FMABA 6. AKCOHOMETPUYECKHUE NMPOEKLUA

6.1. CNOCOBb AKCOHOMETPUYECKOIO NMPOELINPOBAHUA.
KOJ®OULIMEHTbI UCKAXEHUA

KommekcHbIi uepTex sBseTcs rpadUuecKd MPOCTBIM U yIOOHO M3-
MepsieMbIM, OJTHAKO IO HEMY HE BCEr/a JIETKO MPEeJICTaBUTh MPEeAMET B IPO-
ctpadcTBe. HeoOxomum depTex, JalOmMUi U HarjsgHoe npeacraBieHue. OH
MOXKET OBITh MOJYYEH MPU MPOCIIUPOBAHUY MPEIMETA BMECTE C OCSIMU KOOP-
JIMHAT Ha OJHY IUIOCKOCTh. B 3TOM ciydyae 1o oJHOW MPOEKIIUHU MOXKHO IO-
JYyYUTh HATJISTHOE M METPUYECKH OTpeesIeHHOE H300paKeHue.

Takue BUIBI M300pKEHUN HA3BIBAIOT AKCOHOMETPUYECKUMH IPOEK-
LHASIMU.

Croco0 akCOHOMETPHYECKOTO MPOCIUPOBAHUS COCTOUT B TOM, YTO
JaHHas (QuUrypa BMECTE C OCSIMHU MPSIMOYTOJIbHBIX KOOPJIWHAT, K KOTOPHIM
OHa OTHECEHAa B MPOCTPAHCTBE, MPOCHUPYETCS HA HEKOTOPYIO IJIOCKOCTD,
MPUHATYIO 3a IUIOCKOCTh MPOEKIMM (3TY MJIOCKOCTh HA3bIBAIOT TAKXKE Kap-
TUHHOM IIJIOCKOCTBIO).

B 3aBucumocTH OT ynaneHus LEHTpa MPOCLUPOBAHUS OT KapTUHHOU
IJIOCKOCTH aKCOHOMETPUUECKUE TTPOCKIIMU PA3ACIISIIOT Ha:

YeHmpaibHble — LEHTP MPOCIUPOBAHUS HAXOAUTCS HA KOHEYHOM pac-
CTOSTHUM OT KapTUHHOM IJIOCKOCTH;

napanieivHvle — NEHTP MPOCIUPOBAHUS HAXOAHUTCS B OCCKOHEYHOCTH.
B nmampHelimem Mbl OyzeM paccMaTpuBaTh TOJBKO IMapauiebHOE aKCOHO-
METPHUUYECKOE MPOCIUPOBAHHUE.

CroBo «akconomempusty 00Opa30BaHO M3 CIIOB APEBHEIPEUYCCKOTO S3bI-
Ka: «aKcoH» — OChb U «Mempeoy —U3MEpSI0, TO €CTh «U3MEPEHHUE TI0 OCIM.
DTO 03HAYaeT, YTO aKCOHOMETPUUYECKOE H300paKeHHE AaeT BO3MOXKHOCTh
MPOU3BOJIUTh U3MEPEHHE H300pakaeMoro OObEKTa Kak I0 KOOPAWHATHBIM
0CsIM X, Y, Z, TaK ¥ TI0 HAMPABJICHUSIM, UM MapajuIeIbHbIM.

[TocTporM aKCOHOMETPHUYECKYIO MPOEKIUI0 TOYKH A, OTHECEHHOH K
TPEM B3aUMHO TEPIEHIUKYJIIPHBIM IJIOCKOCTAM IpoeKIuii (puc. 6.1).

Bo3bmeM npou3BOJIBHBIN MacIITaOHBIM OTPE30K € (HaTypaibHbI Mac-
Ta0) ¥ OTJIOKUM €ro Ha ocsiX, 0003HAUMB €, €y, €, (6=e,=6ey=¢,).

CapoenupyeM Ha KapTHHHYIO TUIOCKOCTh QQ MapaiiedbHBIMU JTydaMH
TOuKy A BMecCTe ¢ MpoekuusMu a, a', ', KOOPAUHATHBIMH OCSIMU M Mac-
IITAOHBIMH OTPE3KAMHU €y, €y, €;.
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CHAPTER 6. AXONOMETRIC PROJECTIONS

6.1 THE METHOD OF AXONOMETRIC PROJECTION. COEFFICIENT OF
DISTORTION

A complex drawing is rather simple and easily measured, although it is
hard sometimes to imagine an object in space by means of it. It is often ne-
cessary to have in addition to it a drawing of pictorial view, which may be
obtained by projecting an object and its co-ordinate axes onto one plane.
Then one projection will provide a visual and metrically distinguished image
of the object. Such kinds of an object representation are called the axonome-
tric projections.

The method of axonometric projection consists in the following: a given
figure and the axes of rectangular co-ordinates to which the figure is related
In space are projected on a plane referred to as a plane of projections (it also
called a picture plane).

Depending on the distance between the centre of projection and the pic-
ture plane all axonometric projections are classified as: the central projec-
tions - the centre is located at a finite distance from the plane; and the paral-
lel projections - the centre is at infinity.

Only parallel axonometric projections are considered in this chapter.
The word «axonometric» is derived from the Greek words «axon» which
means «axis» and «metro» meaning «l measure», — «the measurement by the
axes». That is, an axo-
nometric representation
provides the opportunity
to measure an object
both by the co-ordinate
axes X, Yy, z and by the
directions parallel to
them. Let us construct
an axonometric projec-
tion of the point A re-
lated to three mutually
perpendicular projection
planes (Fig. 6.1). Fig. 6.1 (Puc. 6.1)

The X, y, z co-ordinate axes are called the natural axes. Take a scaled
line-segment e (natural scale), lay it off on the axes and designate it as ex, ey,
ez (e= ex= ey= ez). Now project (by parallel beams) the point A, the projec-
tions a,a’,a”, the co-ordinate axes and the scaled segments ex, ey, ez onto the
picture plane Q.
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BBenem HEKOTOpBIC HANMEHOBAHMS:

Q — TUIOCKOCTh aKCOHOMETPUUYECKHUX MPOCKIUH (KapTUHHAS TIJIOCKOCTb);

| — HanmpaBIeHKE TPOCITUPOBAHNS,

O - YroJ HakJIOHa HampaBJICHHs TMPOEHUpoBaHus L K MIOCKOCTH akco-
HOMETPUYECKHX TpoeKIuil Q (KapTUHHOM IIIOCKOCTH).

Ocwu xoopauHaT X, Y, Z Ha3bIBAIOT HATYPATLHBIMU OCSIMU KOOPAMHAT.

X1, Y1, Z1 — aKCOHOMETPUIECKHE OCH KOOPUHAT;

A, — akCOHOMEeTpUYEeCcKasi MPOCKIUS TOUKH A;

ai, 81, ;"' — BTOpUYHBIC TPOCKLIMHU TOUKH A;

€x €y, €, — MacIITaOHbIE OTPE3KH;

€x1, €y1, €1 — AKCOHOMETPUYECKHE (BTOPUYHBIE) IIPOEKIUH MACIITa0OHBIX
OTPE3KOB.

B 3aBucuMocTu ot nonoxxenus miockocteit npoekuit H, V, W, miocko-
CTH aKCOHOMETPHYECKUX Tpoekiuii Q u HampapieHus npoenupoBanus | B
MPOCTPAHCTBE KOOPAMHATHI TOYKU OYyAyT MPOCHHUPOBATHCSA C PA3TUIHBIMHU
UCKaKeHUsIMU. OTHOIIEHWE JJIMHBI AaKCOHOMETPUYECKOW MPOEKIIMU Mac-
mTabHOro OTpe3Ka K €ro UCTUHHOM BETMYMHE Ha3bIBaeTCs Kod(hdUuireHTom
WCKKCHHUSI TIO OCH.

0O603Ha4YMM 3TH KOIPPUITUEHTHI:

_ Gxq. _ &y _
IO OCH X m=-—, moocuy n=-—-; moocuz k=—2
ey ey e,
B 3aBHCHMMOCTH OT COOTHOLIEHHS MEXIY KOd(QPHUIUEHTAMH HCKAKEHHS
TI0 OCSIM Pa3IMYalOT AKCOHOMETPHYECKHE MTPOEKIINH:

1. Uzomerpuueckue, ecmu m = n = k;
2. [Jumerpuyeckue, ecnum =n # kunaum =k + n;
3. Tpumerpuueckue, ecnmu m + n # k.

HanMenoBanne mnpoeknuu NIPOU30LUIO0 OT JIPEBHETPEYECKUX CIIOB:
«1SOS» — OIMHAKOBBIN (M30METpPHUYECKAs MPOCKIUS - MPOSKIUsS C OJMHAKO-
BBIMU KOA(PHUIMEHTaAMU HCKaXEHUS 110 BCEM TpeM ocsim); «di» — aBOIHOI
(ImMeTrpuueckas MPOEKIUs — MPOEKLUs C OAUHAKOBBIMU KOd(PUIMEHTaMU
UCKKCHUS 1O JIBYM OCSM); «ireisy — Tpu (TpumerpuuecKas MPOSKIHS —
IPOEKIUS C Pa3HBIMU KO3(PPUIIMEHTaMU NCKAXKEHUS TI0 BCEM TPEM OCSAM).

B 3aBucHMOCTM OT HampaBlIEHHsS NPOEUUPOBAHUS IO OTHOLIEHUIO K
IUIOCKOCTH aKCOHOMETPUUYECKUX MPOeKIUil Q aKkCOHOMETpHUYECKHE IMPOEK-
UM JIEJIATCS Ha MPSMOYTOJIbHBIE, €CJIM Yroi npoeuupoBanus o = 90°, u ko-
coyrojbHbie, o # 90°. CyliecTByeT CBsI3b MEXAY KO3(PPUIUEHTAMU HCKaXke-
HUs, KOTOpasi B 3aBUCMMOCTH OT HaIlpaBJICHUS MPOCLUPOBAHUS BBIPAKAETCSA
CJIEAYIOIIMMY YPAaBHEHUSIMU:
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Let us introduce some designations:

Q — axonometric projection plane (picture plane);

L — direction of projecting;

a — angle of inclination of the direction S to the plane Q.

X1, Y1, Z1 — axonometric co-ordinate axes or axonometric axes;

A, — axonometric projection of the point A;

a,, a;’, a;"" — secondary projections of the point A;

ex, ey, ez — scaled line-segments;

e, €1, €x — axonometric (secondary) projections of the scaled line-
segments.

Depending on the position of the planes H, W, V, the axonometric pro-
jection plane Q and the direction of projecting S in the space, the point co-
ordinates will be projected with different distortions.

The ratio of the length of the axonometric projection segment to its true
size is referred to as the coefficient of distortion on an axis.

Let us designate the above coefficients:

- exl
ontheaxisxm = —
€x
] e
onthe axisyn = =%;
ey
e
onthe axisz k = =L
€z

Depending on the ratio of the coefficient of distortion on the axes, the
following axonometric projections are distinguished:

1. Isometric projections, whenm = n = k;
2. Diametric projections, whenm =n # k unum =k # n;
3. Trimetric projections, when m # n # k.

The names of the projections are derived from Greek: «isos» — equal
(the isometric projection is a projection of the equal coefficients of distortion
on all axes); «di» — double (diametric projection is a projection of the equal
coefficients of distortion on two axes); «treisy — three (trimetric projection is
a projection of different coefficients of distortion on all axes).

Depending on the direction of projecting relative to the axonometric
projection plane Q, axonometric projections are classified as rectangular (the
projection angle o = 90°) and oblique (a = 90°).

The relationship between the coefficients of distortion, depending on the
direction of projecting, may be expressed in the following equations:
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JUIS1 KOCOYTOJILHOM aKCOHOMETPHH: m?+n? + k? =2+ ctgla;
IS IPSAIMOYTOJILHOM akcoHoMeTpun:  m? +n? + k% = 2.

B 3aBucHMOCTH OT MOJOKEHHS B MPOCTPAHCTBE OCEMl KOOPAUHAT, IJIOC-
KOCTH aKCOHOMETPUUYECKUX MPOCKIUA U HAMPABIEHUS MPOCIIUPOBAHUS MO K-
HO TOJYYUTh MHOXKECTBO aKCOHOMETPUYECKUX MPOCKIUM, OTIMYAIOIIUXCS
JIpYyr OT Apyra HampaBlICHUEM aKCOHOMETPHYECKUX Oced W MacmTaboB MO
HUM.

3aHuMasCch Teopueil akcoHomerpuu, Hemenkuil reomerp K. Ilonbke B
1853 roay mpeanoxxuil TeopeMy, Ha3BaHHYKO OCHOBHOM TE€OPEMOM aKCOHO-
MeTpur: «JItoObie Tpu OTpe3Ka, BBIXOASIIME U3 OJHOM TOYKM Ha IJIOCKOCTH,
MOTYT OBbITh MPUHATHI 32 MapajieJbHbIe MPOCKIUUA TPEX PABHBIX U B3aUMHO
NEPIEHANKYISIPHBIX OTPE3KOB B MpOCTpaHcTBey». llepBoe 00o0meHue u no-
Ka3aTeJIbCTBO ATOM TEOpeMbl ObUIO J1aHO B 1864 r. IpyruM HEMEIKMM Treo-
merpoM ['.IIBaprem. C 3TOro BpeMeHU OCHOBHasi TeOpeMa aKCOHOMETPUU
cTayia Ha3bIBaThcs Teopemoil Tlonbke - [IIBapua. M3 paccMOTpEHHOro BbIIIE
MO>XHO BBIBECTH OTPE/ICIICHIE aKCOHOMETPUU:

Axconomempueti Hazvisaemcs uzoopadiceHue npeomema Ha Ni0CKOCmu,
OmHeceHHoe K ONpeoeseHHOU cucmeme KOOPOUHAm U 8bINOJHEHHOEe 6 ONnpe-
OelleHHOM Macuimabe ¢ yuemom Ko3phuyuenmos uckaiceHus.

6.2. MPAMOYrONbHASA NAPANNENbHAA N3OMETPUA

[IpsAMOYTOJIBHYIO TMapaIeIbHYI0O HU30METPUI0 IIUPOKO MPUMEHSIOT B
IPAKTUKE TEXHUYECKOIO0 4YepyeHus. B MNpsAMOYroiabHOM H30METPUUECKOU
npoekiuu (puc. 6.2) aKCOHOMETPUUECKUE OCU X1, Y1, Z; 00pa3yrOT Jpyr C
apyroM yribl B 120°, a K03 OUITHMEHTHI HCKAKEHHS TT0 BCEM TPEM OCSIM OJIH-
HaKoBbl m = n = k u paBHbI 0,82:

m24+nt+ki=2m=n=k= [4/3=082

OnHako M30METPUYECKYIO MPOEKIMIO ISl YIPOIIECHUs, KaK MPaBUIIO,
BBITIOJTHSIOT MPUBEJECHHOMN, TO €CTh MPUHUMAIOT KOIPDHUIIUCHTHI NCKAKCHHS
no ocsiMm M=n=k=1. IIpu 3ToM U300paKeHHE MOIYIACTCS YBEIMUCHHBIM B
1.22 paza. Ocpk z; pacnonararoT BEpTHUKAJIbHO, & OCH X; U Y1 — oA yriiom 30°
K FOPU3OHTAJILHOMY HarpapiieHuto. Ecnu, Hanmpumep, AaHbl OPTOrOHAIbHBIE
npoekiuu Touku A (puc. 6.3), To 711 TOCTPOCHUSI U30METPUUECKON MTPOCK-
AU 3TOW TOYKU IMPOBOJAUM aKCOHOMETpHUUECKHE ocH Toa yrioM 120° npyr k
npyry (puc. 6.4). [lanee ot Hauana KoopAUHAT TOYKH (J; IO OCHU X; OTKJIAJIbI-
BaEM OTPE30K 01841, paBHbIN KoopauHate Xa Touku A. Koopaunaty X, 6epem
C KOMILUIEKCHOTO uepTexka (puc. 6.3).
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for oblique axonometric: m? +n?+ k? =2+ ctg?a;
for rectangular axonometric: m? + n? + k? = 2.

Depending on the location of the co-ordinate axes, the axonometric pro-
jection planes and on the directions of projecting, the vast majority of axo-
nometric projections may be different in the direction of the axonometric
axes and in their scales.

The principal theorem of axonometric was declared by the German
mathematician K.Pohlke in 1853: «Any three line-segments passing from one
point on a plane can be referred to as the parallel projections of three equal
and mutually perpendicular line-segments in the space». The first generaliza-
tion and proof of this theorem was provided by another German mathemati-
cian G.Schwarz in 1864. Since then, the theorem is called the Polke —
Schwarz theorem. The definition of axonometric may be derived from it:

Axonometric is a representation of an object on a plane related to a
certain coordinate system and completed to a certain scale subject to the
coefficients of distortion.

6.2 RECTANGULAR PARALLEL ISOMETRY

Rectangular parallel isometric is widely used in the practice of technical
drawing. In rectangular isometric projection (Fig.6.2) the axonometric axes X,
y, z are at 120 °to each other and the coefficients of distortion are similar in
all three axes m = n = k,and are equal 0,82:

m2+n+k?=2m=n=k= ’2/3=0,82.

However, to simplify an isometric projection, a reduction of the coeffi-
cients of distortion is usually applied m=n=k=1. In this case, the representa-
tion obtained is enlarged by 1.22. The axis z is positioned vertically, the axes
X; and y; — at 30 °to the horizontal direction. Example: To construct an iso-
metric projection of the point A given its orthogonal projections (Fig. 6.3),
draw the axonometric axes
at 120 ° to each other (Fig.

Z,
6.4). Then from the origin o
of co-ordinates O; on the
axis x; lay off the line- 5 o, 5
)

segment 0;a,; equal to the

co-ordinate x, of the point Q
A. The co-ordinate X, IS X1

taken from the complex

drawing (Fig. 6.3). Fig. 6.2 (Puc. 6.2)
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N3 ToukM ay; mpoBOAUM MPSAMYIO, NapAJLIEIbHYIO OCH Y1, U HA HEH OT-
KJIAJIbIBAEM OTPE30K, paB-

HBII KOOpJIWHATE Ya TOYKH a, | ‘

A, momyyaeM TOYKYy a;; U3

TOYKM @; MPOBOIUM OTpE- .

30K, MapauIEIbHBIA OCU Z; ) % 1x 0

U DPABHBIM KOOPAWHATE Zp 2

touku A. IlomyueHHas ToY- 2

ka A; — wuszoMmerpuueckas J

MPOEKIIUS TOUYKHU A. Puc. 6.3 (Fig. 6.3) Puc. 6.4 (Fig. 6.4)

[TocTpoeHue n30MeTpuu MATUTPAHHOW MUPAMUIbI 110 €€ YePTEKY MOKa-
3aHO Ha puc 6.5. OnpenenseM KOOPAUHATHI BCEX TOUYEK OCHOBAHUS MUPAMHU-
Jbl. 3aTeM MO KOOPAUHATAM X U Y CTPOMM HM30METPHIO MSTH TOUYEK — BEPLIMH
OCHOBaHHMsI UpaMuabl. /{151 TOCTPOCHHSI U30METPUYECKON MPOEKIUU TOUKH
A 10 ocH X; OT Hayana koopauHaT Touku O; OTKIaIbIBaeM OTPE30K, PaBHBIM
koopauHare Xa=a'd’. U3
KOHIIa OTpe3Ka MPOBOJIUM
NpsMyl0, MapauiedbHYIO
OCH Y1, Ha KOTOPOM OTKJIa-
JBIBAEM OTPE30K, PaBHBIN
BTOPOU KOOPAMHATE TOUYKHU
ya=a'a. Jlanee cTpouM BBbI-
COTY MOHUpPaMHIbl U HaXO-
UM TOYKY S - €€ BepIIH- Y
Hy. CoequHsst TOUKy S; ¢
TOYKAMH OCHOBaHHA Aj,
Bl, Cl’ Dl, E]_, Imory4yacm b
U30METPUIO  MHUPaMUJIBL.

Ha puc. 6.6 npuseneH
IIPUMEpP NOCTPOEHUSI U30METPUH IIECTUTPAaHHON pu3MblL.  Puc. 6.5 (Fig. 6.5)

6.3. MPAMOYIOJlIbHASA NAPANNENbHAA AUMETPUA

N

C

B npsmoyronbHON TUMETpUU OCh Z; — BEPTUKAIbHAs, OCh X; Pacroio-

*eHa nof yriioM 7°10°, a ock Y1 — o yriiom 41°25° K TOpU30OHTAIIBHOM Mpsi-
Moi (puc. 6.7). KoadduureHTsl uCKaXKeHUs M0 OCU X; M Z; TPUHUMAIOT PaB-

1
HeIMH — M=K, a 110 ocH Y, — B JIBa pa3a MECHbIIIC — N = S m. Torna,
2

1 8
m2+n2+k2=m2+m2+(zm> =2: m= §=0,94; n=047
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From the point a,; pass a straight line parallel to the axis y; and on it lay
off a segment equal to the co-ordinate y, of the point A to obtain the point a;.
From this point (a;) draw a line-segment parallel to the axis z; and equal to
the co-ordinate z, of the point A. The point A; thus obtained is an isometric
projection of the point A. Constructing an isometric of a pentagonal pyramid
by its drawing is shown in Fig. 6.5.

First, determine the co-ordinates of all points of the pyramid base. Then
according to x and y co-ordinates construct an isometric of five points - the
vertices of the pyramid base. For example, to construct an isometric projec-
tion of the point A from the origin O, on the axis x; lay off a segment equal to
the co-ordinate x,=a’'d.” From the end of the segment pass a line parallel to
the axis y;, on which lay off a segment equal to the second co-ordinate of the
point y,=a’a. Now construct the pyramid height and find its vertex S;. Join-
ing the point S; with the points A,, B;, C,;, D;, E; obtain the pyramid
iIsometric. Fig. 6.6 shows the construction an isometrics of a hexagonal
prism.

7
Z;
|
o
|
% 0
1" 2=6 357 4
6 5
|
X I
N 7 4
A0 |
7 3
Xy
J

Fig. 6.6 (Puc. 6.6)
6.3 RECTANGULAR PARALLEL DIMETRY

In the rectangular dimetry the axis z; is vertical, the axis x; is at 7°10’

and the axis y; is at 41°25’ to the horizontal line (Fig. 6.7).
The coefficients of distortion on the axes x; and z; are assumed to be

equal (m=Kk), those on the axis y, - twice less —n = %m.
Then,

1) 8
m? +n? + k% =m? + m? + (3m) =2;m=\[5:0,94; n=0,47
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Ha npakTturke, BBINONHSIOT MPOBEACHHYIO JUMETPUIO, IPUHUMAs KO3 ]-
bunuenTsl uckaxkenns M=k=1, a n=0,5. B stom ciay4yae n3obpaxkeHue yBe-
muuuBaercs B 1,06 paza. Ecnu gana oproroHaibHas npoekius Touku A (puc.
6.8), TO ISl TOCTPOEHUS JUMETPUUECKOU MPOEKIIMU 3TOW TOYKH MPOBOAUM
aKCOHOMETPUYECKHE OCH TIOJI 33JJaHHBIM YTiioM (puc. 6.9). OTknanpiBaeM 1Mo
OCH X1 OT Hayaja KOOpJIAUHAT OTPE30K 0181, PABHBIN KOOPAUHATE Xa TOUKH A.
N3 ToukH ay; mMpOBOAUM IPSAMYIO, TAPAJUIEIBHYIO OCH Y; U Ha HEW OTKJIAJbI-
BaeM OTPE30K, PaBHBIN MMOJIOBUHE KOOPAUHATHI Ya TOUKH A, TaKk Kak KO3pPu-
IUCHT UCKaKEeHU 110 ocu Y; paBeH 0.5. M3 Touku a; mpoBOJIUM OTPE30K a1A1,
paBHBI KoopAuHaTE Za. [lomydyaem Touky A; — AMMETPUUYECKYIO TTPOEKIIMIO
TOYKH A.

s, y

Puc. 6.7 (Fig. 6.7) Puc. 6.8 (Fig. 6.8) Puc. 6.9 (Fig. 6.9)

[TocTpoeHne TUMETPUU TPU3MBI ¢ TPU3MATHICCKUM OTBEPCTHEM (pHC.
6.10) mokazano Ha puc. 6.11. [Ins BbIsABIEHUS BHYTpPEHHEH (OpPMBI JieTaiu
aKCOHOMETpHYECKasl MPOESKIUs BBIMOJHEHA ¢ BbIpe3oMm 1/4 (yroi, obpazo-
BaHHBIN CEKYIIMMH IIJIOCKOCTSIMH, BBITIOJIHACTCS PACKPBITBIM). Tak Kak je-
Talh CUMMETPHUYHA, HAYaJI0 KOOpPAMHAT 7
(rouxy O) BeIOMpaeM B IIEHTPE MPHU3MBI U 5'=6" 7=8’
CTpPOUM OcH X, Y, Z (puc. 6.10). AKCOHOMET- N
PUYECKYIO TMPOEKIIMIO BBIMOJTHSEM B Cle-
JYIOILIEN TTocenoBaTeabHOCTH. CTpOUM ak- )Y
COHOMETPUUYECKUE OCH U TIJIOCKHE (PUTYPBI,
MOJIYYCHHBIC TIPH CEYCHUU JETAIN TIOCKO-
cramu XOz u yOz (puc. 6.11, 1). OGo3Ha-
YUM BEPIIUHBI HUKHETO OCHOBAHUS (TOYKH
1, 2, 3, 4) u CTpOoUM aKCOHOMETPHUYECKHE )Y
npoekiuu Touek 2, 3, 4. Ctpoum BepxHee

=27 | xg U xg | 34

iy
Yy

)z,

OCHOBaHHE TIPHU3MBI, MMPOBOJS U3 TOJYUCH-
HBIX TOYEK OTPE3KH, MMapaieTbHbIC OCH Z1,
U OTKJIAJIbIBA€M HA HUX BBICOTY MPU3MBI Zy
(puc. 6.11, 2). Ilony4eHHBIC TOYKH COCIIH-
HSIEM TOHKUMHU JHHUSIMH (pHc. 6.11, 3).
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In practice the reduction of diametric is usually used with the coeffi-
cients of distortion m=k=1, n=0.5. In this case the representation is enlarged
by 1.06. To construct a diametric projection of the point A, given its ortho-
gonal projection (Fig. 6.8), pass the axonometric axes at a given angle (Fig.
6.9). On the axis x; from the origin of coordinates lay off the line-segment
0,a,; equal to the coordinate x, of the point A. From the point a,; draw a
straight line parallel to the axis y;, and on it lay off a segment equal to the
half length (as the coefficient of distortion on the axis y; is 0.5) of the coordi-
nate y; of the point A. From the point al pass the segment a;A; equal to the
coordinate z,. The point A; thus obtained is the desired diametric projection
of the point A. Construction of a diametric of a prism with a prismatic hole
(Fig. 6.10) is shown in Fig. 6.11. To uncover the inside form of the detail, the
axonometric projection is completed with a notch 1/4 (the angle contained by
the cutting planes is drawn open for a viewer). As the detail is a symmetric
one, introduce the origin of the co-ordinates (the point O) in the prism centre
and construct the axes X, y, z (Fig. 6.10). To draw the axonometric projection
proceed as follows. Construct the axonometric axes and the plane figures ob-

tained by cutting the detail with the planes xOz and yOz (Fig. 6.11-1).
/1

/1

Y, )
Fig. 6.11 (Puc. 6.11)

Designate the vertices of the lower base (the points 1, 2, 3, 4) and con-
struct the axonometric projections of the points 2, 3, 4. Now pass from the
obtained points the segments parallel to the axis z; and lay off on them the
prism height z, to construct the upper base of the prism (Fig. 6.11-2). From
the obtained points pass the lines parallel to the axis z; and lay off on them
the depth of the opening zgz. Join the points thus obtained with the thin lines
(Fig. 6.11-3).

137



O6BOMM BUIMMBIC JTUHUM YEPTEKAa U yOMpaeM BCIIOMOTaTeJIbHBIC MO-
crpoenus. [IpoBoAMM JIMHUK IITPUXOBKHU ceueHuit (puc. 6.11, 4). B Bepxuem
OCHOBAaHUM 00O3HAYUM BEPIIMHBI MPU3MATHUYECKOTO OTBEPCTHUS (TOUKH 5, O,
7, 8) u cTpOoUM aKCOHOMETPUYECKHE MPOSKIINK Touek 6, 7, 8. M3 3Tux Todek
MPOBOANM JIMHWH, TIApaUIeNbHBIE OCU Z;, U Ha HUX OTKJIAJbIBAaEM Zg- II1yOu-
HY OTBEpPCTHSI.

JIuHUM MITPUXOBKU CEYEHUN B aKCOHOMETPUUECKUX MPOCKIUIX HAHO-
CAT MapasuleJbHO OJHOM M3 JIMArOHaJIEM MPOEKIHM KBAJPATOB, JICKAIIUX B
COOTBETCTBYIOIIUX KOOPJAUHATHBIX TIOCKOCTSX, CTOPOHBI KOTOPBIX Mapaj-
JIeJIbHbl AKCOHOMETPUYECKUM OcsiM (puc. 6.12 — nnst uzomerpuu, puc. 6.13 —
JUISL TUMETPUN).

6.4. U3OBPAXEHWUE OKPYXXHOCTU U LLAPA B NPSMOYT ONbHOM
AKCOHOMETPUU

OKpy)XHOCTb B aKCOHOMETPHUU B OOLIEM cilydae MpPOELHUpyeTcs B 3JI-
nurc. [Tpu noctpoeHun 3umnca HEOOXOAUMO 3HATh HAIIPABIEHHUE €ro Oocel
U uX pazMepsl. lIpy nocTpoeHnH NMpOEKIMU OKPYKHOCTH, JIEKAIIEH B OJTHOU
U3 KOOPAMHATHBIX IUIOCKOCTEW, Maslas OCh JJUIMIICA HAIIPaBJICHA Iapajuleilb-
HO aKCOHOMETPUYECKOW OCH, HE Y4acCTBYIOLIEH B 00pa30BaHUU IIIIOCKOCTH, B
KOTOPOI BBIMONHAIOTCA NOCTpoeHUsl. COOTBETCTBEHHO, OOJIbIIAS OCh JUIMII-
ca el NepHeHIUKYIIpHa.

W3omeTpuueckas Npoekuus OKpyXHOCTH

[Ipu mocTpoeHUH TOYHOW aKCOHOMETPUM OKPYKHOCTU BEJIMYMHA OOJb-
IIOM OCH DJUIMIICA PaBHA BEJIMYMHE JUAMETPA 3TOM OKPYXKHOCTH. IIpu mo-
CTPOCHUM TMPHUBEIECHHON aKCOHOMETPUHU pa3Mepbl yBelu4yuBawTcs B 1.22
paza, Mo3TOMY BeJIMYMHA OOJBINION ocu Ajuuica coctaBisier 1.22D, a Benu-
yuHa manoi ocu — 0.71D. Ha puc. 6.14 nokasan rpadgudeckuii crmocod ompe-
JIeJIeHHs] pa3MEPOB ocell Asumica. BeiuepurBaeM OKpY>KHOCTH auamerpa D,
xopaa AB = 0.71D (Bennuuna manoi ocu siuuica). [IpuHsB 3a LIEHTp TOYKH
A u B, paguycom, paBHbiM AB, npoBoiuM 10 B3aMMHOI'O NIEPECEUEHUsST TyTU
U nojy4deHHble Touku E u F coequnsem npsmoit nunuein EF=1.22D (Benu-
YyHAa OOJIBIIION OCH DJUINIICA).

[TocTpouM akcoHOMETpUYECKUE OCU X1, Y1, Z3 U B miockoctu X;0,7; 3a-
JaJM HarlpaBjieHre OOJbIIoN 1 Maol ocelt (puc. 6.15). OTi0xKuUM BeTUY U-
HbI, paBHbIC JJIMHE Ooubinon EF u manoit AB oceil amumca, KOTopble nepe-
ceKaroTcsl B meHTpe diumnca - Touke O,. Uepe3 3Ty TOUKy, MmapauieabHO
OCSIM X; M Z1, 00pa3yIolUM JaHHYIO MJIOCKOCTh, MPOBOAUM MPSMbIE U Ha HUX
OTKJIaJIbIBa€M 3HauyeHus, paBHble AuameTpy D okpyxknoctu. CoelMHUB MO-
Jy4ECHHBIE 8 TOUEK, MOTYYUM BJUIHIIC.
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Designate the vertices of the prismatic opening in the upper base (points
5,6,7,8) and construct the axonometric projections of the points 6, 7, 8. Out-
line the visible lines of the drawing and take away the auxiliary construc-
tions. Draw the cross-hatching lines (Fig. 6.11-4). The cross-hatching lines in
axonometric projections are drawn parallel to one of the diagonals of the
squares lying in the corresponding co-ordinate planes, the sides of which are

parallel to the axonometric axes (Fig. 6.12 — isometry, Fig. 6.13 — dimetry).
Z

X 4
yl
Puc. 6.12 (Fig. 6.12) Puc. 6.13 (Fig. 6.13)

6.4 REPRESENTATION OF A CIRCLE AND A SPHERE IN AXONOMETRY

A circle in axonometric is generally projected in an ellipse. When con-
structing an ellipse, it is necessary to know the direction of its axes and their
dimensions. Note: the minor axis of an ellipse is always perpendicular to the
major one. When a circle projection is constructed (the circle lies in one of
the co-ordinate planes), the minor axis of the ellipse is directed parallel to the
axonometric axis which does not participate in the formation of the plane the
drawing is in.

Isometric Projection of a Circle

When an accurate axonometric of a circle is constructed, the length of
the ellipse major axis is equal to the diameter of the above circle. When a re-
duced axonometric is drawn, the dimensions are enlarged by 1.22, so the el-
lipse major axis’ length makes 1.22D, the minor one’s - 0.71D. Fig.6.14
presents a graphical method of determination of the ellipse axes’ dimensions.
Draw a circle of the diameter D, the chord AB=0.71D (the length of the el-
lipse minor axis). Assuming the points A and B as the centre, with the radius
equal to AB draw the arcs to meet each other in E and F. Join the obtained
points with a straight line. EF=1.22D (the length of the ellipse major axis).

Construct the axonometric axes zi, Y1, z; and specify in the plane x4, 04,
z; the directions of the major and minor axes (Fig. 6.15). Lay off the seg-
ments equal in length to the major EF and the minor AB axes, to meet in the
centre of the ellipse - the point O,. Through this point pass the lines parallel
to the axes x; and z; generating the given plane. On the lines, lay off the val-
ues equal to the diameter D of the circle. Join the obtained 8 points to get an
ellipse.
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JI71s1 MOCTpOEHUS SJUIUIICA MOYKHO BOCIIOJIB30BATHCS U KaKUM-JIUOO JIpy-
UM M3BECTHBIM METOAO0M. [locTpoeHue AUIUIICOB B APYTUX IUIOCKOCTSIX HE
OTJIMYAETCS TI0 CBOEMY XapaKTepy, MEHAETCS TOJBKO HampaBlICHHE OOIbIION
Y MaJIOW OCEH 3JUIUIICA.
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Puc. 6.14 (Fig. 6.14) Puc. 6.15 (Fig. 6.15)

ﬂI/IMeTpM YecKad NPpoeKUnAa OKPYXHOCTH

B orianune oT u3oMeTpuu, /i€ BEIMUYHUHBI OONBIION W Majlol oceu 3ii-
JIMTICA OCTAIOTCS OJIMHAKOBBIMU HE3aBUCHUMO OT IUIOCKOCTH, B KOTOPOW pac-
MOJIOKEHA OKPYKHOCTb, B JJUMETPHUH TMOCTOSTHHOM OCTAETCS TOJIBKO BEITUYU-
Ha Oosbinoit ocu, paBHas 1,06D. B mmockocTsix ropuzoHTasibHOM H 1 mpo-
dbunpHOMt W - Manas ock smmnca cocrapmsger 0,35D, a B murockoctu ¢GppoH-
tanpHOU V - Manast och paBHsietcss 0,94D. [/Ins ompenenenust BenMuuH oceit
ayunca rpaduYecKuM CrocoOOM MOCTPOUM MPSIMOYTOJIbHBIA TPeyroiabHUK
(puc. 6.16).

Karersl Tpeyronbpuuka coctaBisitoT 100 Mm u 35 mM. ['unorenysa npu
»ToM paBHsaeTca 106 mm. Eciiu MbI OTJI0KUM 110 O0BIIIOMY KaTETy 3HAaUEHUE,
paBHOE auameTpy okpyxkHoctu D (otpe3ok AB), To orpe3ok BC Oymer co-
ctaBiaTh 0.35D, To ecTh OymeTr paBeH 3HAUCHHUIO MAJIOM OCH JJIIUIICA IS
wiockocter H u W. Otpesok AC pasen 1.06D, To ectb 3HaueHHIO OOJIBIIION
ocu 3junrnca. Eciim Mbl OTJIOKUM BeIMUMHY nuaMmerpa D mo runorenyse (0T-
pe3ok AK), 3aTtem u3 Touku K omycTuM mepneHAuKyIsap Ha OOJbIION KaTeT
TpeyrojibHUKA, TO OTpe30K AE Oyner paBen 3nauenuto 0.94D, To ecth Benu-
YyuHE MaJlo ocu »yumrca JJjst TiockocTu V. M300paxkeHue OKpY>KHOCTU B
NPSIMOYTOJIbHON AUMETPUUYECKON MPOEKIUHU MMOKa3aHo Ha puc. 6.17.
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Another method may also be used for ellipse construction. Construction
of an ellipse in the other planes is similar, only the directions of the axes
change.

Dimetric Projection of a Circle

In contradiction to the isometric where the sizes of the ellipse major and
minor axes remain equal whatever the plane of the circle is, in dimetry only
the length of the major axis is always constant (1.06D). The size of the minor
axis in the horizontal (H) and profile (W) planes makes 0.35D, in the frontal
(V) plane it makes 0.94D. To determine the size of an ellipse axes by means
of the graphical method let us construct a right triangle (Fig. 6.16) given the
legs (100 mm and 35 mm) and the hypotenuse (106 mm).If we lay off the
segment AB equal to the circle diameter D on the longer leg, the segment DC
will make 0.35D, i.e. will be equal to the length of the minor ellipse axis on
the planes H and W.

i
106
D X L — R S
[
N
4 £ll S
09.p |18
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100

Fig. 6.16 (Puc. 6.16)

The line-segment AC is equal to 1.06D, that is to the length of the major
ellipse axis. If we lay off the length of the diameter D (the segment AK) on
the hypotenuse and then drop a perpendicular from the point K to the longer
leg of the triangle, the segment AE will be equal to 0.94D, i.e. to the length of
the ellipse minor axis on the plane V. The representation of a circle in the rec-
tangular dimetric projection is shown in Fig. 6.17.
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Fig. 6.17 (Puc. 6.17)
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Hampumep, nst mocTpoeHUs: OKPY>KHOCTH B TNIOCKOCTH V 4epe3 TOUKY
O2 mapaienbHO OCSIM X; U Z; MPOBOJUM TPSMBIE U HAa HUX OTKJIAIbIBAEM
BEJIMYMHBI, paBHbIE JUaMETPy OKpykHOcTH. Ha nuHuu, npoBeaeHHon napai-
JIEJIbHO OCH y; — 3HadeHue, paBHoe 0,94D (BenuuuHy Majol OCH 3JUIMIICA).
[lepnieHAUKYIAPHO MaJio OCH CTPOMM OOJIBIIYI0 OCh JJUIMICA, PABHYIO
1,06D. ITony4yeHHbIE TOUKH COEAUHSAEM IIJIaBHOM JIMHUEH.

W306paxeHune wapa u Topa

B mpsmMoyronbHON mapaiiebHOW aKCOHOMETPUHU Iap M300pakaeTcs
OKpYyXXHOCTbhIO. [Ipy mocTpoeHuH Iiapa Mo HaTypaJbHBIM TOKa3aTeNsiM HC-
KOKEHUSI ero akCOHOMETPUUYECKOM MpoeKiuend OyIeT OKPY>KHOCTb, TUAMETP
KOTOpOW paBeH AMaMeTpy m3oOpaxkaemoro mapa. [Ipu mocrpoenun nzodpa-
KEHHUs 11apa MO MPUBEICHHBIM IOKA3aTelsIM IUAMETP OKPYKHOCTH YBEIIU-
yuBaeTcsa: B u3omerpun — B 1,22 paza, B qumerpuu — B 1,06 paza. Ha puc
6.18 noka3zaHbl H30METPUYECKHE MPOEKLIHUH 1Iapa U TOPA.

Xi
Puc. 6.18 (Fig. 6.18)

6.5. KOCOYIOllbHblIE AKCOHOMETPUU

®poHTanbHaA U30MeTpuYeckas NnpoeKums

[TonoxxeHne akCOHOMETPUUYECKUX OCel MmokazaHo Ha puc. 6.19. Jlomyc-
KaeTCs MPUMEHSATHh (POHTATHHBIC M30METPUUECKHE MPOEKIMH C YIJIOM Ha-
KJIoHa ocu Y1 B 30° u 60°. pOHTAIBHYI0 U30METPUUYECKYIO TTPOEKIUIO BHI-
MOJTHSIOT 0€3 UCKaKEHHS 10 OCSIM Xy, Y1, Z1. OKPYKHOCTH, JISKAIIHE B TIJIOC-
KOCTSX, MapaJIeIbHbIX (PPOHTAIILHON IJIOCKOCTH MPOEKIHUi V, mpoenupy-
IOTCSl Ha aKCOHOMETPUUECKYIO TIJIOCKOCTh B OKPY>KHOCTH. OKpPYKHOCTH, Jie-
JKalye B IIOCKOCTAX, MapajieabHbIX TiockocTsasM H u W - B sinunce! (puc.
6.20). Boabiras ock smmmrcoB 2 u 3 cocraisger 1.3D, a manas oce — 0.54D,
rae D — nuametp okpyxHocTy. boinbias ock 3yumincos 2 ¥ 3 HalpaBjieHa 1Mo
OMCCEKTpUCE OCTPOro yriia MEXIy MPSIMBIMH, MapajuIeIbHBIMU aKCOHOMET-
PUYECKUM OCSIM U MPOXOASIIUMHU Yepe3 LIEHTPbI JUTUIICOB.
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Draw the lines parallel to the axes x; and z; and lay off on them the
segments equal to the circle diameter; then draw a line parallel to the axis y,
and lay off on it a segment of 0.5D. Construct the major and minor axes of
the ellipse. Join the points thus obtained with a smooth line.

In rectangular parallel axonometric, a sphere is represented as a circle.

When a sphere is constructed by the true values of distortion, its axono-
metric projection is a circle of the diameter equal to the diameter of the
sphere. When a sphere is constructed by reduction, the diameter of the circle
enlarges in conformity with the reduction coefficient: in isometry it is 1.22;
in dimetry - 1.06. Fig. 6.18 shows an isometric projection of a torus produced
by means of the auxiliary spheres inscribed in it.

6.5 OBLIQUE AXONOMETRY

The Frontal Isometric Projection

The position of the axonometric axes is shown in Fig. 6.19. It is admiss-
ible to apply the frontal isometric projections with the angle of inclination of
the axis y, of 30° and 60°. The frontal isometric projection is completed
without distortion on the axes Xy, Y1, 1. The circles lying in the planes parallel
to the frontal projection plane V, are projected on the axonometric plane as
circles. The circles lying in the planes parallel to the planes H and W, are pro-
jected as ellipses (Fig. 6.20).

Z
135°
X, 0y _
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iz
Fig. 6.19 (Puc. 6.19) Fig. 6.20 (Puc. 6.20)

The major axis of ellipses 2 and 3 makes 1.3D, the minor one - 0.54D
(D is the diameter of the circle). The major axis of ellipses 2 and 3 is directed
along the acute bisectrix between the lines parallel to the axonometric axes
and passing through the ellipse centres.
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Jletanb BO ppOHTAIBHON M30METPUHU CIIEAYET paciojaraTh Mo OTHOIIIE-
HUIO K OCSIM TaK, YTOOBI CIIOJKHBIE TIOCKUE (GUTYPBI, OKPY>KHOCTH, AYTH TII10-
CKUX KPHUBBIX HAXOJWINCh B IIJIOCKOCTSIX, MapajlIeNbHBIX (POHTAILHON
IUTOCKOCTH TIPOEKIi. Toraa uxX mMoCTpOeHUE YIPOIIAeTcsl, TaK KaKk OHU H30-
Opaxatorcs 6e3 nckaxenus (puc. 6.21).

. @\

NI

Puc. 6.21 (Fig. 6.21)
®poHTanbLHaa AUMeTPUYECKan NPoeKLus

[TonmoxeHne akKCOHOMETPUYECKHX OCed Takoe ke, Kak y (hpOHTaIbHON
u3oMeTpudeckor mnpoekuuu (puc. 6.22). Jlomyckaercss NpUMEHSTh (PpoH-
TaJIbHBIE JUMETPUYECKHE MPOEKIMU C YIJIOM HakJoHa ocu Y; B 30° m 60°.

KoaddunmeHT uckaxenus mo ocu Y, paseH 0.5, mo ocsim X; u Z; - 1.
1 Z1
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Puc. 6.22 (Fig. 6.22) Puc. 6.23 (Fig. 6.23)

OKpyXHOCTH, JieXalllie B TUIOCKOCTSX, MapauleTbHBIX (POHTAIBLHOM
MJIOCKOCTH TIPOEKIHHA V, MPOCTIMPYIOTCS Ha aKCOHOMETPUUYECKYIO TIIOCKOCTh
B OKPY)KHOCTH, a OKPY)KHOCTH, JISKAIUE B TUIOCKOCTSIX, MapaJiiebHBIX T O-
pusoHTanbHOM H m mpodumnbHOM W TIIOCKOCTAM MPOEKIHM, — B DIUIUIICHI
(puc. 6.22 — 6.23). bonbias ock sumncoB 2 u 3 AB = 1.07, a mayias och —
CD = 0.33 guamerpa okpyxHOCTH. bosbiasi ock surnca 2 HaKJIOHEHA K
TOPU3OHTAJIBHOM OcH X; moja yriioM 7°14', a Gomblas ock 3imnca 3 — moj
TEM e YIJIOM K BEPTUKAIBHON OCH Z;.
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A detail in the frontal isometry should be positioned relative to the axes
so that the complex plane figures, circles and arcs of the plane curves are lo-
cated in the planes parallel to the frontal projection plane (Fig. 6.21). In this
case their representations are distortionless and the drawing work is simpler
to do.

The Frontal Dimetric Projection

The location of the axonometric axes is similar to that of the frontal
isometric projection (Fig. 6.22).

It is admissible to apply the frontal dimetric projections with the angle
of inclination of the axis y; of 30° and 60°. The distortion coefficient on the
axis y; is 0.5, on the axes x; and z; it is 1.

The circles lying in the planes parallel to the frontal projection plane V
are projected on the axonometric plane as circles, those lying in the planes
parallel to H and W planes - as ellipses (Fig. 6.22-6.23).

The major axis of ellipses 2 and 3 is 1.07, the minor one - 0.33 of the
circle diameter. The major axis A;B; of ellipse 2 is inclined to the horizontal
axis x; at the angle of 7 °14’, the major axis of ellipse 3 - at the same angle to
the vertical axis z;.
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BOMNPOCHI K I'MABE 6

B ueMm cyTh crioco0a akCOHOMETPUUECKOTO MPOCITUPOBAHMS?
ChopMynupyiiTe OCHOBHYIO TEOPEMY aKCOHOMETPHHU.

UYro HazbiBaeTcst KodhPUimeHTaMu UCKaKeHNs?

Kak cBsizanbl Mexy co60i KOA(DPUITMEHTHI HCKAXKEHHS ?

Kak pazmenstoTcss akCOHOMETPUUYECKHE TMPOCKIINA B 3aBUCH-
MOCTH OT HaIPaBJICHUSI MPOCIIUPOBAHUS M OT CPABHUTEIBHON BETUYUHBI
K02 (DUITMEHTOB NCKAKECHHS ?

6. Kak onpenesnsiercs HampaBieHUe OONbIION U MOl Ocel 3Ji-
JIATICOB, SIBJIAIOIIUXCA M30METPUUYECCKOW M JTUMETPUUECKOW IMPOEKIIUEH
OKPY>KHOCTH?

7. Kakas nuHUS SBISETCS O4EPKOM aKCOHOMETPHUUYECKOU MPOEK-
uu mapa?

8. Uemy paBHbl KO3(POUIMEHTHI HMCKAXEHUS B KOCOYTOJbHOM
(bpoHTATHHON H30METPUH?

9. HazoBute KO3GGUIMEHTH WCKAXEHUS B KOCOYTOJIHHOM
(bpoHTATBHON TUMETPUH.

10. Kak cTposTcst ocu B KOCOYTOJIbHONW aKCOHOMETPHH?

OO E
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QUESTIONS TO CHAPTER 6

What is the essence of the method of axonometric projection?
Formulate the principal theorem of axonometric.

What is the coefficient of distortion?

How are the coefficients of distortion related to each other?
How are the axonometric projections classified according to
the dlrectlon of projecting and the comparable value of the coefficients
of distortion?

6. What is the way of determining the direction of the major and
minor axes of an ellipse, if ellipse is the isometric and diametric projec-
tion of a circle?

7.  What line is called the outline of the axonometric projection
of a sphere?

8. What is the value of the coefficients of distortion in an oblique
frontal isometric?

9. Name the coefficients of distortion in an oblique frontal iso-
metric?

10. What is the way of constructing the axes in an oblique axo-
nometric?

ARl
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