MABA 6. AKCOHOMETPUYECKHUE NMPOEKLUN

6.1. Cnocob aKkCOHOMEeTpPMUYECKOro NpPoeLMpoBaHMs.
Koadc¢puumeHTbl uckakeHus

KomrmunekcHbIll uepTex siBiseTcss rpaMdecKd MPOCTHIM U YHOOHO HM3Me-
PsIeMBIM, OJJHAKO 10 HEMY He BCer/ia JIerkKo IpeJICTaBUTh PEeAMET B IPOCTPAHCTBE.
Heobxonum gepTex, Daonmii ¥ HarIsIgHoe mpencraBieHne. OH MOXeT OBITh IT0-
Jy4eH NpH MPOeNUPOBaHUU NTPEeAMETa BMECTe C OCSIMUA KOOPJHMHAT Ha OJHY IUIOC-
KOCTb. B 3TOM citydae o ofHON NpOEKIMN MOXXKHO TOJIyIHTh HATTIIJHOE U METpH-
YeCKH OIpeJielieHHOe M300pakeHHe. Takue BUIbI H300paXKeHUH Ha3bIBAlOT aKco-
HOMETPUYECKUMHU MPOCKIHUIMH.

Croco® akCOHOMETPHUYECKOTO NMPOSHUPOBAHHS COCTOUT B TOM, YTO JaHHas
¢urypa BMecTe ¢ OCSIMU MPSMOYTOJIBHBIX KOOPAMWHAT, K KOTOPHIM OHa OTHECeHa B
IIPOCTPAHCTBE, MPOSIIUPYETCS Ha HEKOTOPYIO TIOCKOCTb, MIPUHSATYIO 33 INIOCKOCTh
MPOEKLMH (3TY MIOCKOCTh HA3bIBAIOT TAK)KE KAPTUHHOMN MIIOCKOCTBIO).

B 3aBuCcHMOCTH OT yJalieHHs [IEHTpa NMPOSIIMPOBAaHMS OT KapTHHHON IIIOC-
KOCTH aKCOHOMETpHUYECKHe NMPOEKLUH Pa3lelsiioT Ha: yeHmpavHule — LEHTP Mpo-
SI[POBaHMUS HAXOIUTCS Ha KOHEYHOM PACCTOSHHUH OT KapTHMHHOU IUIOCKOCTH; Ma-
pannenvHvle — LEHTP IPOSIUPOBAHMS HAXOAUTCS B OECKOHEUHOCTH.

B nansHelineM Mbl OyJjeM paccMaTpHUBaTh TOJIBKO MapaijieIbHOe aKCOHO-
METpHUIECKOe NPOeLUPOBaHHE.

CnoBo “axconomempus” oOpa30oBaHO U3 CIIOB JPEBHETPEYECKOro s3bIKa:
“axcon” — och U “Mempeo” —N3MepsI0, TO €CTh OHO IePEeBOAUTCS KakK “‘M3MepeHne
1o ocsiM”. DTO 03HA4aeT, YTO aKCOHOMETPUYECKOe M300pa’keHHe JaeT BO3MOXK-
HOCTh IPOW3BOJUTH M3MEPEHHE M300pakaeMoro o0bekTa Kak M0 KOOPIUHATHBIM
0CSIM X, V, z, TaK | 110 HalpaBJIeHUSIM, UM MapallelIbHbIM.

[TocTporM aKCOHOMETPUYECKYIO MPOEKIMIO0 TOYKH 4, OTHECEHHOH K TpeM
B3aUMHO TePIeH MKy JISIPHBIM [UIOCKOCTSIM poeKuii (puc. 6.1).

Bo3bMeM MpOW3BONBHBIM MacIITa0HBIA OTPE30K e (HaTypallbHBId Mac-
Tab) ¥ OTJIOXKUM ero Ha ocsiX, 0O03HaYuB e, e, e. (e=e,=e,=e.). Crnpoenupyem
Ha KapTUHHYIO MJIOCKOCTh () MapajuleNbHBIMU JIydaMH TOUYKY 4 BMecTe C MpoeK-
LUAMH g, a’, a"', KOOpAUHATHBIMHU OCSIMU U MacCIITaOHBIMU OTPE3KaMH ey, e, €.

Beegem HEKOTOPbIC HAMMEHOBAHUS

O — IIIOCKOCTh aKCOHOMETPUUECKHX MPOEKLMH (KapTHHHASI TNIOCKOCTD);

| — HanpaBJIeHUE MPOCLIUPOBAHNS;

0L - YroJl HakJIOHa HalpaBJeHHs NMPOEeLUPOBaHUs L K TNIOCKOCTH aKCOHO-
METpHUYECKHUX NMpoeKuuid O (KapTHHHON IIIIOCKOCTH);
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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 necessary to
have in addition to it a drawing of pictorial view, which may be obtained by pro-
jecting 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 axonometric 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 picture
plane all axonometric projections are classified as: the central projections - the
centre is located at a finite distance from the plane; and the parallel projections -
the centre is at infinity.

Only parallel axonometric projections are considered in this chapter.

The word “axonometry” is derived from the Greek words “axon” which
means “axis” and “metro” meaning “I measure’, so it can be translated as “the
measurement by the axes”. That is, an axonometric representation provides the op-
portunity to measure an object both by the co-ordinate axes x, y, z and by the direc-
tions parallel to them.

Let us construct an axonometric projection of the point A related to three

a a, 21 a
\A a y a,
’\E\ < Y .
X Oy EX_IIU\ 1E ai
\Ey =] azf
A,
€ fy. S g, Fig. 6.1 (Puc. 6.1)
a, 5

mutually perpendicular projection planes (Fig. 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 4, the projections a,a’,a"’,
the co-ordinate axes and the scaled segments ex, ey, ez onto the picture plane Q.

Let us introduce some designations:

QO - axonometric projection plane (picture plane);
[-  direction of projecting;
a - angle of inclination of the direction S to the plane Q;
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Ocu KOOpIUHAT X, Y, z Ha3bIBAIOT HATYPAITbHBIMU OCSIMH KOOPIHUHAT.

X1, Y1, Z1 — AKCOHOMETPUYECKUE OCH KOOPIMHAT (AKCOHOMETPHUUYECKHIE OCH);

A ; — akCOHOMeTpHUecKast TPOESKIUS TOUKH A;

a;, a;’,a;" — BTOpUYHbIE POEKLIUU TOUKH A;

ey, e,, e. — MaclITabHblE OTPE3KH;

e, €y, €;; — aKCOHOMeTpHUeckue (BTOpPUUYHbIE) MPOEKLUH MacluTaOHbIX

OTpPE3KOB.

B 3aBucHUMOCTH OT MOJIOXKEHUS TIIOCKOCTel npoekuuid H, V, W, miockoctu
aKCOHOMETPHUYECKUX MpoeKIuii O ¥ HallpaBJIeHUs] IPOSIIMPOBaHUs / B TPOCTPaH-
CTBe KOOPAWHATHI TOYKH OYIYT MPOCIUPOBATHCS C PA3IMYHBIMU HCKaKESHUSIMH.

OTHoIIeHHE TMHBI aKCOHOMETPUIECKON MPOEeKIIUN MacIITabHOTO OTpe3Ka
K ero HCTHHHOW BelIMUWHE Ha3biBaeTcs KO3()(OUIIHEHTOM HCKaXSHHUS 110 OCH.

O0603Ha4UM 3TH KO3 PULHEHTHI:

e €y e

x1 =7 —

noocux ~Mm=—"—, moocny "=~ moocnz k=
e, e, e.

B 3aBMCHMOCTH OT COOTHOLIEHHS MeXKITY KO3(DPUIMEHTAMH HCKAXKEHHUS MO

OCSAM pPa3INnv4aroT aKCOHOMETPUYECKUE MTPOCKINU:

1. UzomeTpudeckue, eciiu m = n = k;
2. JlumeTprdecKue, eciu m =k #n unmam = n #Zk;
3. Tpumerpuueckue, eciu m #n #k.

HanmeHoBaHMe pOEKIUii MPOU30IILTIO OT APEBHETPeUecKuX clioB: "isos" —
OJIMHAKOBBIN (M30MeTpHYecKast MPOEKIIHS - MPOSKIUs ¢ ONUHAKOBBIMU KO3 GHULIH-
€HTaMH MCKa)XKeHUs M0 BCeM TpeM ocsiM); "di” — nBoitHOH (IuMeTpudeckas mpoeK-
LU - TPOEKIHUs C ONUHAKOBBIMU KO3((HUIIMEeHTAMH HCKaXEHUS TI0 BYM OCSIM);
"treis" — Tpu (TpUMeTpHUECKas MMPOSKLHUS - MPOSKIHUS C pa3HBIMKU KO3 uireHTa-
MU HCKa)XeHUS 110 BCEM TPEM OCSIM).

B 3aBHCHMOCTH OT HampaBlieHHs MPOCSHUPOBAHHUS M0 OTHOLICHHUIO K TIIOC-
KOCTH aKCOHOMETPUYECKUX MPOeKIuil O aKCOHOMETpPHYECKHEe MPOEKIUU IENSTCS
Ha MPSMOYTOJIbHBIE, €ClM Yrojl mpoelupoBaHus o = 90° U KOCOYroJbHbIE,
o # 90°.

CymmecTByeT cBs3b MeXIy KOI(D(PUIIHMEHTAMH HCKa)XKeHHsI, KOTOpasi B 3aBH-
CUMOCTH OT HaIlpaBJeHHUs MPOCIMPOBAHMS BBIPAXAeTCs CIEAYIONMMH YypaBHe-
HUSIMH:

o 2 2 2 2
JUTSL KOCOYTOJIbHOH aKCOHOMETPHH: m +n +k=2+ctg o
JUTSL IPSIMOYTOJIEHON aKCOHOMETPHH: m+n’ k=2,

B 3aBUCHMOCTH OT TOJIOKEHHSI B IPOCTPAHCTBE OCEi KOOPAMHAT, MIOCKO-
CTH aKCOHOMETPHYECKUX MPOESKIMA W HalpaBleHHs MPOSIMPOBAHHS MOXHO MO-
JIYYUTh MHOXECTBO aKCOHOMETPHYECKHUX MPOSKLHUH, OTIHYAOIIUXCS APYT OT APY-
ra HarpaBJIeHUEM aKCOHOMETPHUYECKUX OCell U MacIuTaboB MO HUM.
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X5, ¥, z; - axonometric co-ordinate axes or axonometric axes;

A; - axonometric projection of the point 4;
a;, a;', a;""- secondary projections of the point 4;
ex, ey, ez - scaled line-segments;

ey, ey, e-;-axonometric (secondary) projections of the scaled line-segments;

Depending on the position of the planes H, W, V, the axonometric projection
plane QO 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:

on the axis x m=—=
eX
. _&n
on the axis y T
)
e
. _ zl
on the axis z k= _e

Depending on the ratio of the coefficient of distortion on the axes, the follow-
ing axonometric projections are distinguished:

1. Isometric projections when m =n = k;
2. Dimetric projections when m =k #norm =n #k;
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 (dimetric projection is a projection of the equal coefficients of
distortion on two axes); “treis” — three (trimetric projection is a projection of dif-
ferent coefficients of distortion on all axes).

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

The relationship between the coefficients of distortion, depending on the direc-
tion of projecting, may be expressed in the following equations:

for oblique axonometry m’ + '+ I =2+ cot 2,
for rectangular axonometry m’ + 1’ + k° = 2.

Depending on the location of the co-ordinate axes, the axonometric projec-
tion planes and on the directions of projecting, the vast majority of axonometric
projections may be different in the direction of the axonometric axes and in their
scales.
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3aHnMaschk Teopureit akcoHomeTprn, HeMmerkuit reometp K. TTombke B 1853
oy MpeIIoKWI TeopeMy, Ha3BaHHYIO OCHOBHOM TeopeMoill aKCOHOMETpHUU:
«JIrobpIe TpHM OTpe3Kka, BEIXOJSIINE M3 OJHON TOYKH Ha ITIOCKOCTH, MOTYT OBITh
MIPUHSTHI 32 MapajulelbHble NPOEKLUUH TPEX PaBHBIX U B3aUMHO MEpHEeHIUKYJISpP-
HBIX OTPE3KOB B IIPOCTpaHCTBe». [lepBoe 0000IeHNe U JOKa3aTeIbCTBO 3TOH Teo-
pembl ObUTO aHo B 1864 . npyrum HeMenkuM reometpoM [ . [lIBapuem. C atoro
BpeMEHH OCHOBHAsl TeOpeMa aKCOHOMETPUH CTalla Ha3blBaThes TeopemMoi [lombke -
[lIBapua.

W3 paccMOTpeHHOTO BhIIIe MOKHO BBIBECTH ONpeesieHHe aKCOHOMETPUU:

Axconomempueil Hazvieaemcs uz0bpadicerue npeomema Ha NIOCKOCMU,
omHeceHHoe K ONpedeleHHOl cucmeme KOOpOUHAmM U BbINOTHEHHOe 8 ONpeodeieHt-
HOM Macumabe ¢ yuemom Ko3pOuyuenmos uckadxicenus.

6.2. NMpamoyronbHas napannenbHas U30MeTpus
[TpsimoyronbHy10 NapanjelbHyl0 U30METPHUIO LIUPOKO MPUMEHSIOT B IMpakTHKe
TeXHUUYECKOT0 uepueHus. B mpsMOyroibHOH W30METpUUYEcKOi mpoekiuu (puc.
6.2) aKCOHOMETPHUYECKHE OCH X1, V1, Z1 O0Pa3ylOT APYyT ¢ Apyrom yrisl B 120°% a
KO3 PHUIIUEHTHI UCKAXECHUS 1I0 BCEM TPeM OCSIM OIUHAKOBBI (m=n=k) U paBHBI

0,82 (;112-|r712+k2 =2; m=n=k= |2 =0,82). OnHaKO U30METPUYUECKYIO ITPOEKIIHIO IS
3

YIPOIIEHNUS, KaK TPaBIJIO, BBIIONHSIIOT MPHUBEACHHOM, TO €CTh NPUHUMAIOT KO3(-
(bULIMEeHTH! UCKaXKeHUs 110 ocsiM m=n=k=1. IIpu 3TOM H300pakeHne MoydaeTcs
yBeJIW4YeHHBIM B 1.22 pasa.

Ocbs z; pacnionaratoT BepTHKaJIbHO, a OCU X1 U )1 — noX yriaom 30° k ropu-
30HTAJILHOMY HalpaBJIeHHIO.

Ecnu, HanpuMep, naHbl OPTOrOHANbHBIE MTPOEeKIUH Touku A (puc. 6.3), To

JUISL TIOCTPOECHUSI N30METPUUIECKON MPOEKIUH 3TOH TOUKU IIPOBOJMM aKCOHOMET-

1 Z pUYecKre OCH TIOA YTJIOM

9o 120° pmpyr x npyry (puc.

6.4). Jlanee ot Havamga Koop-

OUHAT ToYkH O; TIO OCH X1

5 10, 5
"\; OTKITa/IbIBAEM OTPE30K 0/,
3 5 paBHBII KOOpJMHATE X, TOY-
X, hox; 120° J, xu A. Koopaunary x, Gepem
C KOMIUIEKCHOTO 4YepTexa
Puc. 6.2 (Fig. 6.2) (puc. 6.3).

W3 touku a,; npoBo-
UM TIpSAMYIO, MapajielbHyl0 OCH y¢, U Ha Hell OTKJIaJbIBaeM OTPE30K, paBHBII
KOOpJUHATe YA TOUKU A, MOlydyaeM TOUKY a;; U3 TOUYKH a; IPOBOJUM OTPE30K, Ia-
paJIeNIbHBIN OCU z1 U paBHBIA KoopauHare za TOUukU A. [lonyueHHas Touka Aq —
n3oMeTpudecKas poeKL s TOUuku A.
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The principal theorem of axonometry was declared by the German mathe-
matician 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 per-
pendicular line-segments in the space”. The first generalisation and proof of this
theorem was provided by another German mathematician G.Schwarz in 1864.
Since then, the theorem is called the Polke — Schwarz theorem.

The definition of axonometry may be derived from it:

Axonometry 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 isometry 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 to 0.82 (m’+n’+kK'=2; m=n=k= 1@/3=O.82). How-
ever, to simplify an isometric projection, a reduction of the coefficients of distor-
tion is usually applied (m=n=k=1). In this case, the representation obtained is en-
larged by 1.22.

The axis z is positioned vertically, the axes x; and y, - at 30° to the horizon-
tal direction.

Example: To construct an isometric projection of the point 4 given its or-
thogonal projections (Fig. 6.3), draw the axonom etric axes at 120° to each other
(Fig. 6.4). Then from the origin of co-ordinates O, on the axis x; lay off the line-
segment 0,a,; equal to the co-ordinate x, of the point 4. The co-ordinate x, is taken
from the complex drawing (Fig. 6.3).

Z

a)( Xa 0

J
Fig. 6.3 (Puc. 6.3) Fig. 6.4 (Puc. 6.4)

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 4 to obtain the point a;. From
this point (a;) draw a line-segment parallel to the axis z; and equal to the co-
ordinate z4 of the point 4. The point 4, thus obtained is an isometric projection of
the point 4.
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b Puc. 6.5 (Fig. 6.5)

C

ITocTpoeHre u3oMeTpUM MATUTPAHHOM MUpaMHJBI TI0 €€ YepTexy MoKasa-
HO Ha puc 6.5. OmpezensieM KOOpPJUHATHI BCEX TOUEK OCHOBAHUS MUPaMUABL. 3a-
TeM IO KOOpPAWHATAM X U ) CTPOUM H30METPHIO ISTH TOYEK — BEPIIMH OCHOBAHHUS
nupamuasl. Hanpumep, 11 ocTpoeHHUs U30METPUUECKON MPOeKIUH TOUKH A 1o
OCH X1 OT Hayayla KOOpJ1HAT ToukH O; OTKIaAbIBAEM OTPE30K, PaBHBINA KOOPIUHA-
Te xp=a'd'. VI3 xoHIIa OTpe3Ka MPOBOAUM NPSIMYIO, MapaJlIeIbHYI0 OCH )1, Ha KO-
TOPOI OTKIIaABIBAEM OTPE30K, PaBHBIM BTOPOI KOOpAWHATE TOUKHU yp=a'a. [anee
CTPOMM BBICOTY IHPaMHUJBI U HAXOJUM TOUKy Sp - ee BepumHy. CoequHss TOUKY
S1 ¢ Toukamu ocHoBauus 4;, B;, C;, D, E;, noily4yaeM U30METPUIO MTUPAMUJIBL.

Ha puc. 6.6 mpuBeneH npumep NOCTPOSHUS HM30METPHUU ILIECTUTPAHHON
MIPU3MBL.

6.3. NpamMmoyronbHaa napannenbHasa oUMeTpus
B npsiMOyroJbHON IMMETPUU OCh zq - BepPTHKAJbHAS, OCh X1 PACMOJI0KeHa
o yriaoM 7°10°, a och yq - mox yrioMm 41°25° x TOpU30OHTANIBHOM NPSMOH (pHC.
6.7). Koo puimeHTsl HCKaXKeHHS TT0 OCH X1 U z4 IPUHUMAIOT PaBHBIMU -m=k,  a

1
o ocH  y1—B IBa pasa MeHLme—nZEm.
Torma, m*tk*+n’*=m*+m*+(1m)?=2; m=\/§=0.94; n=0,47.
2 9

Ha npaxtuke, kaK IpaBuilo, BBINOJIHSAIOT IPOBEICHHYIO TUMETPHIO, NMpH-
HUMas ko3 dueHTs uckaxenus m=k=1, a n=0.5. B atoM ciy4ae nzobpaxxeHue
yBenuuuBaetcs B 1.06 paza.

Ecnu nana oproronangbHasi mpoeKusi Toukd A (puc. 6.8), To Uit moctpoe-
HUSI IUMETPUYECKOM MPOEKIMU ITOW TOYKH MPOBOJMM aKCOHOMETPUYECKHE OCU
O] 3aIaHHBIM yTJIOM (pHc. 6.9).
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Constructing an isometry 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 isometry of five points - the vertices
of the pyramid base. For example, to construct an isometric projection 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 con-
struct the pyramid height and find its vertex S;. Joining the point S; with the points
A, By, C;, D;, E, obtain the pyramid isometry.

Fig. 6.6 shows the construction an isometry of a hexagonal prism.

4
Z

5,/5(\ |47 =
57 0 \

3
]
X,W27 L2g

2 3
X, y 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 distor-
tion on the axes x; and z, are assumed to be equal (m=k), those on the axis y, -
twice less (n=1/2m).

Then: m’+K+rn’=m’+m’+(12m)P*=2;  m=v8/9=0.94; n=0.47

In practice the reduction of dimetry is
usually used with the coefficients of distortion
P m=k=1, n=0.5. In this case the representation
is enlarged by 1.06.
To construct a dimetric projection of the
7 point 4, given its orthogonal projection (Fig.
6.8), pass the axonometric axes at a given an-
Fig. 6.7 (Puc. 6.7) y, gle (Fig. 6.9).
OTknagpiBaeM II0 OCH X4 OT Hayaja
KOOpJIMHAT OTPE30K 0;d,;, PABHBIM KOOpPAUHATE Xa TOUYKH A. VI3 TOUYKH a,; IpOBO-
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JIFIM TIPSIMYTO, TTapaJUIeNIbHYIO OCH 4 M Ha Hel OTKJIaJbIBaeM OTPEe30K, PaBHBIH IO~
JIOBUHE KOOPAWHATHI YA TOUKU A, TaK Kak KO3()(HULHEHT UCKaXKEHHs IO OCH }q pa-
BeH 0.5. U3 TouKkM a; mpoBOoAUM OTpPe30K a;A;, paBHbII KoopAuHAaTe za. [lonyyaem
TOUKY A4 — AMMETPUYECKYIO MPOEKIINIO TOUKH A.

, V4
a
Zy
X Qy Xy |0
J;
a
y
Puc. 6.8 (Fig. 6.8) Puc. 6.9 (Fig. 6.9)

[MocTpoeHrne pAWMETpHHM TPU3MBI C TPU3MATHYECKHM  OTBEPCTHEM
(puc. 6.10) mokaszano Ha puc. 6.11.

7 Jns  BbLIBIEHWS BHyTpeHHEH (HopMBI
5=6" 78’ JIeTal aKCOHOMETpPUYECKasi TMPOCSKIIHS BEIMOI-
’{'i,\i] HeHa ¢ BbIpe3oM 1/4 (yromn, oOpa3oBaHHBINA ce-
KyIIUMH TIOCKOCTSIMH, BEITTONHSETCS PacKpPhI-
7o | g Txe | 54 TeIM). Tak Kak Jeraqb CHMMETpUYHA, HAdayo

3 koopauHaT (Touky () BBIOMpaeM B IEHTpe
MIPU3MBI U CTPOUM OCH X, J, Z (pHc. 6.10).

AKCOHOMETPHUECKYIO MNPOEKIHIO BbI-

~ MOJIHSIEM B CJIeYIOIIel OCIeI0BAaTEIEHOCTH.
X CTpouM aKCOHOMETpHYEeCKHe OCH U
TUIOCKHE (PUTYDBI, MONYYeHHBIE MpPU CEHYCHUH

Jetanu miockoctamu xOz u yOz (puc. 6.11-1).
> 8 O0603HaYUM BepIIMHBI HMXHETO OCHO-
Xy Xy 4 BaHUs (ToukH /, 2, 3, 4) U CTPOUM aKCOHOMET-
y puueckue npoekuun Touek 2, 3, 4. Crpoum
Puc. 6.10 (Fig. 6.10) BEepXHee OCHOBaHWE NPU3MBI, MPOBOIS W3 TIO-
Jy4eHHBIX TOYEK OTPE3KH, MapajjiesbHble OCH
z4, ¥ OTKJIaJbIBacM Ha HUX BBICOTY NPHU3MBI Zy

Vs

Yu

(puc. 6.11-2).

B BepxHeM OCHOBaHHMH 0003HAYHMM BEpPIIMHBI TPU3MATHYECKOTO OTBEPCTHS
(Toukxu 5, 6, 7, 8) U CTPOUM aKCOHOMETPHUECKHEe MPOeKIUU Touek 6, 7, 8. U3 atux
TOYEK TPOBOAMM JIMHHH, TTapalUIebHbIe OCH zq, ¥ Ha HUX OTKJIaJbIBAeM Zp- TITyOH-
Hy oTBepcTus. [loydeHHbIe TOUYKH COeTUHSIEM TOHKMMH JUHUIMU (puc. 6.11-3).

OOBoMM BHIUMBIC JIMHUM YepTexxa W yOHWpaeM BCIIOMOTaTelbHBIE I0-
ctpoenus. [IpoBoaMM JIMHUM IITPUXOBKU cedeHui (puc. 6.11-4).

118

On the axis x; from the origin of coordinates lay off the line-segment o0,a,;
equal to the coordinate x, of the point 4. 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 coordinate y, of the point 4.
From the point al pass the segment a;4; equal to the coordinate z,. The point 4;
thus obtained is the desired dimetric projection of the point 4.

Construction of a dimetry 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 com-
pleted with a notch % (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 obtained by cutting the
detail with the planes xOz and yOz (Fig. 6.11-1)

Designate the vertices of the lower base (the points /, 2, 3, 4) and construct
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).

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. From the
obtained points pass the lines parallel to the axis z; and lay off on them the depth
of the opening z. Join the points thus obtained with the thin lines (Fig. 6.11-3).

Outline the visible lines of the drawing and take away the auxiliary construc-
tions. Draw the cross-hatching lines (Fig. 6.11-4)

s

Z1

/i
Fig. 6.11 (Puc. 6.11)
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JIMHUAM IOTPUXOBKH CEYEeHHH B aKCOHOMETPHUYECKHX MPOEKIUSX HAHOCST
napajjieJIbHO OJIHOM U3 AMaroHaiei NpoeKLUUid KBaapaToB, JIeXkKaIUX B COOTBETCT-
BYIOIINX KOOPIWHATHBIX IUIOCKOCTSIX, CTOPOHBI KOTOPBIX ITapaJUIeNIbHBI aKCOHO-
METPUYECKUM OcsiM (pHc. 6.12 - s u3oMeTpuH, puc. 6.13 - 1t TUMeTpun ).

A

Y
1
Puc. 6.12 (Fig. 6.12) Puc. 6.13 (Fig. 6.13)
6.4. U3o6paxeHne OKPYXHOCTU U WIapa B NPAMOYrofibHON

aKCOHOMeTpuun

OKpy>XHOCTb B aKCOHOMETPHUH B OOIIEeM Cilyuyae MpoeLupyeTcsl B 3JUIHIIC.
[Tpu mocTpoeHuy 3yMIca HeoOXOJUMO 3HATH HaIlpaBJIeHHEe ero oceil M UX pa3Me-
pbl. Hago moMHMTB, 4TO Malnas OCh JJUIMIICA BCerja JOJDKHA ObITh MepHeHINKY-
JsipHA OOJIBILION.

[py MOCTPOESHHUH MPOEKLUH OKPYKHOCTH, Jiexallleil B OAHOM W3 KOOpIHu-
HaTHBIX IUIOCKOCTeH, Majlasi OCh 3JUIMIICA HAalpaBjleHa NapaulelIbHO aKCOHOMETPH-
YecKoi OcH, He yJacTBYoLleil B 00pa30BaHUH INIOCKOCTH, B KOTOPOH BBIIIONHSIOT-
cst moctpoeHusi. COOTBETCTBEHHO, OOJBIIAs OCh IUTHIICA e TepIIeH UKy IsIpHa.

N3omeTpuueckas NpoeKLUs OKPYKHOCTH

IIpn nocTpoeHNH TOYHOW aKCOHOMETPUH OKPYXHOCTH BEJIMYHMHA OOJBIION
OCH DJUIMIICA PaBHA BeIMYMHE AMaMeTpa 3TOH okpyxHocTH. [Ipu moctpoeHuun
[IPUBEICHHON aKCOHOMETPUU pa3Mephl yBeauuuBaroTcsa B 1.22 pasza, IO3TOMY Be-
JMMYMHA OONBIION OCH 3juuica cocrasisier [.22D, a BenuuuMHa Majoil ocu —
0.71D. Ha puc. 6.14 nokasan rpadudeckuii cocod ompeseneHus: pa3MepoB ocei
amarica. BerdepunBaeM okpy)HOCTE muamerpa D, xopna AB = 0.71D (Benu4uHa
Manoi ocu amunca). [IpuHsB 3a eHTp Touku 4 U B, paauycoM, paBHbIM AB, mpo-
BOJAUM JI0 B3aUMHOI'0 IepecedeHus Iyru U MolydeHHble Toukd £ u F coequHseM
npsMoii nmuuuel EF=1.22D (Benu4uuHa OOJBIIONH OCH AIJIHUIICA).

ITocTporM aKCOHOMETpPHUECKHE OCH X1, V1, Z1 U B IIIocKocTH x;0,z; 3a1a-
JMM HarpaBiieHrne 0oJblIoit 1 Mainoi oceld (puc. 6.15). OTIOXKKUM BeTHMYUHBI, paB-
Hble anuHe Oonblnoit EF u manoil AB oceil annurca, KOTOpble MepeceKaroTcss B
LeHTpe amunca - touke O,. Uepes 3Ty TOUKy, MapajulenbHO OCSIM X1 U Z1, 00pa-
3YIOIIMM JIaHHYIO IUIOCKOCTB, IIPOBOJUM IIpSIMBIE M HA HUX OTKJIaJbIBaeM 3Haue-
HUs, paBHble AuameTpy D okpyskHocTH. COeIMHUB MOTyYeHHble 8 TOYEeK, MOTy4YUuM
anyunc. [ mocTpoeHus 3IJUIMIICa MOXHO BOCIIONB30BAThCs U KaKUM-THOO Apy-
T'MM M3BECTHBIM METOJIOM.

[TocTpoeHne 3JUTUIICOB B JPYIMX IUIOCKOCTSIX HE OTJIMYAETCSl IO CBOEMY
XapaxTepy, MeHseTcsl TOJIKO HalpaBlieHHe OONBIION U MaJol ocell syuumnca.
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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-for isometry, Fig.
6.13 - for dimetry).

6.4 Representation of a Circle and a Sphere in Axonometry

A circle in axonometry is generally projected in an ellipse. When construct-
ing 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 axonomet-
ric axis which does not participate in the formation of the plane the drawing is in.

Isometric Projection of a Circle

When an accurate axonometry of a circle is constructed, the length of the el-
lipse major axis is equal to the diameter of the above circle. When a reduced
axonometry is drawn, the dimensions are enlarged by /.22, so the ellipse major
axis’ length makes /.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 di-
ameter D, the chord 4AB=0.71D (the length of the ellipse minor axis). Assuming the
points 4 and B as the centre, with the radius equal to 4B draw the arcs to meet each
other in £ and F. Join the obtained points with a straight line. EF=1.22D (the

length of tha allinca mainr axis).

Fig 6.14 (Puc. 6.14) 7
1

07w 1220

X

Fig. 6.15 (Puc. 6.15)

Construct the axonometric axes z;, y;, z; and specify in the plane x;, 0,, z;
the directions of the major and minor axes (Fig. 6.15). Lay off the segments equal
in length to the major EF and the minor AB axes, to meet in the centre of the el-
lipse - 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 values equal to the diameter D
of the circle. Join the obtained & points to get an ellipse. 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.
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ﬂumeTqueCKaﬂ npoeKuust OKPpy>XHOCTHU

B otnmune ot nzoMerpun, rae BeIWIUHBI OOIBINON U MaJIoi oceil anumca
OCTalOTCSI OAMHAKOBBIMM HE3aBUCHMO OT IUIOCKOCTH, B KOTOPOH pacroNokeHa OK-
PYKHOCTb, B JUMETPHUU NOCTOSHHOW OCTaeTcsl TOJBKO BENMYMHA OOJBIIOI ocH,
paBHast /.06D. B mnocKoCTAX ropu3oHTanbHON H W npoduibHoi W - Manas och
amurica coctapisieT 0.35D, a B INIOCKOCTH (PPOHTAIBHON V- Majas och paBHSETCS
0.94D.

Jlns onpenenieHnst BeMMUYMH oceil aiumunca rpaduyeckuM crocoboM Io-
CTPOHM TIPSIMOYTOJIBHBIA TPEYTONBHUK (pHC. 6.16).

Karets! TpeyronsHuka coctaBmsitor 100 mm u 35 mm. ['mnorenysa mpu
3ToM paBHsiercst 106 MM. Eciii MBI OTII0)XKMM 10 GOJNTBIIOMY KaTeTy 3Ha4eHHe, paB-
HOe JMaMmeTpy OKpykHocTu D (otpe3ok AB), To orpe3ok BC Oyner cocTaBisiTh
0.35D, T0 ecTb OyAeT paBeH 3HAYCHHUIO MAJIOH OCH JJUTHIICA JUIS TIOCKOocTel H u

;[ @
Puc. 6.16 (Fig. 6.16)

Otpesox AC paseH [.06D, TO ecTb 3HaUEHHIO OOJBIION ocH 3iutunca. Ecimum
MBI OTJIOKMM BeNWYMHY AuaMeTpa D 1o runorteHyse (oTpe3ok AK), 3aTeM nu3 Tod-
k# K OIMyCTHM TIepIIeHANKYJISIp Ha OONBIION KaTeT TPEeyrojJbHHUKaA, TO OTPe30K AE
Oynet paBeH 3HaueHHUIO (.94D, TO ecTh BeNWYMHE MAJOH OCH BIUTUIICA JUIS TIJIOC-
xoctu V.

N3o0paxeHne OKpy>KHOCTH B IIPSIMOYTOJNBHON AUMETPHUUYECKOH MPOEKIHH
1oKa3aHo Ha puc. 6.17.

Hanpumep, 11 mocTpoeHHs OKpY>KHOCTH B IIOCKOCTH V uepes Touky O,
TapaJuleNIbHO OCSIM X; U z; MPOBOJVM IIpSMble U Ha HUX OTKJIa[bIBa€M BEJINUUHEL,
paBHBIe TUaMeTpy OKpy)XHocTH. Ha nuHHMH, IpoBeeHHON napajuieIbHO OCH ) —
3HavyeHue, paBHoe ().94D (BenmuuHy Maioil ocw aiiurca). [lepreHankynspHo mMa-
JIOH CTPOUM OOJIBILYIO OCh JJUTUIICA, paBHYIO /.06D. MOTy4YeHHbIe TOUKH COSMHS-
€M IJIaBHOM JTMHUEN.

N306paxeHue wapa u Topa

B npsmMoyronpHO# mapaiienbHOW aKCOHOMETPHUHU ILIap M300pa)kaeTcst OK-
pyxHocTbto. [Ipy mocTpoeHuy 1mapa Mo HaTypallbHBIM MOKa3aTeNsiM HCKaKeHUs
€ro akCOHOMETPHUYECKOH MpoeKnueit OyneT KpyT ¢ AuaMeTpoM, paBHBIM JTHAMETpPy
n300pakaeMoro mapa.

IIpu mocTtpoeHuM H300pa’keHMs IIapa MO IPUBEIEHHBIM IOKa3aTelsM,
IMaMeTp OKPYXXHOCTH YBEIMYMBAETCS B COOTBETCTBHM C yBeIM4YeHHEM Kod(u-
LIMeHTa MIpUBeIeHUs: B U30MeTpHH - B 1.22 paza, B numeTpuu — 1.06 paza.
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Dimetric Projection of a Circle

In contradiction to the isometry where the sizes of the ellipse major and mi-
nor axes remain equal whatever the plane of the circle is, in dimetry only the
length of the major axis is always constant (/.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.

The line-segment AC is equal to 7.06D, that is to the length of the major el-
lipse axis. If we lay off the length of the diameter D (the segment 4AK) on the hy-
potenuse 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 mi-
nor axis on the plane V.

106 O

05940

X 0350

Jij
050

106 0 Y

Fig. 6.17 (Puc. 6.17)

The representation of a circle in the rectangular dimetric projection is shown
in Fig. 6.17.

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 axonometry, a sphere is represented as a circle. When
a sphere is constructed by the true values of distortion, its axonometric 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.
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Puc. 6.18 (Fig. 6.18)
Ha puc 6.18 nokazana u3omeTpuyeckasi MPOEKIUsl TOpa, BHITIOJIHEHHAS C
MTOMOIIIBIO BIIUCAHHBIX B HETO BCIIOMOTATEIBHBIX cdep.

6.5. KocoyronbHble akcoHOMeTpUMn
CDpouTaanaa U3omMeTpuyeckKkas npoekuus

ITonoxeHne akCOHOMETPUUECKUX OCel M0Ka3aHo Ha puc. 6.19.

JlomyckaeTcss IpUMeHSITh ()POHTATBHBIE U30METPUIECKHe TPOSKIMH C yT-
JIOM HakJIoHa ocH ¥4 B 30° 1 60°. OpoHTATBHYIO H30METPUUECKYIO MPOEKIIUIO BbI-
MIOJTHSIFOT 0€3 UCKaXKEHHUSI TI0 OCSM X1, V1, Z1.

OKpy)XHOCTH, JIe)Xalllie B IUIOCKOCTSX, MapauleNbHBIX (POHTANBHON
IUTOCKOCTH MPOEKIHH V, mpoenupyroTcss Ha aKCOHOMETPUYECKYI0 IIIOCKOCTh B
OKpy)HOCTH. OKpPYKHOCTH, JIeXKAIlHe B TUIOCKOCTSX, MapajuIeTbHBIX MIOCKOCTIM
Hwu W - B anwarnicsr (puc. 6.20).

bonpmas ock smmurcos 2 u 3 coctaBnsget /.3D, a manas ocs — 0.54D, rae
D — mnametp oxpyxHOCTH. bonbImas ock syunncoB 2 u 3 HampaBieHa MO OHCCeK-
TPUCE OCTPOrO yria MeXAy NpSIMBIMH, NapauieIbHBIMH aKCOHOMETPHYECKUM
OCSIM M TTPOXOISIIAMHE Yepe3 LEeHTPHI IUTUTICOB.

NN NN

Puc. 6.21 (Fig. 6.21)

Jleranb Bo (ppOHTANBHOM H30METPUH CIIyeT pacroarath 10 OTHOLICHHIO
K OCSIM Tak, YTOOBI CIIOKHBIE TUIOCKHE (PUTYPBI, OKPYKHOCTH, TYTH TUIOCKUX KpH-
BBIX HaxXOJWIIUCh B TUIOCKOCTSIX, MapajuIeIbHbIX (PPOHTATBHON TIOCKOCTH MPOEK-
uuit. Torma ux MoCcTpoeHHe yIpolaeTces, Tak Kak OHH n300paxkatoTcs: 0e3 ncKaxe-
Hus (puc. 6.21).
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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 admissible to apply the frontal isometric projections with the angle of
inclination of the axis y; of 30° and 60°. The frontal isometric projection is com-
pleted without distortion on the axes x,, y;, z;.

Z;
&
X, 0
o/
Vi
Fig. 6.19 (Puc. 61019) Fig. 6.20 (Puc. 6.20)

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 paral-
lel to the planes H and W, are projected as ellipses (Fig. 6.20).

The major axis of ellipses 2 and 3 makes /.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.

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 located in
the planes parallel to the frontal projection plane (Fig. 6.21). In this case their rep-
resentations are distortionless and the drawing work is simpler to do.
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®poHTanbHasi AMMeTpUYeckas NpoeKLUs
[lonoxxeHne aKCOHOMETPUYECKHX OCell Takoe e, KaKk y (pOHTaIbHOU

HA30METpUIeCcKOl TIpoeKIuu (puc. 6.22).
Z

[\

X, 0y

Puc. 6.22 (Fig. 6.22) Puc. 6.23 (Fig. 6.23)

JlomyckaeTcss IpUMEHSTh (POHTAIBHBIE AMMETPUYECKHe NMPOESKIUHU C yT-
JIOM HakJIoHa ocH 1 B 30° u 60°.

Koaddumuent rckaxeHnus mo ocu y4 paseH 0.5, o ocsiM x4 A z4 - 1.

OKpy)XHOCTH, JIe)Xallie B IUIOCKOCTSX, MapauIeNbHBIX (POHTAIBHON
TUTOCKOCTH MTPOEKLUH ¥/, MpoenupytoTcss Ha aKCOHOMETPUYECKYIO TNIOCKOCTb B OK-
PYKHOCTH, & OKPY>KHOCTH, JIeXalllie B IUIOCKOCTSIX, NapalielIbHbIX TOPHU30HTab-
HoW H v mpodritbHON W MIOCKOCTSM MPOEKIHi, — B 3JUIUICH (puc. 6.23 — 6.24).

Bonapmas ock smmmncoB 2 u 3 AB = 1.07, a manast ocb — CD = (.33 nua-
MeTpa OKpy)XHOcTH. bornbIast ock ayunnca 2 HaKJIOHeHa K TOPU30HTAIBHON OCH X
mox yrioM 7°14', a Gonbliast 0ch 3JUIHICA 3 — TIOJ] TeM K€ yIIIOM K BepTHKAJIBHOMN
ocH z1.

Bonpochl k rnaBe 6

B 4em cyTh criocoba akcOHOMETPHUYECKOT0 MPOSLMPOBaHUS?

CdopmynupyiiTe OCHOBHYIO TEOPEMY aKCOHOMETPHH.

Yro HazpiBaeTcst KO3 UIUEHTAMH NCKAKESHUS?

Kak cBsi3anbl Mexay co00it K03 GUIUESHTHI HCKaXKSHUsI?

Kak pazgensroTcss akcoOHOMeTpHYEeCKHe NMPOEKIMH B 3aBUCHMOCTH OT Ha-

HpaBJieHUs] TIPOSLIUPOBAHKS U OT CPaBHUTENBHOMN BEIMYMHBI KO QHUIIEH-

TOB MCKa)XeHUs?

6. Kak ompeznensercss HampabieHHe OOJIBIION M Majoi Ocell 3IUIUIICOB, SB-
JISTFOILUXCS] U30METPUUYECKOH U AUMETPUUECKOH NMpOoeKIiel OKPYKHOCTU?

7. Kaxas nuHus sBIsIeTCS 04€PKOM aKCOHOMETPHUUYECKOH MPOSKIMH 11apa?

8. Uemy paBHBI KOI(Q(UIMEHTH HCKaXEHHs B KOCOYTOJbHON (hpOHTAIBHOU
U30MeTpuu?

9. Ha3oBure k03()(HULHEHTH MCKaXKEHUS] B KOCOYTOJNBbHON (DpOHTAIBHOW JH-
MeTpHH.

10. Kak cTposiTcsi OCH B KOCOYT'OJIbHON aKCOHOMETPHUU?

VR WDD =
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The Frontal Dimetric Projection

The location of the axonometric axes is similar to that of the frontal isomet-

ric 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 /.

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. 6.23-6.24).

The major axis of ellipses 2 and 3 is /.07, the minor one - 0.33 of the circle
diameter. The major axis A4;B; of ellipse 2 is inclined to the horizontal axis x; at the
angle of 7°/4', the major axis of ellipse 3 - at the same angle to the vertical axis z,.

Fig. 6.24 (Puc. 6.24)

Questions to Chapter 6

What is the essence of the method of axonometric projection?

Formulate the principal theorem of axonometry.

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 direction 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 dimetric projection 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 isome-
try?

9. Name the coefficients of distortion in an oblique frontal isometry?

10.What is the way of constructing the axes in an oblique axonometry?

A
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