig. 47).
d) Tying an aerial photo to a map
Tying aerial photos to a map means finding on the map thc limits
of the sector represented on the aerial photc. For this, one or several
of the most prominent terrain objects are identified on the aerial photc
(river, lake, railroad, or highway) and they are sought on the map; taen,
all common terrain features of the aerial photo and the map are idegtified
and from them, the sector represented on the photo is outlined .+ the map.
To facilitate the tie-in, it is recommended that the scs e of the aerial
photo be deterumined shead of time and that the aerial photo ve oriented

relative to the directions of the compass. This will perwit using procedures

o4 recommended for the transfer of an object from an aerial photo to a map

for determining the boundaries of the photo on the may {see Section 5,

4 this chapter).
vE 5. The Transfer of Objects from an Aerial Photo to a Map
B a) The transfer of objects from a vertical aerial photo to a
i map from terrain points

Common terrain points are identi/ied on the aerial photo and the

map and the required objects are transfcrred by eye by distances measured

from the nearest terrain points. 1%« method is used whep great accuracy is

\i,< not required and the map and the arrial photo ha.e many common terrain
- points,

A o b) Transfer of objec?: from a vertical aerial photo to a map by
A intersection

Two common points sv» s2icc..d on the map and pﬁoto. These points
should be selected in sucr o w»ay thet the angle between the lines of direction
to the object being tiearicvrrer ys within limits of 30 to 150° and the distances
are as short as possi'.lu.  Seoment  AC and BC (fig. 48) are measured on
the photo and, on the m y», a2z ure drawn from the corresponding points with
rad:i which equal thove repments at map scale; the point ¢f intersection of
the arcs will p:svaide the position of the object on the map. To check the
intersection, it is per oued from a thiid point.

The conversion of distances of the photo to distances of the map is
performed as 1 rule with the use of a proportional scale which is constructed
espocially for aqiven aerial photos and maps or with the use of proportional

dividers (see Chapter 11V,
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Figure 48. Transfer of objects from an aecrial phkovo e a mup by
intersection.

a -~ aerial photo; b - map.

The intersection method is used when the object (ta:«qs =, wmost oe

%Z shown on the map as precisely as possible and there are few vomaon terrain
ie points on the aerial photo and the map.

52 c) Transfer of objects from a vertical aerial photo to « map frem
3 the grid

)g Three or four common points are selected both on tihe map and o=

,%i the photo and they are connected with straight lines. Each side of the

similar figure which is obtained is divided into an equal number of parts
. and the corresponding points are connected by lines. Thus, a grid of desired

der sity will be constructzd on the aerial photo and the map from the cells

b of which the oojects are transferred.

This method is u:red when it is required to transfer many objects and

N the aerial photo and map have few common terrain points.

d) Construction of a proportional scale

A proportional scale is used to transfer at map scal segments
which are measured on an aerial photo or vice versa., To construct o
proportional scale, two common points are selected on hoth ithe aerial photo
and the map. The selected segment AD is measurerd on the aerial photo and
laid off on a piece of paper (fig. 49), This same segment is mea-ured on
the map and laid ofs from point B in a direction perpendicular to lince ABj;

points A and b are connected tv a straight line and lines are drawn parallel

to Bb.
H
Q
F 313
Lt
[] €3
il
a X
A= ! I 1)
Lo g ).
An o e g ey T
tqure h9,  Proportional «cale,
v = distance on the photograph; b - dist mce

on the map,
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The transfer from the dimensions of the aerial photo to the dimensions
on the map is performed in the following manner. The required segment AC
is measured on the aerial photograph and is laid off from point A along
the line AB. At the point C which is obtained, the measurer is turned
parallel to Bb and the span of the divider is reduced until it is tangent to
line Ab; segment Cc will correspond to the distance on the map.

e} The transfer of objects from an oblique aerial photo to a map
(anharmonir method)

On both the map and the aerial photo, four points are selected which
do not lay along the same straight line (fig. 50). On the aerial photo,
from one point a, lines of direction are drawn to the three other points
b, ¢, and d, and the object m which is *o be transferred to the map; on the
map, similar lines of Direction AB, AC, AD are drawn. A strip of paper is
placed on the aerial photo in such a way; that it intersects all the lines of
direction which have veen drawn, and the intersection of lines of direction
ab, ac, am, and ad with the edge of the paper is marked on it, The strip
of puper is placed on the map in such a way that the lines which are drawn
on the map from A coincide with the corresponding marks on the strip of
paper; after this, the mark of the line of direction to point M is trans-
ferred from the paper to the map and line AM is drawn from point A,

The described actions are repeated in order to obtain a second liue of
direction to point M on the map, but point b is taken as the center of the
cluster of rays., The intersection of the two lines of direction at point M

will provide the position of the object on a map.

photofr .- Fopma D

' 0
¢
- /,

Figure w0, dransfer of 4 point from the aerial photograph to
« map by the anharmonic method.

For a cheek, all actions are tepeated once ogaln, but peint ¢ or

d 1s taken as the center of the cluster ot ravs.




RA-011-68 120

photo

Cwuyon

L.

Figure 51. Constructing an oblique grid on an oblique aerial
photograph,

t) Constructing a projective grid on an oblique aerial photo
for the transfer of objects to a map

Four corresponding points (1, 2, 3, 4) are found oa the aerial
photo and the map and are connected by straight lines (fig. 51). Diagonals
are drawn in the quadrangles which are obtained, and the points of their
it tersection (5) are found. Straight line ab is drawn at a distance of
2-3 c¢m to the right of the point (%) parallel to side (1, 3) until its
intersedtion with the sides of the quadrangle. (Similar actions are accomplished
on the photo and on the map.) A straight line, ac, is drawn from point a
parallel to the diagonal (1, 4), and, from point b, a straight line
parallel to diagonals (2, J). A straight line is drawn through the point
of intersection of lines ac and be and point (5). This line divides the
initial quadrangle 1nto two projective figures,

The position of lines (8, 9) 13 found in the same manner (n.: fig. -1,
the construction is given by a fine dotted linel), A« a result of the con-

struction of line (8, 9), four projective figures are formed.
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Next, the division of the obtained figures into smaller figures is
performed in the following manner: diagonals are drawn in the quadrangles
which have been obtained and tt = voints of their intersection are connected
by straight lines which are extended in both directions.

The projective grids are used when it is necessary to transfer a large
numbe: of objects from an oblique aerial photo to a map, The precision of
the visual transfer of objects with a size of projective squares of

2 x 2 cm is on the order of t 2 mm.

6. Plotting a Kilometer Grid on an Aerial Photo and Determining the

Coordinates of Points

a) Plotting a kilometer grid on a vertical aerial photo (the
quadrangle method)

Four corresponding points are selected both on thc aerial photo and
on the map. The points should be clearly expressed on the aerial photo,
shown precisely on the map, should be disposed at the average altitude of
the given terrain, and should form a quadrangle. The selected points are
connected by lines and the points of intersection of the sides of the
quadrangle are transferred with kilometer lines from the map to the aerial
photo. To transfer the points of intersection of the lines (fig. 52), we
successively neasure on the map segments A-1, A-8, B-2, B-3, C-4, C-5,

D/6, and D-7, we transfer them at the scale of the aerial photo, and we

lay them off on the aerial photo from the corresponding points in the same
direction as on the map. For example, segment A-8, after conversion to the
photo scale, is laid off from point a in the direction of 4, etc. The trans-
ferred points are connected in accordance with the map by pairs: 1-6, 2-5, 3-8,
h-7; these will also be the kilometer lines., They are numbered as is

customarily done on maps.

Cwuaton

phot

Figure 52, Plotting a kilometer grid on an aerial
photo,

b))  Determining cootdinates of a point from a gridded aerial
photo (with a ruler with contimeter divisions)

Jo determitie coordinates of a polut, o tuler s placed on an
acr 1l photograph 1n cuch 4 way that 1t~ Zaro line touchew the horirzontal

Line ol the gqrid which e~ below the point whowe soordinates are teing
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determined and the line which signifies 10 cm touches the adjacent upper
line; at the same time, the edge of the ruler should pass through the given
point (fig. 53). The reading on the ruler opposite the point, multiplied
by ten, will given the size of the segment atong tite X-axis in meters

(fig. 53a).

The segment along the X-axis is determined in a similar manner but the
ruler is placed between the vertical lines in such a way that the zero mark
is on a vertical line disposed to the left of the point and the line which
corresponds to 10 cm touches the vertical line which lays to the right and
the edge of the ruler passes through the point the coordinates of which are
being read. Fiqure 53b shows the position of the ruler in reading the y
value, Coordinates of point a: x = 18370, y = 04300.

With distances between coordinate lines greater than 10 cm (the scale
of the photo is greater than 1:10,000) the coordinates are read with a
20-centimeter ruler as described above; however, the reading which is ob-

tained along the rulnr is divided in half in this.

Figure 53. Determining coordinates of a point using a ruler.

c) Determining the coordinates of objects firom aerial photos
The coordinates of objects which have been discovered from acerial
photos are determined primarily with the use nf topographic maps. For this,
the objects are transferred from the aerial photo to the map by the methods
indicated in Section 5 of this chapter.
With a largé number of objects which have bLieen discovercd, a kilometer
grid is cons .ucted on the aerial photo (sece point a of this paragraph)
and then the coordinates »f the objects are read directly from the aerial
photo.
Errors in determining coordinates of obijects from aerial photos with
the use of a map depend on the nature of the terrain relief, the amount
of adeviation of the optical axis of the aerial camera from the verticol,
the scale of the map, the ervor in transferring the object to ‘e map, and
the error 1in reading the coordinates, Tfhe total mean error in the detemmina-
tion of rectangular coordinates from vertical aerial photos of flat terrain
with the use of <imple graphic methods for transterring the posivion of the
objects from the erial photo to the map i< on the order of 2 am at the «cale

of the map,
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'.;; 7. Determining the Displacement of Points on an Aerial Photo Due to K

Terrain Relief

In measurements on aerial photos of mountain terrain, consideration

aximaihs

24

should be given to the displacement of points due to terrain relief. The ;

. : ; . i
Es) amount of displacement of points on the aerial photo relative to their true ‘

- ¥ K

%f (plane) position as a result of the effect of terrain relief (relief errors) N

j; is determined from the formula ;

g ;

i ‘ ’

Ar = hr/H

wherza

Ar is the amount of displacement of the point due to relief;

h is the amount that a given point is above the mean altitude of the

given terrain;

e r is the distance from the principal point to the point whose displace-
ment is being determined;

g H is the altitude for photography.

E The size of the error Ar for some terrain conditions and given altitudes

of photography is given in Table 23.

Table 23

X Typical amounts of displacement of points due to relief on a
‘ ;Q vertical acrial photo

: » Beauunni Cuemenns Tovex Ar, W By

2 PASHRHHIR XOAUHCTAN eroe:;a:h “(:)';:'r:’ac:.
- || RTRY gl TR e | WUWY £
2 3 2 %

ST P I B O I I
3 3 [ 1 ! ' t 1’ ' [

. B a o ~ ~ ~ -~ - ~ - ~
:

i 2000] 0,5 | 1.0 | 2.5 | 50 | 6.2 |12.0 | 125 25.0
E 000] 03 {05 | 1.2 | 24 | 3.0 [ 62| 62125
% 6000 { 0,2 0,3 0.8 1.6 2.1 4.2 4.2 3.3
s 600! 0,1 | 0.2 | 0.6 | 1.2 ] 1.6 | 3.2 | 82| 63

Key: a - altitude of photography, H, meters; b - amount of displacement
T of points pgr, mm; ¢ - flat terrain, I = 20 meters; d - hilly
terrain, B = 100 meters; e - mountain terrain, H = 250 meters;
f - mountain terrain, H = 500 meters.

€, Interpretation of Aerial Photos

a) General procedure for interpretation

The interpretation of aerial photos is preceded b their preparation
for work, i.e., clarification (and where necessary - determination) of the
scale, type, time, and area of plhotography, as well as the tying of the

aerial photo to a map.
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Interpretation is accomplished_in o certain sequence. TFirst, the aerial
photo is examined without any instruments or with the usc of a large
magnifying glass with a small magnification (usually 1.5° to 2x); in this,
the main objects of the terrain (populated places, roads, rivers, etc.)
and the most noticeable military objects (firing trenches and communication
trenches, artillery firing positions, and so forth) are disclosed. The
detailed interpretation is corducted by sections (lines or directions),
considering the objects which have been disclosed earlier and their inter-
connection and with the use of a large-magnification magnifying glass and
stereoscope.

The results of the interpretation are recorded with the corresponding
conventional symbols directly on the aerial photo (in this, the symbol is
placed alongside the photo image of the object) or the objects which have
been detected are transferred to a map.

For a more complete and correct disclosure of topvgraphic and tactical
objects, it is recommended that the irterpretation of cven a few separate
aerial photos be conducted on the terrain. Aerial photos which have been
interpreted in this mannei subsequently serve as a key (standard) for the
interpretation of other aerial photos of the given area.

b) The most important recognition factors which are used in
interpretation

The detection and identification of objects on aerial photos is
achieved first of all on the basis of a number of common recognition factors
(interpretation factors). The most important of them are: the form of the
object's image, the size of the object's image, the tone of the object's
image, the shadow from the object, the mutual disposition of objects, traces
(signs) of the activity of the object.

Form of the object's image, a direct and permanent recognition factor.
1t depends on the angle of incline of the optical axis of the aerial camera.
In a plane aerial photo, the shape of the objecc's image is similar to the
plane outline of the object on a map, i.e., it corresponds to a view from
above.

Size of the object's image, a direct and permanent recognition factor.

It depends on the scale of the aerial photo. Actual dimensions of the ob-

ject are determined from its image on the aerial photo by one of the formulas:

L= tmorlL = th/ll.
vhere
m is the denominator of the numerical scale of tbL aerial photo;
. is the actual dimensions (length and width) of the object;
1 is the size of the object's image on the acvrias photo;

Ll and 'l are the actual dimensions of a known object and the dimensions

of its image.
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The tone of the object's image, the degree of darkening of the
emul sion on the aerial photo. The difference in the tone of the object's
image and the surrounding background is a necessary condition for the dis-
closure of an object. The tone of the object's image depends on:

the general and spectral reflective capability of the object and the
conditions of its illumination;

the nature of the object's surface {smooth surfaces turn out lighter
than rough surfaces, other things being equal);

the condition of the object's surface (wet surfaces come out
darker then dry surfaces);

the conditions for the aerial photography, and the quality of the
photographic materials and their processing.

The shadow from the object, -the outline and size of the shadow depends
on the altitude of the sun (there is no shadow on cloudy days), the relief
of the terrain (on which the shadow falls), and the direction of illumination,
The shadow supplements the representation of the object's form and permits
defining in detail the actuval purpose of the object and determining its
height. 7The height of an object can be determined from the length of the

shadow by one of the formulas

H, = bm tang or H, = ht"l/hl
where
“ob is the actual height of the object;
ht is the length of the object's shadow on the aerial photo;

L is the denominator of the numerical scale of the aerial photography;

¢ 1is the angle ofincline of the sun's rays;

"1 and h1 are the actual height of a known object and the length of its

shadow on the aerial photo.

The mutual position of the objects, an indirect recognition factor of
objects which have a certain connection with each other and with the sur-
rounding atmosphere.

Traces (signs) of the object's activity, an indirect recognition factor.
Traces of activity of troops and equipment frequently are identified easily
on an aerial photo (a network of trails, well-trodden approach routes,
traces of tracks, muzzle blast areas at guns which are firing, etc.) and
permit establishing the presence and nature of troops and equipment.

Objects are discovered on aerial photos, as a rule, from the aggregate

of recognition factors since ther are mutually connected and cause each

other,
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c) Primary recognition factors of terrain objects (fig. 54)
Populated places arce casily identified from the charucteristic
structure of the image (they rocall the image of a populated place on a
topographic map); in rural populated places, the personal plots are easily
visible.

Railroads are easily identified from their straight lines and large
radius curves; intersections with vehicular and horse-drawn transport roads
are most often at right angles; the tone of the image of railroads is
primarily grey (darker than that of highways).

Highways are easily noticeable from the clear outline of the roadbed
(in the form of a thin strip of uniform width, primarily of light tone)
with straight-line sectors and geometrically correct curves (turns); branches
and intersections (at any angle) with other vehicle and horse-drawn transport
roads are typical.

Dirt roads are identified from their winding outline of their well-
trodden track in the form of lines or narrow strips of non=uniform thickness,
primarily of a light grey tone, and with numerous branches and intersections.

Rivers (streams) are identified from the characteristic shape in the
form of winding strips of extremely varied width of homogeneous, primarily
dark grey tone; bodies of water with dirty, turbid water appear liéhtef than
bodies of water with clean water. [Fords are identified from roads which
approach the river and shallows which are depicted in a lighter tone than ‘

deep sections of the river.

Figure 5h. Picturc of some terrain elements in a vertical aerial
photograph:

1 - city=type populated place; 2 - rural-type populated
placey 3 = railroad; 4 - highway; 5 - improved dirt road;

G = dirt roadsy 7 = metal and forroconcrote bridgesy

8 - stonc bridges; 9 - bridges for overpass over roads;

10 - coniferous forcstsj 11 - decidious forests; 12 =« brushj
13 - sparse woods; 14 - pasture; 15 = quarries; 16 -~ swamps}
17 - lakes; 18 - gullies; 19 - peat works.
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forests and brugh are obtained in the aerial pholo in the ferm of dark
grey sectors with a more or less clearly expressed grainy image.

Relief. Easily noticeable from the configuration of the shadows of
gullies, washouts,precipices, and other deep folds of the relief, The form
of the relief with gentle slopes on an aerial photo may as a rule be recog-
nized only with the use of a stereoscope.

Soils may be recognized from the tone of the image, but only
partially and with a low degree of reliability. Sands are pictured with light,
even tone. Rocky soil also provides a light image, #ith an uneven tone.
Clayey, loamy, and sandy loam soils are represented by various tones from
grey to dark,

Plowed fields are recognized comparatively easily from the rectilinearity
of the outlines of the sectors, and furrows are often visible in the direction
in which the soil is worked, the tone of the image of the plowed fields is
primarily light. Natural grassy cover (meadow) is represented by an even
grey tone.

Swamps are recognized first of all from the tone. The tone of the
image of swamps is dark grey, often with fine-grained spots (brush), some-
times with a fibrious structure; a darker tone usugally corresponds to the
wetter places.

d) Primary recognition factors of some military objects (fig. 55)

Rocket shells have comparatively small dimensions, are easily camou-
flaged, and thercfore their dependable recognition is difficult. Most
often, rocket shells are disclosed from indirect factors. The basic ones
are: preparation of launch areas and:approach routes, the presence of
numerous special and transport equipment, elements of positions for all-round
ground and air defense, the disposition relative to the front line, and
others.

Artillery firing positions are recognized from the images of gun
pits (they are disposed approximately in a line), cover for the personnel
and transport equipment; approach routes also give away artillery firing
positious.

Firing positions for antiaircraft artiliery (antiaircraft rockets)
are recognized from the presence of pits (in the form of round or rectangular
pits) which are disposed in the form of a polygon (m:ire rarcly in a line);
in the center of the position is the control post, and close to the position
arc numerous covers for special and transport means.

Mortar firing positions arc recognized primarily from the characteristic
form of the pits and location. Mortar pits are obtained on aerial photos in

the form of a dark small spot with branches to the sides.
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Firing trenches and communication trenches are easily identified from
the winding zigzag-like or broken cutline characteristic of them. The
image of the firing trench is composed of the image of a ditch {dark narrow
strip), parapet (light strip along the trench), and rifle pits. Communica~-
tion trenches are distinguished from firing trenches by the rarity of firing

pits or by their absence.

e e e m———— e a y -
'

Figure 55. Picture of some tacticul objects on an aerial photo:

1 - firing trenches; 2 - communication trenches;

3 - tank pits; 4 - positions for an artillery battery;

5 - positions for an antiaircraft battery; 6 - positions
for a mortar battery; 7 - antitenk ditches; 8 - cover
for wheeled vehicles; 9 - gun pits.

Tanks are identified from the shape of the image (rectangles with a
relation of the sides of 2:1) from the uneven tone (the tank turret is of a
lighter tone); the trails from the tracks (when moving off roads) are some-
times reflected on the acrial photo in the form of two clear paraliel
lines.

Vehicles are recognized from their characteristic shape and from shadows.
Light vehicles show up in the aerial photo in the form of clongated light
spots and the shadow, with illumination fror the side, is wedge-like. Open
cargo vehicles are pictured on an aerial photo in the form of a rectangle
which is darker along the edges; the leading part of the rectangle is narrower
(engine part); the shadow from a vehicle is stepped, Covered cargo vehicles

are pictured in the form of light rectangles with 1 darker narrowed front

portion,
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e} Suwrusscopic interpretation

Sterenssupic interpretation i; interpretation with the use of a
stereoscope {see Chavver I). Tt permits discovering three-dimensional relief
forms in grester deta)l than with regular interpretation,as well as a number
of tactical objects, such a5 observation posts, radio-technical means, etc.

Stereosropic interprelas.ion is possible only with the availability of
stereopairs, i.e., of two phutegraphs of the same plece of terrain which are
obtained from two points of photography. ‘The longifudinal overlap of the
aerial photos of 60% provides for stereoscopic examination of any object
within cthe limits of the route wnich has been photographed.

Setting up a stereoscope of the LZ type (see fij. 17) for the examina-
tion of stereopairs is performed in the following manner: the two photos of
the stereopair are placed onc on top of the other with the overlapping portions,
thus matching corresponding objects. The stereopair is then placed beneath
the stereoscope and, maintaining the mutial orientation of the photos, they
are shifted to the right and to the ieft by the distance of the corresponding
points, on the order of 12 cm. We look in the stercoscope with both eyes
simultaneously. First, as a rule, the elements of the right and left photos
will be seen separately. As the photos are moved, the corresponding objects
will converge and, finally, will merge, thereby transforming from plane to
three-dimensional. stereoscopic objects. Precise adjustment is usually
performed by insignificant movements of only one aerial photo.

A correctly placed stereopair which has been fastened by smasl
weights or tacks permits examining various parts of it later, woving the
stercoscope over it (in this, the orientation of the stereoscope relative to
the position of the stereopairs should be preserved, otherwise the stereo-

scopic effect will disappear).
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Chapter V
Pubcthaldubolaii

Study of the Terrain in Combined Arms Combat

The study of the terrain consists of clarifying the nature and special
features of the relief, protective and camouflage properties of the terrain,
road net, natural obstacles, water supply, and other properties of the terrain
vhich affect the operations of trocps. Conclusions necessary for the adoption
of a decision are drawn on the basis of the terrain study.

Terrain is studied from topographic maps, from military-geographic
(*opographic) descriptions, by means of reconnaissance, from data from all
types of reconnaissance, from aerial photography materials, by interrogating
the local population, and from other sources. In studying the terrain,
consideration is given to its possible changes in the course of combat
operations, as well as the time of year and weather conditions.

Maps of various scales are used to study the terrain. The selection
of a map depends on the natura of the mission to be accomplished and the
terrain. In studying mountain-forest and forest-swamp terrain, preference
should be given to a map with a scale of 1:50,000; in studying average
broken terrain, it is expedient to use a map with a scale of 1:100,000;
desert and steppe slightly broken terrain can be studied with sufficient
thoroughness on a 1:200,000 map. In selecting maps, consideration should be
given to their timeliness (reliability); a recent map of a smaller scale
which corresponds to the terrain exactly may turn out to be more valuable

than a larger scale map which is old.

1. Study of the General Nature of the Terrain

A study of the general nature of the terrain in the area of combat
operations is performed by examining a wmap. In this, the type of relief,
basic trafficability conditions, observation conditions, conditions for
camouflage, and the protective properties of the terrain are clarified.

The type of relier (flat, hilly, mountain) and its basic properties
are established from absolute altitudes, relative altiiude differences,
and the prevailing steepness of slopes. For this, the location of the main
skeletal lines of relief are revealed (rivers, watersheds). The greatest
and least altitude readings are placed on the map with notations, and the

prevailing stoeepness of slopes is estimated visually (Table 24).
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Table 24
Basic characteristics and tactical properties of
relief-
Type of Basic ralief characteristics Basic tactical characteristics
relief
Abgsolute Relative Slope
neight altitude steep~
above diffcrence, =ass,
sea level, meters degrees
meters
Flat up to 300 up to 25 up to 1 Easily negotiable in any direction;

hinders camouflage and protection
against weapons of mass destruction.

Hilly up to 500 25-200 2-3 Negotiabloexcept for individual
oclementsy promotes camouflage
somewhat and defense against
woapons of mass destruction

to some i
Low 500~1000 200~500 5-10 Hindors mas.sed cmployment of
mountains heavy combat oquipment, promotes

camoufinge and protection against
weapons of mass destruction

Average 1000-2000  500-1000 10-25 Employment of heoavy combat equip-

height ment possible only on individual

mountains directions; relief favors
camouflage.

High above above steeper than Employment of heavy combat equip-

mountains 2000 1000 25 ment almost impossible; relief

favors camouflage; landslides
are possible with the employment
of weapons of mass destruction,

The trafficability of an area (strip, direction) apart frow relief and
soil, is judged by the degree to which the terrain is broken by various
obstacles and the degiee of development of the road net.

The degree to whicn the terrain is broken is estimated approximately
from the areas occupied by rivers, streams, swamps, ditches, gulleys, steep

slopes, forests, and other obstacles which hinder troop operations (Table 25).

Table 25
et

Basic indicators of terrain t-ratficability

Variety of Relief Area under Basic tactical properties
terrain obstacles

Lightly broken flat, up to 104 Massed employment of heavy combat
(ecasily nego- hilly is possible in any direction

tiable)

oy

s g
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(Table 25 cont.)

Varie?y of Relief Area under Basic tactical properties
terrain obstacles

Average broken hilly, About 20% Massed employment of heavy com-
(negotiable) flat bat equipment possible every-

where, hindered somewhat in
individual directions

Heavily broken mountain, About 30% Employment of heavy combat
(difficult to hilly, equipment possible only in
negotiate) flat individual directions

Conditions for camouflage and observation are judged from the nature and
volume of individual masks which cover against observation using optical
and radio-technical means, and from the relief., The main natural masks are
forests, gardens, brush, populated places, various structures, and folds in

the relief: gullies, gorgen, canyons, etc.

Table 26

Basic characteristics of condiiions for camouflage and

observation
Variety of Relief Area under Basic tactical properties
terrain natural masks
Open Flat up to 10% Camouflage not provided by natural

masks; up to 75% of area observed
from commanding heights

Semiclosed Hilly, about 20% Camouflage during disposition at
flat, fow the halt provided complotely by
mountains natural masks; about 50% observed

from commanding heights

Closed Mountain, about 30% or Camouflage completely provided by
hilly, flat more natural masks; lesa than 25% of

areca observed from commanding heights

T

In studying the general nature of the terrain, the protective propertiecs
of the terrain are clarified primarily from the nature of the dissection of
the relief (the deeper and more frecuent the folds in the terrain, the leas
will be the zone of destruction in the general case) and the extent of the
forests of the area (in a forést, zones of damage are reduced somewhat).
Possible changes in the terrain may be judged from the presence of local
obiecis, particularly those subjected to destruction (populated places, various
structures). In this, special attention is paid to objects the deatruction
of which may hinder considerably the combat operations of the troopa (hydraulic

engineering strucivres, water sources in deserts, etc.).
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e Detailed Study of the Terrain
A

detniled study of the terrain is usually performed Ly sectors in
accordance with the serquence for the accomplishment of a com' .* mission,
as well as with consideration of possible enemy actions. In this, special
attention is paid to thosc spreial features of the terrain which, under
given conditions, may have the greatest effect on the accomplishment of the

assigned combat mission ("able 27).

Table 27

Basic methods for studying clements of terrain

Elements of Lhe terrain Basic means and methods of
and theitr characteristics study

Basic forms of relief

Absolute altitude Map - from altitude readings and contour
lines

Relative nltitude Map = from the differences in absolute
altitudes of the highest and lowest points

Length (width) Map - by measurement according to scale

Steepness of slopes Map - visually, frow vertical profile scale

or computation (see Section 3, Chapter III)
Reconnaissance (sco Section 4, Chapter IX)

Gullies

Width Map - from markings, measurcment, or from
cunventional sign (nerrow gullies are
depicted by one line on 1:25,000 and
1:50,000 maps with a width of up to 5 m,
and on 1:100,000 maps with a width of up
to 10 m)

Aerinl photo - by measurement according to
scale

Levgth Map = by measurement according to scale

Acrial photo = by measurement according to
sento

Depih Map - from markings or from the difference
in readings of the hottom and brow

Aerial photo = from shadows with corresponding
illumination

Reconnaissance
Soill of bLottom Reconnaissance
Map - from conventional sign (swnmpiness)
Precipices

Depth Map - from markings or from difference in
altitude roadinga of brow and base

Aorinl photo = from the aize of the shadow
from the precipice (mee p. 125)



(Table 27 cont.)

lLength

Hollows and cmbankments

Depth (height)

Length

Width

Soils

Rivers

Widih

Depth

Specd of current

Map - by measurement according to scale

Acrinl photo = by moasurcment according to
scnle

Map - from markings

Acrial photo - from shadows with corresponding
illumination N

Reconnniasanco
Map - by measurement according to scale

Aerial photo -« by measurement according to
scale

Reconnaissance

Aerianl photo - by measurement according to
scale

Maps - from the reference materials on
1:200,000 maps, from a conventional aymbol
(rocky and sandy soils); approximately -
from vegetation: pine forests, the soil ix
primarily sandy and sandy loan; deciduous
foreats, loamy and sandy loam{ moadow
vegotation, muddy; steppe vegetation,
loamy and sandy loamj swampy, peaty and
muddy. From the outline of contour lines:
angular = rocky soils, smooth - mellowj
presence of gulliea = a sign of the pre-
dominance of loamy soils,

Reconnaissance (sce p. 218)

Map ~ from markings, by measurement according
to scale, according to conventional sign:
rivers with a width of up to 0.1 mm at map
scale are depicted in one lines rivers with
a width of up to 0,1-0,6 mm, in two lines
without maintenance of scalej wider rivers
are reprecsented at scale

Aerial photo - by measurement according to
scale

Reconnaissance
Reconnnlssance

Map - from markings, approximately according
to the transport rating: depth of ravigable
rivers is usually more than 2 meters

Map - from markings or approximately from the
character of the terrain: in mountains,
the current is swift, on hilly terrain,
primarily average, on flat terrain, wecak,

Reconnaissance



(Table 27 cont.)

Soil of bottom

Bottom relief

Banks (steepness, pre-
cipices, swampiness)

Canals (ditches)
Width

Depth

Soil of bottom

Banks

Bridgey

Construction material

Length

Width

lond capacity

Height
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Reconnaissance

Map - from markings, approximately ~ from
specd of current: up to 0,25 m/sec - mud,
0.25-0.5 m/soc = sand, 0.5=1.0 m/scc -
coarse sand, more than 1.0 m/sec - packed
clay, pebbles, stone

Reconnaissance

Map - from conventional signs, contour
lines, markings (precipices)

Acrial photo

Reconnalssance

Map - from markings, from conventional signs,
by measurement with width of image more
than 0.6 mm

Acrial photo = by moasuroment according to
scale

Reconnaissance

Map - according to markings
Reconnaissance
Roconnaisannce

Map

Aerial photo

Reconnalssance

Map = from conventional sign and markings:
D - wooden, M - metal, K - stone, ZhB -
ferroconcrete

Reconnalssance

Map - from markings

Aerial photo - by measurcment
Reconnaissance

Map = from markings

Aerial photo - by measurcment
Reconnaissance I

Map - from mnrklnﬁs

Reconnaissance

Map = at bridges on navigable rivers, the
height of the bottom of the girder above
the water level at normal water level is
indicated

Reconnaissance



(Table 27 cont.)

Construction

Fords

Depth

Length

Soil of bottom

Speed of current

Dams

Height (water head)

Length

Width

Structural material

Conditions for passage
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Reconnaissance

Map - from conventional sign: double-~deck,
stone, and ferroconcrete; chain and
cable; flcating; drawbridges and swing
bridges

Aerial photo - from shadows, particularly
with low lateral illumination

Reconnaissance
Map - from markings
Reconnaissance

Map -~ from markings, by measurement according
to scale

Aerial photo -~ by measurement according to
scale

Reconnaissance

Map - from markings: K - rocky, with large
rocks; T - hard, even (rocky, pebbly or
rubbly); V - viscous (clayey, muddy);

P - packed sand

Reconnaissance

Map - by markings

Map - from markings <r from the difference
in the water lines

Reconnaissance

Map - from markings, by measurement according
to scale (with length of image more than
1 mm)

Aerial photu = by measurement according to
scale

Reconnaissance
Map - according to markingcs
Reconnaissance

Aerial photo - by measurement according
to scale

Map - from markings: h - stone, Bet. -
concrete, ZhB - ferroconcrete, D -
wooden, lem, - dirt

Reconnaissance

Map - from conventional sign: passablc,
impassable

Reconnaissance




(Table 27 cont.)

A’
‘ Swamps
] Size (area, length, width)
2 f
R
Ey
] Depth
b
- Vegetation
R
9 Trafficability
.
{{ Forests
. .5‘ S?+a and configuration of area

Species of trees

Height of trees

Thickness of trees

Thickness of forest

Hiqghways

Class

Surface material

Width
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Map - by measurement according to scale
Reconnaissance

Aerial photo

Reconnaissance

Map - from markings

Map - from conventional signs
Reconnaissance

Aerial photo

Reconnaissance

Map - from conventional sign: impassable
(difficult to negotiate), passable by
a man in the summertime

Map -~ by measurement according to scale

Aerial photo -~ by measurement according to
scale

Map -~ from markings, from conventional
signs

Reconnaissance

Aerial photo

Map ~ from markings

Reconnaissance

Aerial photo - from shudow of trees
Map = from markings

Recennaiasance

Map - fron markings

Reconnaissance

Aerial photo

Map - from conventional signs

Reconnaissance

Map = from markings: A - asphalt and concrete,

Ts - cement and concrete, Br - blocks,

K1 - clinker, B - cobblestone, & - gravel,
K ~ crushed rock, Shl - cinder, Shch -
rubble

Reconnaissance
Map - from markings
Reconnaissance

Acrial photo = by measurement accerding to
“cale
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(Table 27 cont.)
e

. RE

: Steep turms Maps -~ from conventional signs

(road sectors with radii of turn of less
than 25 meters)

Aerial photo

; Reconnaissance
; ¢ Populated places
ﬁ{ Type Map - from the image and type of printed )
;; name
; Number of residents Map - from ma'«ings or the size of the print
; Reconnaissance .
% Number of yards Map - from markings (in rural areas)
$§ Reconnaissance
ﬁ Main thoroughfares Map - main thoroughfares are shown with a
3 width of 0.6-0.8 mm, the others with a
: width of 0.3-0.5 mm
15 Reconnaissance
< E: Aerial photo

3. Study of Conditions for Observation and Camouflage

a) Study of conditions for observation (camouflage) in a zone
Conditions for observation and camouflage in a zone (on a sector)
are evaluated trom the degree to which the terrain can be observed from

all possible observation points (posts). In this, consideration is given to,

i first, the employment of all modern mc.ns for observation (optical, radar,
i television, infrared equipment), sccond, to the change in the position of
%43

—J troops in the course of the battle {(arrival at new positions in an attack

and maneuver in the defense).

General procedure for study:

to reveal commanding positions, heights, and local objects on which
the disposition of cbservation points (posts) is most expedient;

to determine natural masks (forests, populated places, gardens, brush,
folds in the relief) which hinder observation;

to determine the far limit of observation; for this, the greatest
heights of the commanding position is compared with the heights of the terrain
which lies out in front and the line is determined beyond which the terrain
cannot be observed completely or with minor exception from the commanding
pesiticn, this will also be the far limit of observation:

cach possible cover 1s analyzed in detarl, and the selection of obserya-
tion posts and the limits of sectors which cannot be observed from all

observation posts are elaborated in aetatl,
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Figure 56. Field of invisibility from two observation posts.

The results nf the study of observation are formulated on a map with
consideration of each splected observation post by coloring fields of
invisibility (red or yellow for friendly troops, blue or purple for enemy
troops) or by hatchures. Figure 56 shows an example of a single color formu-
lation of fields of invisibility from two observation posts. The radial
directisn of the hatchures relative to the observation posts shows that the
area of the loue house A 1s observed from OP-1 and is not observed from
OP-2; the area of the bridge B is observed only from OP-2 and the area of the
lone tree C is not observed from either observation post,

Conditions for camouflage against observation from enemy ground posts
arce determined by studying observation conditions ''as the enemy."

b} Determination of visibility of targets with consideration of
the shape of slopes and the height of obstacles

With the disposition of the observation post and target on the
same slope and the absence of raised local objects between them, the visi-
Lilitv of the target from the obscervation post depends completely on the
shape of the slope: visibility 18 present on an even and concave slope
but there is no visibility on a convex slope.

[he solution of the problem for determining direct visibility between
observer and target with their location on different slopes as well as with
consideration of obstarles located between them may follow from the follow-

1ng three different conditions (iqg. 7).
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1. When the absolute altitudes of the observer and the target are
lower than the altitude of at least one of the obstacles located between
them.

There is no visibillity.

2. When the absolute altitude of the observer and the target are
greater than the altitude of any of the obstacles located between them.

There is visibility.

J.When the altitude of even one of the obstacles is intermediate between
the altitude of the observer and the target.

Visibility depends on the height of the obstacle as well as on the
place where it is located relative to the observer and the target and is
determined graphically (by the construction of a triangle on a map) or b

computation.
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Figure 57. Conditions for direct visibility.

Key: a - conditions of the problem; b - relation between altitudes:
- observer, target, obstacle; ¢ ~ presence of visibility;
d - OP; e - none; £ - present; g - problem is solved by the
construction of a triangle or by computation; h - target.

The determination of visibility of a target by the construction of a
triangle is accomplished in the following manner., We determine the absolute
altitude of the observer, obstacle, target, and their altitude difference
above the lowest point (this is always the observation post or the target).
The aititudm difference which is obtained is laid off in an arbitrary but
single scale from the corresponding points along perpendiculars to the
observer-target line, A ruler is applied to the points which correspond
to the height of the observer's position and the height of the obstacle and
a line is drawn (ray of vision}!. 1If this straight line passes above the point
which corresponds to the position of the target for altitude, the target
cannot be seen and if the line passes below, the target can be seen.

Eﬁiﬂﬁlﬂ' From an obsecivation post having an altitude reading of 211 m
(fig. 58), target No, 1 (1s-1) with an altitude reading of 202,9 m cannot
be geen since an obstacle 18 present between them with a veading of approxi-
mately 216 meters.  larget No. 2 (Fs=2) is visible because the altitude

reading of the observation post (211) and the altitude reading of the tarqget
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E: (212) are greater than the altitude reading of any of the obstacles located
f; between them (the greatest reading of the obstacles is approximately 207 m).
ff Visibility from the same observation post to target No. 3 which has an

n'ﬁ altitude reading of 192 m is determined visually without the 1equired con-

[

- 3 fidence in accuracy. The visibiiity of a target and, where necessary, the
B altitude to which the observer should be raised, are determined with complete
A confidence by the construction of a triangle.

3

3
A U.J Ta -3
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a8 /, /-"L/“ ) 212,
= / " "' gzz/

-5 Figure 58. Determinati: t .1 ibili y by constructing a
' triangle.
[{: We take the altitude of the target's location as zero. An obstacle

with a reading of 205 m rises 13 m above the targei (205-192) while the
observation post rises 19 m above the target (211-192), We lay off the ob-
tained difference at the corresponding points (observation post, obstacle)
along perpendiculars to the straight line OP-target. We use a vertical
scale for construction as follows: 1 mm on the drawing equals 2 meters on
the ground.

A straight line (ray) drawn from the target through the highest point
on the obstacle C passes above the point of the position of observation
post A. A measurement of segment AB shows that it equals 5 mm; at the scale
taken for the construction, this corresponds to 10 m on the terrain. In
other words, under given conditions the target is not visible; 1f, however,
the observation post is raised 10 m above the terrain, direct visibility
from the observation post to target No. 3 will be agsured.

The determination of visibility of a target by computation ix performed
trom the formula

- b/a (“obst-”tnx) ! “tur - “op

where

{ 3 the amount by which 1t 18 necessary to ralse the observet

(for opren vistbility);
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D is the distance from the observer to the target;
d is the distance from the obstacle to the tavget;
"op’ ”obst’ Htar are the absolute altitudes of the locations of the
observer, obstacle, and target.
A minus sign for value { will show that it is not necessary to raise
the observer since visibility will be preserved even with a drop in the
location of the observer by the amount which has been obtained.

¢) Determination of target visibility with curvature of the
earth and refraction taken into consideration

The task for the determination of visibility of the target and the
necessity to 1ift the observer (radar antenna) which requires consideration
only of the curvature of the earth and refraction, arises in a practical
manner in organizing observation on flat open terrain or at sea and with a
range of observation of % km or more. Vith an insignificant height of
target, which co1 be neglected for practical purposes, the solution of the
problem with consideration of curvature of the carth arnd refraction is
accomplished by the formula foy the range of the visible horizon or from

tables which have been computed by this formula

0=3.83Vn

where

b is the range to the vigible horizon, km;

h is the height to which the observer is raised, meters.

Example 1. The height to which the observer is raised, h, cquals
4k meters. Determine the :ange D of visibility of ground (water surface)
targets,

Solution., D = 3.83.V’Z—= 7.66 km.

Eﬁﬂyplo 2. Range of observation I) = 15.5 km. Determine the required
height h to which the observer must be raised (m).

Solution. rom the formula for the value

“
b= (B/3.83)7.
Lonsequently,

h = (15.5/3.83)7 - 16,1 meters

Both eizamples mav be solved with the use of tables entiiled "Rang.-
of direct visgbility with different hejaghts to which the observer 1~ tatsed"
(see po 145) in which the value D is taken divectly in the tirst case and
the value h in the second case.

Detemmination of visibility ol the target «ith consideration of
curvatute of the ecarth and refractron, and the harght ot target 1« performed

from the formula

~ e

apre—y
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where
D is the range of visibility, km;
h1 is the altitude to which the observer is raised, meters;

h_ is the altitude of the target, meters.

-

Example 1. The height to which the antenna of a coastal radar (including

the height of the shore) is raised above the water, h equals 9 meters.

19
The height of a portion of an enemy ship above the water equals 4 meters.
Determine the possible range of detection of the ship by a radar.

Solution. D = 3.83 (Y9 + V&) = 19.2 km.

Example 2. The range of observation, D)y equals 15.5 km. Height of

; target h, equals 4 meters. Determine the necessary height to which the ob-
server must be raised, hl' to assure visibility of the target.
7 Solution. From the formula I = 3.83 (1%1 +'VEQ)

the value

h, = (0/3.8) -T2,

.

; We substitute the values of the known quantities in the formula
4 .

E h) = 15.5/3.83 -'YZ) = 4.2 meters.

Thus, the height to which 1t is necessary to raise the observer equals
4,2 meters.

The range of visibrlity of aerial targets with h1 equal to zero can
be taken directly from lable 29 (see p. 145).

d) Determination of visibility of target with the simultaneous
consideration of curvature of the earth, refraction, and
obstacles

The problem, the solution of which requires the determination of
the visibility of the target with simultanecus consideration of curvature
of the earth, refraction, and obstacles arises in the case where observation
is organized over a considerable distance (5 ku or more) and the direction
of observation contains various obstacles in the form of folds in the relief,
forests, ete. In this case, the problem is solved by the formula

-1 1 t - H t 1. /d
“ohst op ! ‘l v obst tar ! ".3)‘1 (’."

where
t is the amount the obsecrver (radar antenna) must be raised to assure
visibilityy
H , U . H are the absolute altitudes of the obstacle, target,
obst tat op
and obzervert's (radar's) position;

(ll 1s the distance from the observer to the obstacles;

d,, is the distance trom the taraget to the obstacles;
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hl’ h2 are corrections for curvature of the earth and refraction,
respectively, for distances d1 and d_, which are determined by

the formula

h = ((1/3.83)2.

Example. The ob.erver is located at point A (fig. 59), the absolute
altitude of which is 220 meters. It is required to determine the presence
of direct visibility and in case that visibility is lacking - the necessary
amount to raise the observer to assure direct visibility of the exit from

a populated place at point B, the absolute altitude of which equals 170 meters.

Figure 59. Determination of vigibility (example).

Solution. Analysis of altitudes along the direction of observation
shows that the largest obstacle (hill with a forest) is located at point P,
The absolute altitude of the obstacle equals 202 meters (spot altitude of
relief 190 plus 12 meters height of forest). The distance of the .ostacle
from the observer dl = 5.8 km, from the target d, - 8.2 km.

First, from the formula we determine the values h. and hQ:

h. = 1.6 meters; h, = 4.6 meters.

1
Then we place all data in the formula and perform the computation:

(202 = 170 « 4.6)+4 .8

{ = 202 ~ 220 4 1.6 4 TS = =164 + 21,4 = 4 5,

Thus, the height to which the observesr must be raised at point A
in order to assure direct visibility of the exit from the populated place
at point B equals 5 meters,

It is cxpedient to add 1 to 2 meters to the height to which the
observer (antenna) must be raised because individual nsignificant irregulari-
ties in the reliet, as well as obstacles in the form of grassy cover, etc.,,
are not reflected on the map and are not considered in the calculation., This

shovl | quarantee a more dependable observation 2f the t arqget artca,
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e) Range of direct visibility with different height to which
the observer is raised.

Table 28
Lasorg woomnina | /laaumocru upwsod | acors nonnenn | Jlasvnocts npasod
HALIAICHA By M | Wi iuMacT ), KM Wabawaarean by ¥ | onanwocrn 0, xu
) b
5 9 200 51
10 12 300 64
15 15 400 17
20 17 00 86
30 21 600 94
10 24 700 101
W 27 800 108
75 34 000 113
00 RE 00 120

a - height to which observer is raised, h, meters;

b - height of direct visibility D, kmj; ¢ - height to
which observer is raised, h, meters; d - range of
direct visibility D, km.

e
©
1]

f) Range of open visibility of target with various target heights

Table 29
HEOL e, au ""'"'::::I.;‘.ul.:l |I;cl‘~';"|.|l"}'
w I
1 1)
2 170
3 20
4 204
5 270
6 3
7 320
) 31
b RiT]
14} 80
15 170
20 510
25 (U]
3 (1))
3 720

Key: a - height of target, km; b - range of open visibility, km.

g) Determining the limits of visibility along lines of direction
(the "equal segments" method)

The limits of direct viaibility from givea obrervation posts
within limits which do not require consideration of curvature of the earth
and refraction are determined most rapidly using dividers by the "equal
segments" method. 1ts essence consists of the following. Having drawn the
given line of direction on a map, we study it carefully and note tha points
whlch may represont the start of sectors which cannot be observed: lines of
divides or bends of sloﬁes behind which a stceper drop follows, forests,

elevated structures, ete. tHaving determined and marked the altiiudes of the
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observation post and the obstacles, we begin io disclose the size of the
closed sector (or range) for eacl: of the obstacles. For this, with a span
of the dividers equal to the distance from the observation post to the
first obastacle, we make an increment beyond the obstacle along the direction :
of observation, having in mind that the ray of vision drops or raises one
increment of the dividers for a quantity which equals the difference in
altitudes between the observation post and the first obstacle. If, in -
comparing after the first increment, .t turns out that the height of the
terrain ecquals the height of the ray of vision or exceeds it, there is
visibility; if it is lower, there is no visibility and it is necessary to
make the next increment with the dividers. The comparison between the
heights of the ray (with consideration of its subsequent drop or rise) and
the terrain is repeated after each subsequent incremont right up to opoen
visibility or to the limit of the range of observation.

Having completed the analysis of the first obstacle, in the same
manner we analyze the cover beyond the second, third, and subsequent ob-
vtacless  The difference in the altitudes of the ray here will be respactively
the difference in the altitudes between the observatiun poat and the obstaclo -
second, third, etc.

In the nasc where the distance from the observation post to the ob-
stacle is great and does not provide the accuracy for the analysis of vimi-
bility within the limits of the dividers increment, the increment of the di-
viders may be reduced by half, a third, etc.; the difference in the altitudes
of the observation post nad the obstacle being analyzed is also reduced
accordingly.

Example. The altitude reading of an observation post equals 180
(rig. 60). The first obstacle on the line of ohservation AB which
createos a closed scctor will be the point in the bend of the relief, a,
with an altitude rading of 170, the second the crest of the hill with a
reading of 155 at point b, and the third, the crest of a hill with an

altitude reading of 180 at point c.

Figure GO. Determining visibility by the "equal segments' method.
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We take the segment Aa as the .nan of the dividers and we make an in-

crement to point e The height of the ray of observation drops on the segment

from A Lo a by 10 meters (180 = 170) and from a to al another 10 meters.

1 will equal 160 (170-10). But

the terrain at that point has an altitude reading on the order of 145.

Thus, the altitude reading of the ray at a

There is no visibility since the ray of vision passes above the terrain by
15 meters (160 - 145),

We take the next increment, to point a,. The reading of the altitude
of the ray here will cqual 150 (160-10) anduof the terrain, 127, There in
no visibility. At point ﬂj the altitude reading of the ray equals the alti-
tude reading of the terrain (140). Consequently, visibility is opened and
will exist until the terrain rises, in this case to point b. Thua, the”
first invisible sector will be sector ang.

We begin to determine the limit of the closed sector byond obstacle b.
The drop of the ray from A to b equals 25 meters (180-155). It does not
appear possible to use a dividers increment equal to the entire segment Ab
since the visibility within the limits of the increment will romain un-
clarified. Therefore, we take a dividers span equal to only 1/5 of the
eogment Ab. For this increment, the drop in the ray should also be reduced
five times; it will cqual 5 meters (25 : 5). Taking increments with the
dividers and comparing the height of the ray and the height of the terrain
behind point b, wo obtain the following. The helight of the ray is
150 meters (155-5) at point bl' height of the terrain is 143, The height
of the ray is 145 meters (150-5) at point b,, height of the terrain is
also lhé. Conscquently, visibility opened ;p at point b,.

The 1imit of visibility beyond the obstacle ¢ is do:ormined more
simply. The height of the observation post and the height of the ob-
stacle are cqual {180 meters). Consequently, the ray of vision will pass
horizontally and everything that has an altitude reading of less than 180
will be concealed behind the obstacle, Visibility opens up at point ¢

Depending upon the required accuracy and conditions for work, thel
solution of the problem by the "equal smegments' method may be performed
with the use of a ruler, available mdterial, and even by visual estimations
instead of by dividers.

h) Determining the visibility of targets and limits of visibility
along lines of direcction using proriles

Straight lines (rays) are drawn from tho point of the obscrvation
post through two obstacles for determining the limits of viribility along
lines of direction on a profile (fig. 61). (For the construction of a
profile from a map, sec Section 4, Chapter I1I). The closed sectors which
are obtained in this manner (shaded on the drawing) are transferred (pro-

jected) along perpendiculars to the profile line on the map.
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150
40
130
120
)
102
0

Figure 61. Determining visibility from a profije.

a -~ sector of invisibility.

The visibility of a target which is disposed on a profile line is
determined either directiy from the map after the limits of visibility are
transferred to it or by means of transfer (projecting) of the target to the
profile. 1In the latter case, in the absenc: of visibility it becomes
possible to determine the amount to which it is necessary to raise the ob-
server to assurc visibility. For this, we draw a straight line (ray) from
{he point of the target's position through the obstacle. The vertical seg-
ment between the point of the observation post's position and the line which
has been drawn expresses the amount by which the observer must be raised in
the vertical scale which has been adopted for this profile. For example,
to assure visibility of the target at point A (see fig. 61), it is required

to raise the observer by 7 meters (by the amount of the segment (OP-C)).
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Figure 62, Construction of a profile with consideration of
curvature of the earth,
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Solution of the problems in this manner but with consideration of the
curvature of the earth requires the construction of a special profile.
For this, a horizontal straight line (fig. 62) is drawn on a sheet of paper
(best if it is millimeter paper) and the segment AB corresponding to the
length of the line AB on the map is laid off.

To construct an arc of the arbitrary flat surface of the earth, it is
necessary first to determine its downwarping for the given distance. For

this, we use the Tormula

h = (D/2.3.83)%,
where

h is the height of the arc, meters;

D is the range of observation, km.

The size of the downwarping of the arc, which has been obtained in the
vertical scale which has been ado,ted for the given profile, is laid off
on a perpendicular to the horizonta: straight line at point O (in the middle
of the segment AB). An arc is drawn ‘hrough point A, B, and 01 which has
heen obtained.

Then we give the curve which hee boen oblained a certain altitude
value - the rounded value of the lowest points on the line of direction AB,
In our example, the smoothed curve is given the value of 170 meters. Next,
placing a sheet of millimeter paper against the Jine AB on the map, we
lay off the al?itudc position of the most characteris: ic points of the tracs
(bends in the relief, forests, etc.) above the curve in the accepted scale.
The points which are obtained are connected by a smooth curve.

Subsequent work with the profile is accomplished in the normal method.

i) Determination of ffelds of invisibility in a scctor

To determine fields of invisibility from given observation posts
(positions), we first determine the limits of visibility for several o1 the
most characteristic lines of direction in the sector. The number of
selected lines of direction depends on the nature of the terrain and range
of observation. The more closed che terrain and the greater the range of
observation, the more the lines of Jdirection which are planred. On the
average, lines of direction are taken every 15 - 20°.

The limits of visibility which are obtained along the lines of
direction are connected with each other on the map, conforming to the relief
and local objects. The field of invisibility is shaded as shown in

Figure 56, or lightly colored.
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4, Studying Trafficability Conditions

a) General procedure for studying trafficability conditions
Terrain trafficability is studied with consideration of the mission
to be accomplished, the tactical and technical data for the combat and
transport equipment, and the weather conditions.
The conditions for the regrouping and maneuver of troops depends primarily
on the degree of development and nature of the road net which is studied
from topographic and special (road) maps. Cross-country trafficability, which
is one of the essential conditions of terrain affecting the conduct of combat
operations, depends on the characteristics of the relief, the water net,
and the soil-ground and vegetational cover. The special features of the
terrain elements which must be considered for the evaluation of their traffi-
cability are determined successively in accordance with the table "Basic
methods for studying terrain elements" (see p. 133).
The study of conditions for trvafficability is facilitated considerably
due to the use of special charts - charts of water lines and charts of
trafficability (sce pages 30 and 32).

b) Classification of terrain in accordance with trafficability
(cross country)

Terrain which is easy to negotiate does not restrict the speed or
direction of movement and allows repeated movement over one trail of tracked
or wheeled vehicles; it permits the unhampered employment of combat equip-
ment in dispersed formations and movement of columns without reinforcing
the ground.

Trafficable terrain hardly limits speed or direction of movements and
allows repeated movement of tracked vehicles along one trail, and only in-
dividual places must be bypassed or reinforced (passages improved); the move-
meni of wheeled vehicles (with normal trafficability) is somewhat hindered.
Trafficable terrain permits almost unhampered employment of combat equipment
in dispersed formations and the movement of columns, except for individual
directions.

Terrain which is difficult to negotiate permits the movement of tracked
vehicles at low speed and limits freedom of maneuver and the movement oi
many vehicles over one trail; the movement of wheeled vehicles (or
regular trafficability) is almost impossible. Terrain which is difficult
Lo nogotiate limits the employment of combat equipment in dispersed forma-
tions (it cannot be excluded that a portion of the vehicles will not pass
under their own power); the movement of columns is possible only over roads
and over speclally improved routes.

Impassable terrain is inaccessible for cross country movement of

tracked and wheeled vehicles,
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c) Trafficability of terrain for combat and transport equipment

Trafficability of terrair. and speed of movement of combat equipment

and transport means are indicated in Tables 30 to 39.

Table 30

Accessibility of slopes (for a rise with hard, dry ground)

Types of equipment and transport means

Steepness of accessible
slopes, degrees

Light and cargo vehicles

Vehicles with increased trafficability
Pack animals

Tractors and prime movers without trailers
Tractors and prime movers with trailers

Tanks

12-16
20-30
25
30
17-25
30-35

Remarks., Short rises (5-10 meters) are accessible for tanks with a

steepness of up to 40°.

Table 31

Typical speed of cross country movement depending on the steepness

of slopes (for a rise in dry weather with normal traction of the

running gear with the ground)

Type of vehicles

Speed of movement, km/hr, with
steepness of slopes

3-6° 6-10° 10-15° 15=20°
Wheeled vehicles 20-15 15-12 12-8 8-5
Tanks 15-12 12-10 10-6 64
Prime movers 12-10 10-7 7-5 5~3
Table 32

Accessibility of vertical walls, gullies, escarpments (with dry

solid ground at the base)

Types of equipment

Accessible height of wall, m

Tanks

Tractors and prime movers

up to 0.85
up to 0.4-0.6

gy py
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Table 33

Accessibility of ditches, trenches, wash-outs (with solid ground,

walls not caved in)

Types of equipment

Accessible width of ditch, m

Tanks
Tractors and prime movers without trailers

Wheeled vehicles with increased trafficability
(three-axle)

up to 2.4

up to 1.6-2,0

up to 0.5-0.8

Table 34
Trafficability of swamps

Type and nature of swamp in
warm time of year

Degree of trafficability

for tanks for tractors for man

Upstream (moss) swamps
Continucyhs moss cover, nho trees untrafficable wuntrafficable trafficable
or rarely encountered suppressed with
pine, many areas of permanently difficulty
wet land due to outflow of under-
ground water, water stands above
the surface or at a level with
it (in permanently wet lands)
Same type of swamp but few per-  trafficable trafficable trafficable
mancntly wet arcas, no water on
the surface

Lowland (grassy) swamps
Continuous grass cover, ho untrafficable untrafficable trafficable
trees, willow bushes rarely with diffi-
encountered, water on the culty
surface
Grassy and mossy cover, willow untrafficable untrafficable trafficable
brush, rarely individual trees, with diffi-
small hillocks, water above the culty
surface or at a level with it
The same type of swamp, but trafficable trafficable freely
water below surface with diffi- trafficable

culty

Continuous can thickets, surface untrafficable untrafficable trafficable
viscously peaty or muddy, water with diffi-
on the surface of the soil or a culty
little below it

Forest swamps
Forest of birch or pine, thick untrafficable untrafficable trafficable

grassy cover, hillocks at the
trunks of the trees, water on
the surface or flush with it
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(Table 34 cont.)

Sparse forest or of average .trafficable trafficable freely
density of pine, 10-12 m high, with diffi- with diffi~ trafficable
peat cover, large hillocks, culty culty

surface dry

Forest of average density of untrafficable wuntrafficable trafficable
birsh or spruce, alder bushes,

thick, grassy cover, hillocks
around trees, many wind-fallen
trees, water on the surface or
a little below it

Remarks. [Frozen swamps are accessibla for tanks with a depth of
freezing of more than 20-40 cm, for tractors 15-25 cm, wheeled vehicles
20-30 cm.

Table 35

Trafficability of continuous peat swamps

Nature of swAmp Allowable pressure Trafficability
kg/cm
Peat very compact, dried and 1.0 Tanks
slightly moist
Peat compact, average wetness 0.75 Tanks
Peat loose, wet 0.50 Tracked vchicles
Peat very loose, very wet 0.25 Passable on foot, with
difficulty
Peat, fluid 0.12-0.14 Unpassable
Table 36

Trafficability for fording rivers

Combat arms and Allowable fording depth, meters, with
cquipment speed of current
up to 1 m/sec up to 2 m/sec more than
2 m/sec
Infantry in dismounted
fomﬂtion 1.0 0'8 006
Vehicles
light 0.6 0.5 0.4
cargo, 3-3.5 tons 0.8 0.7 0.6
cargo, 5 tens 0.9 0.8 0.7

Artillery with tracked prime

movers 1.0 0.9 0.8
Tractors 0.8 0.7 0.6
Medium tanks 1.2 1.1 1.0
Heavy tanks 1.5 1.4 1.3
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Remarks. 1. Steepness of exits from the water should not exceed
4-6° for wheeled vehicles or 10-15° for prime movers, tractors, and tanks.

2. The depth of the ford includes the layer of water and the layer
of mud to solid ground.

3. With hermetization of the engine, the allowable fording depth for
wheeled vehicles may be increased by 40-60%.

Table 37
Trafficability of water obstacles over ice (with temperature

below ~£°C)

Type of load being crossed over ice Complete weight Necessary thick-

of load, tons ness of ice, cm

Tracked loads (tanks, armored personnel

carriers) 6 22
10 28
16 36
20 4o
30 L9
Lo 57
50 64
60 70

Wheeled loads (wheeled vehicles, wheeled
armored personnel carriers) 2 16
4 22
6 27
8 31
10 35
Guns with prime movers 6 20
8 23
10 25
20 36
30 Ly
40 51

Troops in dismounted formation

in column in single file - 4
in column in pairs - 6
in uny formation - 15

Remarks. 1. With a temperature above -5°C, the strength of the ice
is reduced, and particularly sc with temperatures above zero.

2. The date which are presented pertain to fresh-water ice.
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Table 38

Trafficability of snow cover

Type of equipment Steepness of slope, Allowable thick-

degrees ness of snow cover,
cm
to 5 o 60-75
5-1u to 40-55
Tanks 10-15 to 30-43
15-20 to 25
Tractors and prime movers to 5 to 50-60
Wheeled vehicles to 5 to 25-30
Table 39

Approximate average allowable speed of movement in columns over roads
with various surfaces

Type of road surface Allowable average speed of movement on roads,

(type of road) fon/hr
With new With repaired With area of unrepaired
surface surface surface comprising
up to 10% more than 10%
of entire of entire
area area
Cement-concrete 50 - - -
Asphalt 50 40-50 20-35 10-20
Crushed stone and gravel
processed with binding
materials 50 L4o-45 20-30 10-20
Crushed stone and gravel 40 30~40 20-30 10-20
Roads paved with coblLle~
stones or crushed rock 35 25-35 15-25 10-20
Improved dirt roads 30 20-30 12-20 5«12
Natural dirt roads 25 15-25 8-15 5-10

5. Study of the Protective Properties of Terrain

Terrain, and particularly relief and forests, have a certain influence
on the destructive effect of nuclear weapons.

On open flat terrain, a gradual drop in the pressure in the shock wave
is observed with an increcase in the distance from ground zero. On broken
terrain the pressure drops less uniformly with an increase in distance; in
some places the pressure drops and in other places it increases somewhat.
The pressure in the shock wave is reduced on reverse slopes with an in-
crease in cheir steepness; on reverse slopes,the velocity head of the air

masses is also reduced, Some reductica in pressure i< also observed behind

N
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hills with steep slopes. The pressure is reduced significantly in the shock
wave in narrow, deep, and winding depressions, gullies, gorges, hollows,
etc., which are disposed perpendicular'to the direction of propagation of
the shock wave.

The injurious effect of the shock wave increases on forward slopes with
a considerable steepness, as well as in gullies, gorges, and canyons which
are extended in the direction of propagation of the shock wave.

With a surface burst, the effect of the folds in the terrain on pro-
tection against the shock wave is felt at any distance from ground zero and
with an air burst, only in a Aistance zone.

With sufficient height (depth), the folds in the terrein screen out
luminous radiation and create zonetz of complete and partial dasrkening. The '
light pulse is attenuated considerably in zones of complete darkening (only
reflected rays penetrate beyond the screen); in zones of partial darkening, ;
the light pulse is also reduced somewhat (a portion of the rays of the
luminous region, sphere or hemisphere, is screened). ‘

The damaging effect of a nuclear burst is attenuated to some degree in
forest terrain, parcicularly in dense forests. The velocity head is reduced
as trees brake the moving air masses and the light radiation is =screened
gignificantly by the crowns of the trees, especially those of deciduous
species.

Forests promote the camouflage and protection of troops against injury
by nuclear weapons but they may hinder the actions of troops with the formation
of obstructions and fires as a result of nuclear bursts; the probability of
fires is greater in coniferous forests and forests with slashings.

Populated placed and local objects which rise up above the earthfs sur-
face may be subjected to considerable destruction over large areas. The
obstruction of thoroughfares and fires arc possible in populated places.

The effect of the terrain on the action and employment of nuclear weapons
is established in the process of studying the terrain and its protective proper-
ties, natural cover is revealed, and possible zones of desiruction and obstacles,
and objects against which nuclear strikes are probable, are disclosed.

Natural covers (caves, underground mines, quarries, gullies, gorges, etc.)
are disclosed in the process of the entire study of the *errain.

Possible zones of destruction are judged primarily from the relief and
the degree of forestation of the terrain., Obstructions of roads and passager
in mountains, inundation an¢ swamping of the terrain with the destruction
of the dams of reservoirg and with bursts in river channels are possible.

Probable objectives for nuclear strikes laccording to terrain conditions)
are terrain objects (areas), with strikes against which not only troops

located in the zone of the nuclear strike will be injured, but obstacles which
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are difficult to negotiate will also arise, the crossing or bypassing of
o which will delay the overall advance of the troops. Such objectives may
be passes and canyons in mountains, crossings over wide rivers, large rail-
road centers and centers for automobile main highways, dams of reservoirs

with large capacity, various defiles, etc.

6. Study of Route of March

The process for styding a route includes three basic stages:

seauaintance with the overall character of the terrain in the direction

? ;1 . of the route;
fk selection of the route (if it has not been assigned by the higher command),
highlighting (marking) on a map and measuring its length with the preparations ‘
of corresponding route documents;
detailed study of the route and determination of average speed of move-

ment by sectors.

s e

The route is highlighted on the map by drawing a thick, continuous or

B} {” broken (segments up to 1 cm) line along the road (trail) which is easily

., visible against the background of the map. The color which is selected most
often to highlight the route is brown (on maps of mountain regions with a
large number of brown contour lines, it is expedient to use another color).
The highlighting line is drawn alongside the roaa with the purpose of pre-
serving the latter's conventional sign and must be interrupted on bridges

and other objects which have great significance in the accomplishment of the
march from the point of view of orientation and trafficability., The length of
the route is measured by increments of dividers or a curvimeter (see Section 1,
Chapter II1) and is marked every 5-10 km in increasing totals, beginning

with the initial marking (5, 10, 15, etc.). It is necessary to apply a
correction to the length of the route as measured from a map (see Section 1,
Chapter III).

The route is studied from a topographic map. With the availability of
time and the corresponding materials, special maps (road maps) and aerial
photos are usged; vhere possible, moreover, a map reconnaissance is performed.

As a result of the study of the route, the following are determined:
nature and condition of the road and road structures (bridges, viaducts,
pipes); obstacles and routes to bypass them; the possibility of driving from
the road and movement off roads; defiles; conditions for camouflage while in
motion and at halts; conditions for orientation; protective properties of
the terrain; conditions for water supply; sites convenient for halts; lines
of deployment; routes for the movement of security podrazdeleniye; average
speed - movement over seciors and some other data in accui*wnce with the
special features of the composition of the column, situation, time, and planned

route of movement.
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7. Specinl Features in Studying Terrain in Winter

The basic changes in tactical characteristics of the terrain in winter
consist of the following: to a greater degree than in summer populated places
attract troops with the possibility for concealment and warming.

As a rule, the road net is reduced. Many roads, particularly dirt roads,
are covered with snow drifts and bucome impassable fornormal wheeled vehicles.

The speed of mrvement over highways is reduced, particularly during periods
of ice and snow drifts. ‘

Rivers, lakes, and swamps may be crossed over the ice. The trafficability
of forests is reduced sharply due to the deep snow drifts and stumps,
blowdown, etc., hidden under the snow. Camouflage and protective properties
of deciduous forests are sharply reduced (combat equipment almost completely
gives itself away from the air, either directly or from the vehicle tracks).

Frozen soils hinder engineer improvement of the terrain.

Traffica?ility of the terrain in winter may change sharply from very
good with ground which is frozen through (frozen swamps) and the absence of
snow cover to very poor with large snow drifts.

The following is recommended in studying terrain under winter conditions:

aerial photos of a recent (winter) flight should be used;

use should te made of data of descriptions of prevailing winds (for
determining the nature of drifts), periods for the fall of precipitation and
their amount, temperature fluctuations, and time and depth of freezing of
soils, rivers, and aowamps;

weather summaries and forecasts should be considered systematically;

terrain reconnaissance should be conducted constantly and purposefully.
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Chapter VI

Target Zndication

l. Target Indication on the Terrain

a) Target indication from a reference point

Target indication from a reference point is a method for indicating i
an object (target) on a map and terraln by polar coordinates (see p. 60). .
Indicated with this method of target indication (on a map or directly '
on the ground) is a well-known (easily noticeable) reference point (1arge
populated place, lake, etc.), direction to the object, and the distance from
the roference point to the object; for example, "Head of column - 20 km east
of Millerovo."
For convenience in target indication on the battl.field, ecasily notice-
able reference points are selected ahead of time and they are given conventional
designations or numbers. A commonly accepted procedure for numbering is from
right to left and, by lines, away from one's self toward the enemy. The
location, type, and name of the reference points should be well known to the
one who is indicating the target and the one receiving the target. For this,
a sketch of reference points is usually prepared.
In indicating a target, we name the clogest reference point, direction
to the target in mils (from the observer-reference point line) and the distance
in meters.
Example. '"Reference point No. 5, left 40, add 200, observer in bushes."
If the one indicating the target and the one receiving the target are
located at the same observation post, then instead of the reference point-
target distance we somutimes indicate the vertical angle from the reference
point to the target in mils.
Example. "Reference point No. 2, right 30, drop 5, machine gun in bushes,"
Targets which are not very noticeable are indicated successively, i.e.,
first we indicate the nearest easily ncticeable object and then, from
this object the target.
Example. "Reference point No. 4, right 20 - corner of pasture, add
100 - bush, dug-in tank to the left.”

b) Target indication with tracer bullets (shells) and signal
cartridges (flares)

For indication of targets with tracer bullets (shells) or signal
cartridges (flares) we establish ahead of time the reference points, order
and length of bursts (color of flares), and to receive the target we designate
a special observer with the mission of observing the indicated area and re-
porting the appearance of the signals. A typical form of the report is:

"Reference point No. 5, right 40, drop of tracers at bush."
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2. Target Indication from a Map

a) Target indication from the squares of the kilometer grid

In target indication from the squares of a kilometer grid, we indicate
the square in which the target is located. We designate the square by the
numbering of the kilometer lines which are marked on the map in the following
order: first we call the number of the horizontal line on the southern side
of the square and then the number of the vertical line on the western side
of the square.

Example (fig. 63a). "Ivanovka, square 08, 17." The form for recording
is, "Ivanovka (0817}."

With the necessity to indicate the target more precisely, the map square
is intentionally divided into four parts and each part is designated by the
letters of the Russian alphabet ABVG, or the square is divided into 9 parts
and numbered from 1 to 9 in a clockwise direction, beginning from the upper
left corner and ending with the square which is located in the center.

Example 1 (fig. 63b). ‘'Lone tree, square 08, 18, A." Form for
recording, "Lone tree (0818 - A)."

Example 2 (fig. 63c). "Barn, square 08, 19, 6." Form for recording,
"Barn (0819 - 6)."

The method of target indication by squares is used when indicating
the location of boundary lires, areas, sectors, lines of direction, routes,

reference points, targets, ectc.

o .
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Figure 63. Target indication from squares.

b) Target indication by rectangular coordinates

Target indication by rectangular coordinates is the most precise
method for indicating the lccation of an object (target); it is used to
indicate eapecially important objects (launcher positions, ground zero of
nuclear strikes, etc.). The rectangular coordinates of objects are deter-
mined (read) primarily from a map or aerial photograph with a coordinate grid
and may also be determined from data from the observation of the object by
radio-technical, optical, and other means of reconnaissance by solving the

direct geodetic problem (see p. 14).
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c) Target indication by c.odetic (geographic) coordinates

Target indicatior 7y geodetic coordinates is the ba:ic method for
target indication on a map without kilometer grids; thr location of an
object is irdicated by latitude and longitude. The laii:ude aad longitude
of the object are determined from the markings of the parallels and meri~
dians closest to the object with the addition of minutes and seconds which
are read with the use of a special chart located on the map (fig. 64;

see object M - north latitude 21°40'51", west longitude 80°00'37").
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Figure 64. Target indication by geodetic (geographic) coordinates.

d) Target indication from an arbitrary reference point

Target indication from a reference point is used when the area
which is embraced by the combat operations is not great (it is sufficien’ to
hove three or four reference points) and great accuracy is not required (one
can be limited to determining coordinates by eye). In the area of operations
one or several reference points are selected, they are given conventional
names, and they are written on the map. Then, mutually perpendicular lines
(coordinate axes) parallel to the lines of the kilometer grid are drawn
through each reference point.

In indicating a target by this method, we first name the necarest reference
point and then the coordinates of the target which are determined from the
perpendicular lines drewn through the named reference point.

Example (fig. 65). "Sokol, south 200, west 500, antitank g.n."

in this case, the fork of the field reoads is arbitrarily named "Sokol.™

3. Target Indicotion from an Aerial Photo (Aerial Mosaic)

Cn an aerial photo {mosaic) targets arc indicated by the methods which
have been adopted for target indication from a map. In target indication

by the methods of squares and rectangular coordinates, a coordinate grid i:
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Figure 65. Target indication from an arbitrary reference
point.

first placed on the aerial photo (mosaic) and the coordinates are read using

a ruler as indicated on page 121.
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Chapter VIT 3

Orientation on the Ground

1. Determining the Points of the Compass on the Ground

a) Determining the points of the compass from the sun
The approximate (visual) determination of the points of the compass
from the sun is performed on the basis of the fact that in the northern
hemisphere the sun is locaied approximately (statute time, see p. 11):
at Q700 hours - in the east;
at 1300 hours - in the south;
at 1900 hours - in the west;
at 0100 hours - in the north.

The average movement of the sun in one hour equals 15°. The difference
iu time at the given moment and at 1300 hours (noon) multiplied by 15 will
provide the angle at which the sun diverges at a givea roment from a
direction to the south,

Determination of the compass points from the sun using a watch is
accomplished in the following manner. Holding the watch in a horizontal posi-
tion, we turn it in such a way that the hour hand points i!s tip in the direction
of the sun. A straight line which divides the angle between the hour hand
and a line of direction from the center of the watch to the number "1" on
the dial indicates the direction to the south (fig. 66).

To increase accuracy in determining the compass points by this wethod

in southern regions, several variations of the method may be used (fig. 67).

Figure 66. Determining the points
of the compass using a watch (first
method) .

Figure 67. Determining the points
of the compass using a watch (second et
method). NN

\ u
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a = to the sun,
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We give the watch an inclined .position instead of a horizontal position
(for latitude of 40-50° - at an angle of h0-50° to the horizontal); in this,
we hold the watch with the number "1" awny from ourselves;

finding the middle of the arc on the dial between the hour hand and
the number "1", we place a match here as shown in the figure, i.e.,
perpendicular to the dialj

wfthout changing the position of the watch, we turn together with it
relative to the sun insuch a way that the shadow from the match passes through
the center of the dial.

At this moment, the number "1" will be in the direction of south.

o .
. _'l-\,',-_. ‘,.:t‘,' N ".;" ol .q.\:':
R K AN LR

Iigure 68. Determining the points of the compass from the movement
of the top of a shadow.

a - first position of the sun; b - second position of the
sun.

One can determine approximately the direction of the compass points
from the movement of the top of a shadow., For this, we place a pole on a
flat area and mark the end of its shadow (with a stake, stone). After
10-20 minutes, we mark a sccond position of the top of the shadow. A
direct line from the first mark to the sccond indicates approximately the
west-=cast line of direction and a perpendicular to it, north=south (fiu: 68).
The convenience of this method consists of the fact that it may hé used

when the time is unknown.
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b) Determinihg the compass points from the North Star

As a~practica1 matter, for simple determinations 1t is accepted

that the North Star is located on a line of direction to the north {deviation -

about 1°), The location of the North Star is determined from the Big Dipper
constallation: mentally, we extend a straight line which passes through the
two extreme stars of the "scoop" (Alpha and Beta) and we lay off on it the
distnnpe equal to a fivefold visual distance between these two stars. Here,
we find the North Star which is identified by its brightness; it is brighter
than all the stars surrounding it, and approximately cqual in brightness to
the stars of the Little Dipper constellation. In addition, the North Star
is the last star in the "handle of the dipper" of the Little Dipper con-
stellation (fig. 69).
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Figure 69. Finding the North Star,

c¢) Determining the points of the compass from signs of local
objects

Signs which are caused by the location of objects with respect to

the sun are:

the bark on the majority of trees is rougher on the northern side, and
thicker, more elastic (with birches - lighter), on the southem side;

on pines, a secondary {brown, crackling) bark on the northermn side
rises higher along the trunk;

on the northern side, trees, stones, and wooden, tile, and slate roofs
are covered earlier and more abundantly with lichons and fungi;

on coniferous species of trees, the pitch usually accumulates abundantly

on the southern side:
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anthills are located on the southern side of trees, stumps, and bushes;
i:, moreover, the southern slopes of the anthills are gently sloping while the
northern slopes are steep;

the spring grass cover is more developed on the northern edges of fields

vhich are warmed by the sun's rays; during the hot period of the summer, the
southern edges of fields are darker;
apples and fruits acquire a ripe color (become red, yellow) earlier

on the southern side;

the s50il near large rocks, structures, trees, and bushes is drier
on the southern side in the summer, this can be determined by touch;

snow melts more rapidly on southemn slopes; as a result of melting,

ﬁ notches, "spines," are formed on the snow which are directed to the south;
in mountains, oak grows most often on southern slopes.
. Other signs:

the altars of orthodox churches, chapels, and Lutheran churches face
the cast, while the main entrances are located on the west;

.? the altars of Catholic churches (Polish Roman Catholic churches) face
‘ the west;

= ~ the raised end oif the lower cross beam of churches faces the north;
i heathen temples (heathen meeting houses with idols) face their fronts
to the south;

openings in large forest tracts, as a rule, are oriented north to south
’E' and east to west; the numbering of the squeres of forest tracts in the
B USSR goes from west to east and then to the south.

It is necessary to take several signs rather than just one into considera-
tion in orientation, because influenced by various causes there are actually
many deviations from the rules which have been cnumerated.

d) Determining the points of the compass using a map

It is necessary to orient a map from terrain lines or reference
points for the accomplishment of missions; then we note a reference point
along the eastern or western margin of the map in a northern direction. The

direction to the reference point will be the direction to the north.

2, Determining Magnetic Azimuths of Lines of Direction on the Ground

a) Determining the azimuth of lines of direction using the
Adrianov system compass

Procedure for operations:
stand facing the given dircction;
holding the compass in the left hand in a horizontal position in front
of one's self and at a heiaht of 10-12 cm below the level of the eye, we

free the brake of the magnetic needle with the right hand;
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by turning the compass, we bring the zero mark of the graduated circle
under the northern end of the magnetic neecdle;

holding the compass in the oriented direction, by turning the rotating
1id we direct the line of sight (the line which passes through the slot and
sight) in the given direction with the sight in the direction of the reference
point (away from one's self). The matching of the line of sight of the com-
pass with the line of direction to the reference point is achieved by the
repeated transfer of the sighting from the line of sight to the reference
point and back; it is not recommended that the compass be raised to eye level
for this purposec, since in this the orientation of the compass is disrupted
and the accuracy in determining azimuth is not increased but, on the contrary,
is sharply lowered;

press on the magnetic needle by means of the brake and take the reading
of the angle opposite the sharp point of the reading indicator at the sight.
This will also be the magnetic line of direction.

b) Determining the azimuth of a line of direction using an AK
(artillery compass) system

Operating procedure:

place the mirror 1id of the compass at an angle of 45° to the plane of
the graduated circle;

face the direction of the given reference point;

take the compass by the fingers of both hands by the housing from below
and raise it in front on bent hands to the level of the eye;

direct the compass with the line of sight passing through the center of
the compass and the slot in the base of the mirrored lid in the direction of
the given reference point;

by turning, match the zero‘mark on the graduated circle with the
northern erl of the necedle, checking from the reflection in the mirror of the
1id;

read the angle on the graduated circle opposite the line of sight
at the base of the mirrored lid; this will also be the magnetic azimuth of the

line of direction to the given reference point.

3. Finding a Line of Direction on the Ground from a Given Azimuth

The procedure for operating with a compass of the Adrianov system is:

place the reading indicator on the graduated circle at the sight at
the given reading for the angle (magnetic azimuth);

releasing the compass needle and roughly bringing the zero reading of
the graduated circle bencath its northern end, determine approximately the
given line of direction on the ground and turn facing it;

holding the compass in the left hand in front of one's self at a height

of 10=12 cm below eye level, orient the compass (bring the zer» reading of
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the bearing circle precisely under the northern end of the needle);

note on the terrain a distant reference point in the direction of the line
of sight of the compass. The line of direction to the reference point will
also be the desired line of direction.

The procedure for operat’ng with an AK compass system:

place “he mirrored 1id of the compass at an angle of 45° to the plane
of the graduated ciscle;

by turning the graduated circle, place the given reading (magnetic
azimuth) opposite tne object end of the line of sight (the line with the arrow
at the slot of the mirrored 1id);

holding the compass in the left hand at eye level and locking in the
mirror, turn until the northern end of the magnetic needle approaches the
zero reading on the graduated circle;

mark a distant reference point in the direction of the line of sight.

The line of direction to the reference point will also be the desired

line of direction on the ground,

Lk, Orienting Maps

a) Orienting maps from the terrain

Orientation of maps from the terrain is possible when the location
of the individual is known even approximately and individual reference points
are identified. In this case, the map is turned in such a way that the line
of direction station - reference point, mentally drawn on the map (or desig-
nated on the map by a ruler or pencil) coincides with the corresponding line
of di> ection on the ground.

Orientation of the map from the terrain is used primarily in areas with
a sufficient number of reference points and with good visibility conditions,
as well as when moving along a road.

b) Orienting a map from a compass

Orienting a map from a compass is used primarily on terrain which
has few reference points (in a forest, in desert~steppe arecas, etc.) and with
poor visibility conditions (at night, in fog, etc.) and is performed in the
following ma:aner. On the ground, a line of direction to the north is deter-
mined using a compass {or some other method) and then the map is turned so
that one of the side margins (the line of direction of the true meridian)
is directed towards the north.

The map is oriented more accurately using a compass and the following
procedure. A compass with the magnetic needle freed is placed with its center
on one of the vertical lines of che map in such a way that the 0° and 180°
marks of the graduated circle of the compass (or the straight edge of the AK

compass) coincides with this line; then the map is turned until the northern
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end of the magnetic needle does not deviate from the zero line by the amount

of the direction correction indicated on the map.

5. Determining One's Location on a Map

One's location on a map can be determined by various methods. In
selecting the method, consideration is given to the conditions of the
situation (including conditions for working with a map and the preseiice of
instruments), the required accuracy, and visibility conditions.

a) Determining one's position on a map from nearest reference
points (visually)

The method is empleyed primarily on regular average broken terrain
during daylight with the disposition of one's location on terrain points
designated on a map or in the immediate proximity of reference points (local
objects or elements of relief).

The operating procedure is as follows:

to orient the map;

to recognize on the map two or three of the closest local objects (or
elements of relief);

from the visually determined distance and lines of direction to
identified reference points, to mark one's location on the map.

The accuracy in determining one's location on the map by this method
depends primarily on the distance to the reference points; the greater these
distances, the less dependable is une's location determined. With the loca-
tion from the reference points at a distance of up to 500 meters, one's
location is determined with sufficient accuracy on a 1:100,000 map with an
average error on the srder of 150 meters.

b) Determining one's location on a map by measuring distances

The method is primarily employed in moving along a road or along a
linear terrain point and primarily on closed terrain or under poor conditions
of visibility,

The essence of the method: the distance is measured (by speedometer,
pacing) from any reference point located at the road or linear terrain point
to own location which is being determined; then this distance is laid off
on the map along the road (linear terrain point) in the corresponding
direction.

The accuracy of determining own location by the given methods depends
primarily on the size <I the error in measuring the distance on the ground
and in laying it off on the map.

c¢) Determining one's position on a map from distance and direction

This method is employed primarily on open terrain which has few
reference points when only one reference point shown on a map is identified.

Operating procedure:
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measured are the.ldistance {by pacing, chord, binoculars, visually,
rangefinder, etc.) from own location to the reference point and the azimuth
of the magnetic line of direction from own location to the reference point;

the azimuth is converted to a back azimuth and then to a grid azimuth
(see p. 109);

on the map, a line of direction is drawn from the initial reference
point by means of a proutractor or chord rule along the grid azimuth on wgich
the measured (determined) distance is laid off; the point which is obtained
will also be the desired location.

d) Determination of one's location by intersection (from one
reference point)

When this method is used, it is possible to determine one's location
vhen located on a road or other linear terrain point and with the visibility
of at least one reference point located in such a way that the angle of inter-
section is at least 20°.

Essence of the method:

the map is oriented and on it a reference point is icdentified which
is visible on the ground from own location;

~ compass is used to measure the azimuth of a line of direction from
own location to the reference point which is converted to a back azimuth and
then to a grid azimuth (the correction is taken from the map);

on the map, the grid azimuth which is obtained is constructed at the
reference point (by protractor, chord rule) and the line of divection is
drawn in ‘the direction of one's location to the intersection with the linear
terrain point; the point of intersection will also be the desired location.
The accuracy of the determination of one's location by this method depends
primarily on the distance to the reference point (the greater this distance,
the greater the error) and the error in measuring the azimuth and constructing
the grid azimuth on the map. With a distance to the reference point of about
1 kilometer and the measurement of the azimuth by the AK compass, the average
error will be on the order of 100 meters (when working with a 1:100,000 map).

Under these conditions, one's location may be determined graphically:

the map is oriented by compass or terrain lines;

a ruler (better a sight rule) is placed against the reference point on
the map and directed by sighting along the ridge to the reference point on
the terrain; with the ruler in this position, a straight line is drawn from
the reference point towards one's self to the intersection with the linear
terrain point. fThe point of intersection will also be the desired locatiun.

e} Determining one's location by resection

This method is used primarily on open terrain with a small number
of reference points but when at least two (better three) reference points

can be seen in the distance which are designated on the map and, with observa-

tion from own location, are locoted at an angle within Jimits of 20-170°.
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Own location is determined by resection in the following manner:
a compass is used to measure the magnetic azimuths to the reference points
and the azimuths are converted to back azimuths and then to grid azimuths
(with consideration of the correction shown on the map). Then the correspond-
ing grid azimuths are constructed at the reference points and the lines of
direction which are obtained are drawn in the dorection of own location; the
point of intersection of these lines of direction will be the desired point.
A line of direction from a third reference point serves as a check. When
a triangle of error is formed, the location is designated in the center of
it.

With distance to the reference points of about S km, the error in
determining own location may be as high as 600 meters.

The operational procedure using a graphical wethod is as follows:
the wap is oriented; having placed the ruler against one of the selected
reference points on the map and directed il to the same reference point on
the ground, we¢ draw a line of direction toward own position, the same actions
are repeated from the second and third reference pcints. The intersection

of the lines will also be the desired point on the map (fig. 70).
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Figure 70. Determining own location by resection.

a - own location,

f) Determining own location on a map using transparent paper
(the Bolotov method)

The solution of the problem requires the presence of at least three
reference points which are on the map and which can be observed on the ground
from own location. Bolotov's method assures the solution of the problen
even 1n the case where preliminary orientation of the map is impossible,

Operating procedure is as follows:
on a sheet of transparent paper which is placed horizontally on a solid
base, from one point marked arbitrarily but with consideration of available

reference pointg, by direct sighting (sece p. 9), draw lines of direction to
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the reference points which have been selected on the ground;

place the transparent paper on the map in such a way that all three
drawn lines of direction pass through the corresponding reference points
on the map;

transfer (prick) the central and initially marked point onto the map;

this will also be the desired position.

6. Movement by Azimuths

a) Preparation of data fo: movement by azimuths from a map

Movement by azimuths is a method for keeping direction of a path
(route) using a compass or directional gyro (see p. 16); it is primarily used
with poor visibility (at night, in fog, etc.) and on terrain devoid of re-
ference points (in a forest, in the desert, etc.). With the presence of
phenomena of magnetic anomalies, orientation using a magnetic compass is
excluded.

Movement by azimuths is accomplished from reference point to reference
point, First, prior to the start of movement, the necessary data are pre-
pared - azimuths and distances:

on the map, a route {(path of movement) is planned with reference points
at the turns;

the grid azimuth and length of each section (leg) of the route are
measured on the map;

the grid azimuths are converted into magnetic azimuths with considera-
tion of the corrections indicated on the map;

data for movement are recorded in a table (Table 40) or are

recorded directly on the map or a specially prepared diagram (fig. 71).

Table 40

Table of data for movement by azimuths

Number and name of « Grid azi- Direction Magnetic Distances
reference point muths, ° correction, azimuths,

degrees degrees degrees in meters
1 - lene courtyard 23 +8 15 1557 1038

2 - place where roud enters
voods 138 +8 330 645 430

3 - intersection of road
and clearing 4 +8 356 1020 680

4 - pit at clearing
forester's house 102 +8 9 705 470

£ %1
]
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Figure 71. Sketch of route 256 [e8) e &

fer wovement by azimuths.

a - forester's house; b - 470 two
paces; (80 two paces; d -~ Lake
Krugloye; e ~ 430 two paces;

f - 1038 two paces.

b) Movement by azimuths

At cach turning point, beginning with the initial point, the line
of direction of movement on the ground is found from the given azimuth with
the use of a compass. It is desirable to gelect and remember the largest
possible number of distant reference points on the line of direction of move-
ment. In movement, a record of distances is maintained (meters, two paces,
time).

In the case where no reference point 1s found on covering the assigned
distance, a sign is placed at the point of arrival or a soldier is left and the
reference point is looked for, covering the area around the point with a
radius of about 0.1 of the path covered from the preceding reference point.

Additional reference points are used to maintain direction in movement:
stars, wind direction, the line of direction of a column, and other auxiliary
signs.

¢) Bypassing obstacles

Obstacles may be bypassed by one of the following methods, depending
on conditions. The first method which is used with the availability of visi-
bility across obstacles is:

note a refer-ace point along the direction of movement on the opposite
side of the obstacle;

bypass the obstacle and continue movement from the noted reference
point; estimate the width of the obstacle by eye, and add it to the distance
which has been covered.

The second method which is used in the abserce of visibility across an
obstacle consists of accomplishing the bypass over straight lines of

direction, the azimuth and length of which are stiictly recorded for coming
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out on the assigned dircction. The example of bypassing a mine field with this

method is shown in Figure 72,

Figure 7%, Uypassing an obstaclo.

a = 186 two paces; b = 280 iwo pacesy ¢ = 2G4 two pacesy d -~ 280
two paces: o - 170 two paces; f - 560 two paces; g - mine field.

7. Orientation from a Map (at the Halt)

Orientation by map’ is the basic method of arientation on untamfliar
terrain. 1t is accomplished in the following fundamental secquence!

the map is oriented; '

reforence points are identified (local objects and elements of relief)
which are common to the map and the terraing

ownn location is determined;

the map is compared with the terrain,

Orientation of the map is performed by compass or by a linonréohjcct
(road, terrain point, ected).

The ifdentification of reference points is the most important stage in
orientation hy map since only by discovering on the map the images of local
objocts or clements of retief which are observed on the ground is it possible
to determine one's location.

In examining the terrain, we first note terrain objects which are the
taraest and which arve best distinguished, as well as those which are cncountered
comparatively rarely in the given areay in this, attention is paid to their
mutual position and the disposition relative to the points of the compass.
For examp'e, a lake is located west of own location, a highway passes east
ot the lake from north to south, ote. Using these signs, we find the noted
tereraln objects on the map and the correctness of their ldentification ia
checked from the surrounding loeal ohjects and the relief,

11 we have not succeoded in identifying reference points, it is

imposxible to accomplish orientation from a map at the given place and, if
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the situation permits, we should change the location -in such a way that visi-
bility of other reference points is opened up, after which we attempt to
identify thesc reference points on the map. With the discovery of the
corresponding reference points on the ground and on the map, one's location
is determined by one of the methods presented in Section 5 of this chapter.

The concluding stage of orientation is clurifying the surrounding
situationj it is performed by the method of the successive comparison (juxta-
position) of the map with the terrain.

In order to find on the map the image of an object which is observed on
the ground, then without destroying the orientation of the map one should
stond facing the object being determined, place a ruler against own location,
and direct it toward the required objectt then, examining the map along ihe
edge of the ruler and in conformance with the distunce to the object which
is estimated by eve, we find the desired conventional sign.

In order to determine on the ground an object which is shown on the
map moro eanily, we place the ruler againat the line from one's location to
the object and, in the direction of the rule with conaiderntion of‘}he

distance, we {ind the desired object.

8. Orientotion from a Map While in Movement on a Vechicle

Orientation while moving on a vohicle which is not equipped with naviga-
tionnl equipment is performed in the foliowing manner.

The route is highlighted ahead of time, before the start of movement,
on a 1:100,000 map (1:50,000, 1:200,000). Check reference points are
marked (at a distanco on the order of 5-10 minutes of movement from each
other), the distancos to them are detormined, and thoy are marked on the
map with increasing totals at the corresponding reference pointst on sectors
of the route where it is particularly difficult to adhere to the required
direction (on moving out of a populated place, in a forest, in a desert,
otc.), tho azimuths of the direction of movement are determined and written
down,

At the start point (and subsequently, at each check reference point)
the sector of the route to the first check reference point (and subsequently
to the next check reference point) is glanced at quickly on the map; during
movement, the map is kept orientod, observed torrain objects are identified
on the map, and trom them we montally record our advance along the route.

In doubtful cases (when the map does not complet.'v correapond to
the terrain) the location is elaborated (chucked) from the distance which
has becn covered and which is read from the speedometer (for which the ini-

tinl reading on the specdometor is recorded at the start point).
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If doubt has arisen corncerning the direction for further movement, it
is elaborated (checked) by compass.

On departing from the route and losing crientation (which is possible
with careless orientdtion, as well as with sudden changes in the terrain) it
is necessary to note on the map the approximate (probable) location from the
distance which has been covered from a reliably identified reference point (it
is read from the speedometer) and the direction of movement (it is determined
approximately by compsss with consideration in turns of the route). Then,
we should attntively study the surrounding local objects (parti-ularly
their position with respect to the relief), identify them on the map, and
elaborate one's location, after which we plan our emergence on the route.

It is preferable to veturn along the track of our vehicle to the last
well-identified reference point if we did not suceed in restoring orientation,
and continue movement along the route from here. In some cases (in an area
of many linear reference points and a situation not fraught with danger),
movement may be continued in the former direction until emerging at a linear
refercnce point and here we can elaborate our location and then plan to
come our on our route of march.

Special features in orienting at night. Orientation at night ic
usually hindered somewhat because of poor visibility of reference points ar 1
the inconvenience of working with a map.

In moving at niqght, where possible, the route should be planned along
roads or along i1inear reference points which are <asily visible at night
(alon, electrical transmission lines, railroads, etc.).

For orientation at night, one should:

select reference points with consideration of their best visibility in
the illumination whicn will be employed on the march or without illumination;
large, light paint, projected aguinst the sky or on the surface of the
water, fulling in a ray of light from a headlight;

select reference points in such a way that the distances between them are
shorter than those allowed during the day where possible;

highlight the route on the map with a thick line of a bright color
(yellow and orange, poorly visible during artificial illumination, are not
used to highlight the route);

memorize the route of movement so firmly as to be able to reproduce it
graphically from memor:;

where possible, be located in a dark room or in a room iiluminated with
red light for 30 minutes before the start of a march at night, which
provides for the eyes to adapt to darkness;

when using a map en route, to preserve darkness adaptation use a red

light (1l.a~hlight with o« red light tilter);
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check the correctness of direction of movement more often by compass and
stars.
We orient primarily by compass or by using navigational equipment, when

moving cruss country at night.

9. Special Features of Orientation Under Various Terrain Conditions

a) Special features of orientation in a forest

The basic means for orientation with respect to the points of the
compass and maintaining direction of movement in a forest off roads is the
compass. Auxiliary method- of orientation may be: orientation from siygns of
local objects and from stars.

The following ure used in a forest as reference points:

clearings, roads, and their intersections (forks);

rivers and streams (the direction of their low, characteristic bends
and crossings are considered);

clearly expressed relief forms (precipices, steep slopes, summits,
mounds, pits);

forest glades, cuttings, boundaries of sectors of sparse woods, brush,
slash fires;

swampy sectors and others.

In moving in a forest by azimuths, it should be considered that a large
error in measuring distances is possible. The thicker the forest and the more
difficult it is to negotiate (windfall, thick undergrowth, and othcu: ob-
stacles) the greater the error will be. In a forest whih is difficult to
negotiate,the error may reach a value equal to 50% of the vath which has been
covered. In this case, it is expedicnt to determine the distance from
time, based on a previously determined average speed of movement.

b) Special features of orientation in desert-: :ppe terrain
The basic method for adhering to direction when moving off roads
is movement by azimuths,

The basic referenc» points are prominent clevations and rare local
objects including canals, wells, and structures connected with 1eligious
cults.

The following local signs may be used for adhering to direction:

wind directiong

tho direction of grooves in clays and limestone (in the direction of pre-
vailing winds);

the direction of dunes, barkhans, and ripples in the sance (perpendicular
to the direction of the winds);

the steepness of the slopos of dunes and barkhans tupwind - up to 15°,

downwind - up to 40°);
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ty » accumulation of snow in depressions and behind obstacles from the
downwir side;
snow caps on the downwind side of snow banks;
the direction of snow waves and ripples (perpendicular to wind directions).
For the purpose of using extremely distant reference points, it is expedient
to have a map for a large area.
c) Special features of orientation in large populated places
For orientation, it is necessary to use large-scale maps (1:25,000
or greater), plans and aerial photographs. It should be taken into considera-
tion that on maps of a scale of 1:50,000 or smaller, the blocks are generalized,
and only the main streets and thoroughfares are plotted to the extent permitted
by the scale.
The following mav serve as the main reference points in cities:
main (highway) : -eets, squares*
prominent industrial enterprises, tuwers, high buildings;
railroads, rivers, canals, and bridges (viaducts). A traffic control
servicc must be organized for the pasrage of columns through large cities.
. d) Special features of orientation in mountains
Orientation in mountains is most convenient by examining the
terrain from commanding heights which assure the best view. The following are
most generally used as reference points:
roads, residences, and geodetic and astronomical markers;
rivers, streams, and, in particular, the locations of their confluence;
preminent summits of mountains, bluffs, and cliffs;
canyons, steep slopes (rocky or with talus slopes);
the outliles of forests, meadows, and glaciers. The overall direction
of movement ig adhered to by compas:, In addition to this, the most important
sign for orientation is the profile of the route - upgrades, downgrades and
their steepness, turns in the road, their position relative to the slopes
(for example, a downgrade to the left, an upgrade to the right, and distances
between turns).
It is also useful to know the following specific signs:
in many areas, the sovthern slopes of mountains ar~ more gently sloping
and the northern slopes are steeper;
trecs of deciduous species (first of all, oak) grow primarily on
southern slepes and coniferous trees on northern slopes;
qras< co* r predominates on southern slopes and woody vegetation on
northern =lopoes;
the sone ot snows on northern slopes drops lower than on southein slopes;

vinevards<, ac a rule, arce laid out on southern slopes,
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With visual estimation of distances, it should be remembered that because
of the great transparency of the air, ‘sudden bends, and large forms of relief
in mountai s, distances to objects appear considerably smaller than they

actually are.
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Chapter VIII

The Use of Navigational Equipment in Orientation

1. Orientation Using a Directional Gyro

a) Tuming the directicnal gyro on and off

A directional gyro (fig. 73) installed in ground vechicles pemmits
holding to the required direction for 1.5 hours with an error no greater than
2° (with careful balancing, the instruments can be used continuously for up
to 5 hours without reorientation).

The course of the vehicle (direction of movement) is estimated from
the mutual position of the scale (the scale xs fastened to the axis of the
Cardan joint of the gyroscope and is divided into 360° or 6000 mils) and the
index which is rigidly connected with the instrument housing; therefore,
when the vehicle is thnrned, the reading on the scale is changed by the angle
of turn of the vehicle.

The directional gyro is turned on only in a stationary vehicle in the
following sequence:

a check is made te sece whether the instrument is arrested; handle 6
of the arresting device should be in the position "away from one's self";

the voltage in the on-board net is checked; it should be at least
24 volts;

the power supply switch of the directional gyro is placed in position
"turned on"; the required angle (course) is placed on scale 2 by a smooth
turning of handle 6;

the instrument is released, for which handle 6 of the arresting device
should be drawn toward one's self up to the click.

It is permitted to begin movement of the vehicle n» earlier than
5 minutes after the power supply of the directional gyro has been turned on.
Before starting to move, we check to see whether the instrument has been
freed, since movement with an instrument which has been turned on and arrested

may cause it to break.

Figure 73. Directional gyro,

1 - plate; 2 - scale; 3 - index; 4 -
plug; 5 - turn screw; 6 - handle of
arrester; 7 - plug-type connecter.
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Turning off the directional gyro: the instrument is arrested (hLandle 6
is placed in the position "away from one's self") and the instrument's power
supply switch is placed in the "off" position.

b) Initial (first) orientation of the vehicle

The initial orientation of the vehicle consists of determining the
course (grid azimuth or magnetic azimuth) of the longitudinal axis of the
vehicle and is performed by one of the following methods.

The first method is used when it is necessary to accomplish movement along
one indicated (selected) direction.

The machine is placed at the start point in such a way that the cross
hairs (central mark) of the sighting device is directed at a reference point
selected along the course of movement. In this, the turret should be located
in the 0-00 (or 30-00) position.

After orientation of the vehicle, the directional gyro is turned on
and the value of 0° is placed on the scale of the directional gyro.

The second method for the initial ori:nting of the vehicle is empleyed
when the directional gyro is used to drive the vehicle in any direction and
the grid azimuth of the longitudinal axis of the vehicle can be determined
from & map. The operating procedure in this case will be the following:

the vehicle is placed on a terrain point (shown on the map) from which
some distant reference point is visible;

on the map, the grid azimuth o of the line of direction from the terrain
point (vehicle) to the referince point is measured with a protractor (chord
rule);

the central point of the sighting device of the vehicle is aimed at the

distant reference point ond the sighting angle ¢ is read (if, with the

position of the sighting device ahead, the centriigzzrk stands at the 30-00
mark, the sighting angle equals the rcading to the reference point minus
30-00);

the grid azimuth of the longitudinal axis of the vehicle o is calculated
from the formula

% = %r T Ygight®

The third method for the initial orientation of the vehicle is employed
vwhen the directional gyro is to be used for driving the vehicle in any
direction but the grid azimuth of the longitudinal axis of the vehicle cannot
be determined from a map as in the second method (there are no reference
points or reference points cannot be seen). In this case, we deotermine the
magnetic azimuth of the longitudinal axis of the vehicle Am by the tollowing
procedure: we step approximately 50 meters away from the vehicle and, with
a compass (or aiming circle) we determine the magnetic azimuth A veh to the

center of the turret (or to the sighting device) and then or similtancously
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the sighting device of the vechicle is aimed at the compass (at the place from
which the azimuth was mecasured) and the sighting angle asight is read.

The magnetic azimuth of the longitudinal axis of the vehicle is calculated
from the formula

= A + 30-00 - ¢

m veh sight”®

The grid azimuth of the longitudinal axis of the vehicle (or the magnetic
azimuth) are placed on the scale of the directional gyro, after which the
instrument is released and movement may be begun,

¢} Driving the vehicle by directional gyro
Driving the vehicle by directional gyro is accomplished in the same
manner as movement by azimuths (sce Section 6, Chapter VII).

First, on a map we plan the route and prepare necessary data: grid
azimuths and distances or magnetic azimuths and distances (with the third
method for initial orientation of the vehicle); the data which arc obtained
are recorded in a table or reccrded on the map (sec Section 6, Chapter V1I).

With a considerable length of the route (time of movement more than
1.5 hours) terrain poinis and reference points should be noted for every
1~1.5 hours for repeated orientation of the directional gyro and te prepare
necessary data.

Procedure for movement: having completed initial orientation, the vehicle
with the directional gyro turned on is driven over to the start point of the
route, it is turned in the required direction (the reading which corresponds
to the value of the grid nzimuth‘of the first leg of the route is placed on
the scale of the directional gyro opposite the index) and we begin movement.
During movement, by turns of the vehicle, we hold the corresponding angle
under the index and, covering the required distance (the distance is estimated
from the speedometer indicator), we turn the vehicle in the direction of the
second legq of tho route and continue movement further in a similar manner.

1f approximately 1.5 hours have already passed since the start of the
turning on of the directional gyro, it is necessary to check the orientation
nf the directional gyro by the method for initial erientation, after which

we can continue movement along the route.

2, Orientation with the Use of Navigational Equipment Without a

Plotter

a) Basic elements of the eqrivaent
A navigational apparatus without a plotter is intended for deter-
mining the location of moving vehicles under conditions of difficult orienta-

tion and driving the vehicle over an assigned courze.
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The instruments of the apparatus assure the < "ntinuocus development of
rectangular coordinates of the position of the moving vehicle and indication
of the course of movement; the average error of the development of coordinates
is no more than 1.3% of the rcute which has been covered, the time for pre-
paration for operation is 10-15 minutes, and the time of continuous operation
(without reorientation) is up to 3.5 hours.

The kit for the navigational apparatus includes the following instruments:
course data unit, control panel, route data unit, coordinator, two course
indicators, and a converter,

The course data unit serves to develop the grid azimuth and represents
a directional gyro in which a free gyroscope serves as the sensitive element.
The course data unit is equipped with various devices. Drift of the main
axis of the gyroscope of the course data unit in 30 minutes is no more than
120 mils.

The coursc data unit serves for continuous synchronous transmission of

the length of the route covered by the vehicle ito the coordinator. The course

data unit is connected to the running gear of the vechicle by a flexible shaft.
3
4 5

Figure 74. Control panel,

1 - 1.indle of the potentiometer for latitudinal balancing; 2 -
scale of the potentiometer for latitudinal balancing; 3 = nut;

4 - scale of the correction potentiometer; 5 and 6 - Yconverter®
and "system" switches; 7 - handle of correction potentiometer;

8 - clip; 9 - lid.

The control panel {fig. 74) is intended for turning on the navigational
apparatus and conducting latitudinal balancing of the gyro compass.

There are two switches, "converter" and "system” (sce 5 and G on fig. 7h)
on the control panel for turnong on the converte' and cennecting the system.
In addition, » polentiometer for Jatitudinal balancing fon the scale 2 of
the potentiometer the geoaraphic latitude of the terrain is set) and a
correction potentiometer (intended for making more precise the balancing of
the gyroscope in Lhe process of operation) are also located on the control

panel.
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The coordinator (fig. 75) is intended for the continuous automatic
development of coordinates of the vehicle's position and to indicate the

grid azimuth of the longitudinal axis of the vehicle.

Figure 75. Coordinator.

6 - handle for the switch to set the coordinates; 7 - 1lid

Tor knobs; 8 - knobs; 9 - holder for illumination bulb; 10 -
catch; 11 - plate; 12 - 1id; 13 - spare holders for illuwination
bulbs; 14 - spring clamp; 15 ~ shock absorber; 16 - plug-type
connector; 17 - M"set course" knob; 18 - “correct course' knob.

L.cated on the front panel of the coordinator (fig. 76) are scales 1
and 2 for the reading of coordinates X and Y, scales 3 and 4 “course"
(reading of grid azimuth) and scale 5 "course correction,"

The setting of the initial coordinates is performed by knobs 8 (sce
fig. i5) with the corresponding position uf knob 6 of the switch for setting
coor<irates. The knobs are covered by a lid, 7, which is fastened by a catch,
14, Illumination of the scales is provided by Lulbs which are located in
plastic holders 9. A plate, 11, serves for recording the course and .co-
ordinates of the vehicle with a pencil. lLocated on the front wall of the
instrument are a knob 18 for setting course corrections, and knob 17 for
setting the initial grid azimuth, Placed baneath the 1id 12 is a regulating
potentiometer for the amplifier. On the right side wall are spare holders
13 for the illumination bulbs, clamp 14 for a pencil and eraser, plug-type
connector 16, and shock absorber 15 for installing the instrument in a
vehicle,

The coordinator contains a cemputer (it serves to calculate the co-
ordinate increments) with receivers for the synchronous transmission of

angle and route and a scale wechanism,
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Figure 76. <Coordinator (front panel).

1 and 2 - X and Y coordinate scales; 3 and & - "course"
scales; 5 ~ "course correction" scale.

The scale mechanism for the coordinates (fig. 77) represents a drum-type
counter which permits reading the coordinates which are expressed by
five-unit figures. The capacity of the counter is 99,999 meters. The value
of one revolution of the drum 1 comprises 100 meters. Numbering is performed
every 10 meters; in the gaps between the numbers, the drum is divided into
four divisions { the value of a division is 2.5 meters). The values of the
revolutions of the drums 2, 3, 4, are 1000, 10,000, and 100,000 meters,
respectively. The framing of the X and Y coordinates is performed by the same

knobs with the use of the switching mechanism 6.

Figure 77. Scale mechanism for coordinates.

1, 2, 3, & - scale drums; 5 - knobs; 6 - mechanism for switching
the knobs.
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The scales for reading the grid azimuth are of the iound type with
rotating arrows (sce fig. 76). The value of one turn of the arrow of the
"course! scale, 4, for the coarse reading of the grid azimuth is 6000
(value of a division - 100). The value of a turn of the arrow of the "course"
scale 3 for the precise reading of 100 is divided into 100 divisions (value
of a division is 1 mil).

The scale for setting route corrections, 5 (see fig. 76) is round, and
of the rotating type. On the scale there are 40 divisions with numbering
from -12 to +10%, and the value of a division is 0.5%.

The course indicator (fig. 78) is intended for duplicating the readings
on the scale of the coarse reading of the grid azimuth on the coordinator
and is used in driving the machine along a given coarse. The scale 2 of the
course indicator is divided into 120 divisions (the value of a division is
50 mils). If in the process of movement it is necessary to adhere to a cer-
tain course, the index of the moveable ring, 3, is placed manually opposite
the corresponding division on the scale. In moving along this course,

the arrow 1 of the indicator will be located opposite the index.

Figure 78. Course indicator.

1 - arrow; 2 - scale; 3 - ring with index.

b) Initial orientation of the vehicle
The initial orientation of the vehicle consists of determining
initial data: grid azimuth of the longitudinal axis of the vehicle and
rectangular coordinates.,
Initial data are determined, as a rule, using a topographic map of
a scale of 1:50,000 or 1:100,000 in the following manner. First, an initial
point is selected - a turrain objec: which is depicted exactly on the map and
to which the vehicle may drive (crossroad or road fork, bridge, etc.) or right
up to which one can drive (geodetic point, tower, etc.). Moreover, from the
vehicle which has been placed at the initial point, some reference point
should be visible (plant smokestack, lone tree, etc.) which is located pno
closer than 6 cm from the initial point at man scale.
From the map, the grid azimuth, a0 (see p. 100) of the line from

the initial point to the reference point is measured with a chord rule and,
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with a measurer, the rectangular coordinates of the initial point are read

as accurately as possible {from the transverse scale on the metal ruler).

[+4
init ;\?{or
a4
[ - . 4_6
& Q,,, “sight

Figure 79. Determination of the grid azimuth of the longitudinal
axis of the vehicie.

The vehicles drive up to the initial point in such a way that the
angle measuring device of the vehicle (center of the turret) is located above
the initial point; if it is impossible to drive on to the initial point, the
vehicle is placed as close as possible to the initial point on the line from
the initial point to the reference point (fig. 79).

With the angle measuring device of the vehicle (fig. 80) we 3ight on

the reference point and read the angle « and then we compute the

sight
initial grid azimuth of the vehicle %nit from the formula
nit ~ %or T asight

The initial grid azimuth is determined as accurately as possible,
since the accuracy of orientation in the future depends to a considerable
degree on it,

To check the correctness in determining the initial arid azimuth, it
should be detvrmined, as a rule, from two reference points. The grid azimvths
which are determined from the first and second reference points should not
differ by more than & mils. For the final value, the mean arithmetic value of
the tvo determinations should be taken.

In the case where the grid azimuths differ by more than A& mils, all
measurements and computations should be repeated; if the error is not round,
it is necessary to determine the grid azimuth from a third reference poane.
If, even in tnirs casce the grid azimuths do not agree, tt -~ initial ,oint is
chanaed and all actions are again repeated,

On closed terrain and at night when distant reference points are not
vigsible, the initra: arid azimuth is determined by cimng circle in the

tollowipg minner,
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Figure 80. Angle measuring device.

1 - main scale; 2 - reading scale; 3 - optical sight.

The aiming circle is set up (fig. 81) at a distance of at least 50 meters
from the vehicle and oriented by the magnetic needle; the tube of the aiming
circle is laid on the optical sight of the angle measuring device of the
vehicle and the azimuth of th. magnetic line of direction from the aiming
circle to the vechicle is read from the aiming circle scale while the angle

to the aiming circle is measured with the angle measuring device of the vehicle.

4
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Figure 81. Determining the grid azimuth of the longitudinal
axis of the vehicle using an aiming circle.

The initial grid azimuth is calculated from the formula

. s - " =00 - .
Yinit Avoh LRI Fejght?

where
A\*h is the azimuth of the magnetic line of direction trom the aiming
At
circle to the vehicle;

Nuovwr i
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nn is the correction for direction (taken from a map);
asig?t is the angle between the line of direction of the longitudinal
axis of the vehicle and the line of directien to the aiming circle.

¢) Preparation of the navigational instrument for operation
The navigational instrument may be turned on only when the
vehicle is stationary, and in the following sequence:

1. The voltage of the on-board net is checked (it should be at feast
2k solts).

2. The power supply for the converiar is turned on by the "converter"
switch on the control panel (in this, the converter is started up and the
bulb for illuminating the coordinator burns).

3. After 10-12 minutes from the moment that the converter is turned on,
the "gystem" switch is placed in the "on" position (in this, the receiver of
the synchronous transmission of the angle occupies o coordinated position with
the data uni% and the arrow of the "course" scale occupies the corresponding
position).

The input of initial data is performed after the equipment has been
completely turned on in the following order:

beginning (initial) coordinates;

initial grid azimuth;

route correction factor.

In ordes to put in the coordinates, one should:

+uyrn the handle of the coordinate setting switch in the "XY" or "y"
pz tion, depending on which coordinate is being inserted;

press the buttocn until the setting (appearance) of the required number:;
in this, see that the numbers are placed in the middle of the window;

release the handle of the coordinate setiing aswitch and close the lid.

The input of the initial grid azimuth is performzd by the "course"
handle (see fig. 75) and the route correction factor is set with the "route
correction' handle. The route correction setting must be performed only in
a directinon from mirus values to plus values in order to exclude backlash
oY tha kinematic chain.

The routc correction factor is determin d by a preliminary passage over
the route for a length of up to 1000 meters or is established in accordance
with dava obtained from the experience of previously accomplished trips over
similar roads.

After the values for the inidial data and route correction have been

set, movement can begin,
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d) Turning off ‘navigational instruments
The navigational instrument is turned off only when the vehiclé is
stationary and in the- following sequence:

the "system" :switch on the control panel (see fig.. 74) is moved to the
Hoff" position;

the M"converter" switch is placéd in the "off" pogition.

Movement of the vehicle may be.begun after the apparatus has been turned
off only after the gyroscope of the course data unit has come to a-.complete
stop (15-20 minutes are required for the rotor of the gyroscope to stop).

e) Procedure for-orienting in motion

A topographic map is prepared ahead of time, before the start of
movement; the required sheets are pasted.together, the route is highlighted,
and necessary data are prepared (see p. 175)%

In addition, to check the accuracy of the apparatus! operation, co-
ordinates of individual reference points and grid azimuths of lines of direction
of individual straight line road sectorg are dztermined. The operation. of the
apparatus is checked from these data and, in necessary cases, corrections are
appliecd to the apparatus without vepeated crientation (see p. 194).

With a considerable length of the route of march (3.5 hours cf movement
or more), where possible terrain points and referecnce points should be selected
in arras of halts for reorientation of the apparatus and the preparation of
necessary data.

With movement along roads during daytime and with a sufficient con-
fcrmance of the map to the terrain (the correction of the determination of
one's position causes no doubt) orientation is conducted in the normal manner -
by map. In case of doubt in the correctness.of movement (the next reference
point has not been discovered), the x and y coovdinates are read from the
coordinate scule and the location ot the vehicle is found (claborated) on the
map and then the direction for further movement is noted.

In moving off roads, particularly with poor visibility (at night, in
fog, etc.), as well as with actions in areas of mass destruction and other
cases which hinder orientation, i1t is accomplished as a rule with the complete
utilization of all instruments of the navigational apparatus in the following.
order:

the wap is prepared as indicated above and, in addition, along the
entire route grid azimuths and distances necossary for driving the vehicle
by the course indicator are determined and marked down on the mapj

the required course and distance are indicated to the driver and the
latter drives the vehicle with the use of the course indicator and speedometer

after 10-20 minutes of movement, as well as at all points where the
route turng, the pusition of the vehicle is determined on the map from the
coordinates read {rom the coordinate scale and, where necessaiy, the direction

for further movement is defined more precisely.
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) £) Special features in using thetnavigatiqngl apparatas at .a
“ Junction of zones ’

Bl AR o AP
N «

If the routa crosses a junction.of zones.of topographic maps, then
the vehicle is reoriented by the initial orientation method with tke passage

of the vehicle into the adjacent zone, and the new coordinates and course

which correspond to the coordinate system of the given zone are inserted into. )
the navigational -apparatus. b
. In those cases where reorientation of the vehicle in crossing the
junction of the zones is impossible because of the situation, the use of a
navigational appafatus without a plotter has the fbllowipg special features:
in preparing the map for work with the epparatus (see above) an additional
. : coordinate grid (sec p. 105) which corresponds to the cooriinate grid of the !
¢ map nver which the initial orientation ot the vehicle was performed, is drawn
on the map sheets of the adjacent zone; b
in moving along a route which passes over the map sheets of the adjacent H
;} zone, the location of the vehicle and course of movement are determined from é
the additional coordinate grid; 3

reorientation of the veiicle is performed when the situation permits #

by :

(but no later than 3.5 hours after the apparatus has been turned on); after

;
£

:
%3

o

g >
e e e

the reorientation of the vehicle, its location and course of movement are '
determined from the main coordinate grid (which is completely printed on the

map).

&
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3. Orientation with the Use of a Navigatiovnal Apparatus
with a Plotter

a) Basic clements of the apparatus -

o

The instrumentg of the navigational apparatus with a plotter assure

(paimt vl

the continuous generation of coordinates of the vehicle's position, indication
of course of movehment, and the plotting of the route which has been covered
on a mape

The ravigational apparatus equipment kit includes the following basic
instruments: course data unit, route data unit, course plotter; converter,

motor generator.

The course data unit (fig. 82) which is the gyroscopic course pointer
(directional gyro ) is intended for working out the grid azimuth. The drift
of the main axis of the gyroscope of the course data unit should be no more
’ than 220 mils per hour.

The course data unit serves for the continuous syncnronous transmission
of the length of the route covered by the vehicle to the course plotter.

The course plotter (fig. 83) serves for the continuous automatic
generation of the coovdinates of the vewicle's location, indicating the grid
azimuth of the vehicle, and drawing the route of movement on a map. The

course plotter includes a computer, and scale and plotting mechanisms.




Figure 82, Cours. d:ta unit,

1 - outer gyroscope ring; 2 ~ 3ine-cosine rotating transformerj
3 - 1id; 4 and 5 - signal lerps "lock" and "braking'; 6 - course
setting handwheel: 7 - coup.ing device; 8 - rotating contact
devices; 9 - electric motor; :0 and 11 - scales; 12 - lighting
switchj 13 - window; 14 - ho 'sing; 15 - temperature compensator;
16 = mirror; 17 - electric motor; 18 - door; 19 - lock handle;
20 - connecting branch; 21 - segment; 22 - cog; 23 - pin; 24 -
lock; 25 - contacts; 26