MABA 3. TOYKA U NMPAMASA

JIyis ToTHOTO BEISIBIICHUS HAPY)KHBIX W BHYTPEHHHX (hopM meraneil M mx
COeMHEHUH 1 JUIsl pellleHus psijia IpyTHX 3a1a4d OblBaeT He0OXOIMMO TpH U Oolee
n3obpaxxernii. [loaTroMy BBOAAT TpH U OoJiee MIOCKOCTH MPOSKIUit.

BBenem B cuctemy miockocteit H u V TpeTblo, UM NepIeHIUKYISIPHYIO

4 IUIOCKOCTh. DTy INIOCKOCTb HAa3bIBAalOT NPOMUIBHOM
IUIOCKOCTBIO TIPOEKIMH U 00o3Ha4atoT OykBoit W
(puc. 3.1). IInockocts W nepecexaeT MIOCKOCTb /H U
V o nuHMAM (OCsIM TpoeKIwii) y u z. Touky mepece-
YeHUsI BceX Oocell Ha3bIBAlOT HAYaJOM KOOPAMHAT U
ob6o3HavaroT OykBoit O (HauanbHast OyKBa JIATHHCKOTO
crnoBa «origo» — Havyano). Ocu X, y, z B3aUMHO Iiep-
MIEHAUKYISIPHBL.

Tpu B3aMMHO-TIEpHIEHUKYISIPHBIE TNIOCKOCTH
JIeNsT MPOCTPAHCTBO Ha BOCEMb yacTeil, BOCeMb OK-
TaHTOB (OT JIATHHCKOT'O CIIOBA OCf0» — BOCEMB).

B nameii crpase, Kak ¥ B OOJIBIINHCTBE €BPO-
MeWCKUX CTpaH, NMPHHSATA TpaBas, TaK Ha3blBaeMasl eBpOIelcKasl CUCTeMa PacIio-
noxeHus npoekuuit. Ock x HalpaBieHa OT Hadaja KOOPAMHAT BJIEBO, Y — BIepen
(x Ham), z — BBepX. OOpaTHbIEe HaNpaBiIeHUs] KOOPAWHATHBIX OCel CUUTAIOTCS OT-
pHUIIATENBHBIMH.

Puc. 3.1 (Fig. 3.1)

3.1. YepTex TOUKM

[IpsiMoyronbHble MPOEKLUN TOUYKH 4 Ha IUIOCKOCTSIX mpoekuuid H, Vu W
MOJyJalOTCSl KaK OCHOBAHMUS NEPIIEHANKYIISIPOB, OMYIIIEHHBIX U3 JaHHOI TOYKH Ha
Ka)XIyl0 U3 INTIOCKOCTEN IPOEKIUI:

a — TOpU3OHTaJIbHAS;

a' — GpoHTaTBHAS;

a' — npoduibHasl.

Z PaccmoTrpeHHoe HarmsiiHOe H300pakeHHe

i 4 TOUKU B cucTeMe miockocteit H, V' u W (puc. 3.3)

4 B JUIsl TIenell YyepueHus: HeyJJOOHO BBUIY CIIOKHOCTH.

7 [Ipeobpa3yem ero Tak, 4ToOBI TOPH3OHTABHAS W

0 npopuIbHasl IUIOCKOCTH NPOEKIHMH COBHAIH C

(hpOHTATBHOM INIOCKOCTBIO TIPOEKIMH, 00pasys oa-

7 a) HY IJIOCKOCTh uepTexa (puc. 3.4).

y 310 npeobpa3oBaHKe OCYIIECTBISIOT IyTeM
MIOBOPOTa BOKPYT OCH X IuockocT H Ha yroa 90°
BHU3 U miockoctd W Ha yron 90° BnpaBo BOKpYT

ocH z. B pesynbpTare ykazaHHOI'O COBMEIIIEHHUS TNIOCKOCTEH MOTydaeM uepTex, u3-

BECTHBII 110]] Ha3BaHUEM 31mop Monxa («epure» ((paHIl.) — YepTeXK, IIPOESKT).

AN

v/
Puc. 3.3 (Fig. 3.3)
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CHAPTER 3. THE POINT AND THE STRAIGHT LINE

To obtain a clear understanding of the all external and internal forms of the
components and their joints as well as to be capable of solving other problems, it
is usually necessary to have three or more views of each detail. That is why there
can be three or more projection planes.

Into the system of the planes H and V, let us introduce one more plane, per-
pendicular to them. This plane is called the profile projection plane and is denoted
by letter W (Fig. 3.1). The plane W intersects the planes A and V along the lines y

Ve and z (axes of projection). The intersection point of

z vl all axes is called origin of co-ordinates and is des-

Y ignated by letter O (the first letter of the Latin word

/ % “ «origo» which means «origin»). The axes x, y, z are
0 mutually perpendicular.

The three mutually perpendicular planes di-

N vide space into eight parts, eight octants, Fig. 3.2

Vs ¥y Vi (from Latin «octo» — «eight»). Most of the Conti-

v Vil nental countries adopted the right-handed system,

_z the so-called “European system of projection posi-
tioning”. The axis x is directed to the left from the
origin of co-ordinates, y — forward (to us), z - up-
ward. The opposite directions of the co-ordinate axes are considered negative.

3.1. The Point Drawing

Rectangular projections of a point (in the H, V and W planes) are always ob-
tained as the bases of perpendiculars, dropped from the given point onto each of
projection planes:

a — horizontal;

a’— frontal;

a”’— profile.

v

////

Fig. 3.2 (Puc. 3.2)

Representation of a point in the system of the
planes H, V and W shown in Fig. 3.3, is too complex
Uz and, therefore, is inconvenient for drawing. Let us

convert it so that the horizontal and profile planes
will coincide with the frontal projection plane, form-
Oy 0 Qyy ing one drawing plane (Fig. 3.4).

Y Such a conversion can be realized by the rota-
tion of the plane H around the axis x down at the an-
gle 0f 90°, and of the plane # to the right around the
axis z, at the angle of 90°. As a result of the above
¥, coincidence obtain the drawing known as «epure of
Fig. 3.4 (Puc. 3.4) Monge» or “orthographic drawing of Monge” (from

French “epure” — drawing, projection).

4

a  ay 45°
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Iepeiins x smropy, Mbl yTPaTUIIM MPOCTPAHCTBEHHYIO KapTUHY Paclolo-
JKEHUS TII0CKOCTeH mpoekuuii 1 Touku. Ho smiop obecreunBaeT TOYHOCTh U YAO-
60oM3MepUMOCTh N300pakKeHN it TPU 3HAYUTEIBHON IIPOCTOTE TIOCTPOCHUH.

B nansheiiem smop MoHxka, a Takke NPOEKLUOHHbIE YEPTEXKU, B OCHOBE
KOTOPBIX JIEXKUT MeTox MoHxa, OyJeM Ha3bIBaTh OJHUM CIOBOM — 4epTex (Min
KOMIUIEKCHBIH YepTexK).

Topu3oHTabHas U QPOHTANBHAS MPOSKLUHU TOUKH (@ ¥ @') pachoioKeHbl
Ha OHOM IIePIICHANKYISIpe K OCH X — Ha JIMHUH CBSI3U aa’, ppOHTAIBHAS U TIPO-
¢unpHast nmpoekuus (@' U @'') — Ha OJJHOM MEPIEeHIUKYJISIpEe K OCH z — Ha JINHUH
cesua'a’.

[NocTpoeHne npopuIbHOM NPOSKLUH TOUYKH N0 ee (POHTAIBHON U FOPU30H-
TaNbHOW MPOEKLHUsIM MoKa3aHo Ha puc. 3.4. IIpu mocTpoeHHH MOKHO BOCIIOJNB30-
BaThCs WM AYTOH OKPYXKHOCTHU, IPOBOAUMOM U3 ToUkH O, UK GUCCEKTPUCOH yT-
na y;Oyy. TlepBBlit U3 yKa3aHHBIX CIIOCOOOB IPEIITOYTHTENEH KaK 00Jiee TOTHBIH.

Takum 00pa3zoM, Ha KOMIUIEKCHOM YepTeXe, COCTOSIIEM W3 TpeX OpTOoro-
HaJIbHBIX IPOEKLIUNA TOUKHU:

ABC MPOCKIMKU HAXOOATCA Ha OZ[HOﬁ JIMHUHU CBA3H,

JIMHWUU CBA3U NEPNEHAUKYISIPHBI OCAM HpOCKHHﬁ;

JABE MPOCKIUH TOYKHU ONPEACIAIOT IMOJIOKEHUE €€ TpeTBeﬁ IIPOCKIUH,
JABE MPOCEKIHHU TOYKU ONPEACTAIOT MOJIOKEHUE TOUKH B IIPOCTPAHCTBE.

[ono)xxeHne TOYKHM B MPOCTPAHCTBE 3a7aeTcs MPH IIOMOIIH TpeX ee Koop-
nuHAT (aOCIMCCHI X, OPAUHATHI ) ¥ alllIMKATHI Z), TO €CTh TPeX YHCe, BhIpakaro-
IIAX PacCTOSHUE OT 3TOH TOYKH A0 KOOPIAMHATHBIX IUIOCKOCTeH mpoeknwii. 3a-
MUCh KOOPANHAT TOYKH MTPOU3BOMAT B Takoi Gopme: 4 (x, y, z).

[To OTHOWIEHUIO K IIOCKOCTSIM MPOEKIMH TOUYKa MOXKET 3aHUMaTh Kak 00-
miee (Touka A4), Tak ¥ yactHeie (Touku B u C) monoxenus (puc. 3.5). Y Toukw, je-
JKalled B IIIOCKOCTH MPOEKLUH, [Be ee MPOEKIMH JIeXKAT Ha OCSX MPOeKIUi (To4-
Ka B). Y Takoll TOUKH O/lHa ee KOOpJMHATa paBHa HyJo. Touka, NpUHaIIeKamas
OJTHOBPEMEHHO JIBYM ILJIOCKOCTSIM HpoeKiuii (Touka C), JeKHUT Ha OCH MPOEKLH.
JlBe ee MpoeKInHU COBIAAIOT, @ TPEThs COBIAgaeT ¢ TOUKOH O — HadaloM KOop-
JvHaT. B 9TOM cily4yae HyInio paBHBI JBe ee KOOpAWHAThl. To4Ka, NpUHaIeKalas
TpEeM IUTOCKOCTSIM ITPOEKINHi, pacroio)keHa B Havaye KOOpAUHAT.

Takum o06pa3oM, BeTHUMHBI OTPE3KOB JIMHUI CBSI3U Ha depTexe ompese-
JSIIOT YHCJIEHHOE PAacCTOSHHME NPOeNUpyeMON TOYKHM IO IUIOCKOCTH IPOEKIHUH.
OTpe3ok aya yKa3bIBaeT, Ha KaKOM pacCTOSHUH (TIIyOHHE) pactoyiodkeHa TOUKa OT
(pOHTANBHON TIOCKOCTH ITPOEKLHUH, OTPE30K axa’ — pacCTOsiHUE (BBICOTY) OT TOY-
KM JI0 TOPU30OHTAIBHON IUIOCKOCTH MPOEKLHUI U OTPe30K a'a, — pacCTOsIHUE OT
TOYKH 0 MPOGUIEHON TITOCKOCTH NpoeKuid (puc. 3.4).

Having used the orthographic drawing we have lost the spatial picture of the
projection planes and point positioning. But epure ensures representational preci-
sion and convenience of dimensioning, at a considerable simplicity of drawing.
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For simplicity, epure of Monge as well as projection drawings based on the
method of Monge are called drawings (or complex drawings) in this book.

Horizontal and frontal projections of a point (a and a') are situated on one
perpendicular to the x-axis - on the connection line aa'; frontal and profile projec-
tions (a’ and a'’) are situated on one perpendicular to the z-axis - on the connection
line a'a".

Construction of a profile point projection, given its frontal and horizontal
projections, is shown in Fig. 3.4. For the construction one may use either a circular
arc passed from the point O, or bisectrix of the angle y;Oyy. The first of the meth-
ods is more preferable as it is more precise.

Thus, in a complex drawing consisting of three orthogonal point projections:
two projections are situated on one connection line;
connection lines are perpendicular to the projection axes;

two projections of a point specify the locus of its third projection;

two projections of a point specify its locus in space.

The location of a point in space is specified by means of its three co-
ordinates (abscissa x, ordinate y, applicate z), i.e. of three figures showing the dis-
tance from this point to the co-ordinate projection planes. Recording of the point
co-ordinates is made in the following form: A(x,y,z).

In regards to the projection planes a point may have a general (the point 4) or par-
ticular (the points B and C) position (Fig. 3.5). If a point is located in a projection
plane, its two projections lie on the projection axes (the point B). One of the co-
ordinates of such a point is equal to zero. A point belonging to two projection

7 planes simultaneously (the point C) lies on a

b’ b projection axis. Its two projections coincide,

7] a, a” the third one merges with the point O, origin of

co-ordinates. In this case two of its co-

, T ordinates are equal to zero. A point belonging

X (=C ay| Jo=c” Jw to three projection planes is situated in the ori-
b / gin of co-ordinates.

Therefore, the sizes of the connection

a Iy lines segments in a drawing specify the nu-

merical distance from a projection point to a

Fig. 3.5 (Puc. 3.5) projection plane. The segment a,a shows the

distance (depth) from the point to the frontal

projection plane, the segment a,a’ - the distance (height) from the point to the

horizontal projection plane, and the segment a’a, - the distance to the profile pro-
jection plane.
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3.2. BzauMmHoe nonoxeHue OBYyX TOYEK.
YcnoBusi BUAMMOCTU Ha YepTexe

PaccmoTpuM  yepTex  Mojend,
c’=d’ u300pakeHHON Ha puc. 3.6. ITpoekiuu
HEKOTOPBIX TOYEK COBMNAAAIOT, TaK Kak
OHHM PACMOJOXEeHbl Ha OJHOH MpOelH-
pyrouieit npsimoii. Hampumep, Ha ropu-
30HTaNbHOHN IMJIOCKOCTH CJIMIIUCH B OIHY
TOYKY a U b mpoeKkuu BepmuH 4 U B —

d OHM Jie)KaT Ha OJHOW TOPU3OHTAIBHO-

npoennpyrommei npsimoii. Ha ¢ponTams-

B HOM TJIOCKOCTH COBMAJU MPOEKIHUH ¢’ U
a=h C d’BepmH C 1 D — OHH JIeXaT Ha OJTHOM

(hpOHTATBHO-MPOSIUPYIOLIEH TPSIMOU.

Touxy, nexxamye Ha OJHOW MpO-
eLUpYIoLIe MpsSMOM, Ha3bIBAlOT KOHK)-
pupyrowumu. A 1 B — ropu3oHTaIbHO-KOHKYpUpytomue Touku, a C u D — ¢ppoH-
TalbHO-KOHKYPUPYIOIIHE TOUKH U T.A.

SIcHO, YTO eci JIBE TOYKHM JIeKaT Ha OHOM NpOeIHpyIoLel MpsSMOH, TO
OJlHa U3 HUX 3aKpbIBaeT Apyryro. Kak ompenenuTs, kakas U3 HUX OyAeT BUAUMAs U
Kakas HeBHIUMas?

W3 n1ByX TOpHU30HTAIbHO-KOHKYPUPYIOIIMX TOYEK Ha TOPU3OHTAIbHON
IUIOCKOCTH BUJMMA Ta, KOTOpas pacloyio’keHa B IPOCTPAHCTBE BhIIIE.

AHanuzupys rnonoxeHne (GpOHTANBHBIX MPoeKui Touek (puc. 3.7), onpe-
JensieM, 4To Touka 4 uMeeT OONBLIYI0 KOOpPIUHATY z, ueM Touka B. CienoBarens-
HO, TOYKa A pacIojioXeHa BBIIIe TOUYKA B ¥ NMpU MPOSHUPOBAHWN Ha TOPU3OH-
TalbHYIO0 IUIOCKOCTb MPOEKIUH 3akpoeT Touky B. Touka 4 Ha rOpU3OHTaNBHON
IUIOCKOCTH BUAWMA, TOuKa B — HeBuanma. Ha ¢poHTansHO#M miockoctu oHK 00e
BUJVMBI.

W3 nByX (pOHTAIBHO-KOHKYPUPYIOIIMNX TOYEK Ha (POHTANBHOU IIIOCKO-
CTH TIpoeKIMi OyIer BUAMMa Ta, KOTOpasi pacnosiodkeHa Oimke K HaOIromaTelo,
CTOSAIIEMY JIULIOM K (PPOHTATBHON INIOCKOCTH MpoeKIui (puc. 3.8).

Kakas u3 HuX Onmxe K HaOIIOIATEIN0, MOXKHO ONPEIETINTh 110 TOPH30H-
TanbHbIM NpoekuusM. Hanpumep, cpaBHMBas rOpU30HTaNbHbIE IPOESKIUU TOUeK D
n C, 3aKimo4aeM, 4TO Ha ()POHTAIBHON IUIOCKOCTH MpoeKIui Buanma touka C, a
Touka D — HEBUAUMA, T.K. V¢ > Vp.

Wrak, ecnu Ha depTexke OAHOMMEHHBIE MPOEKLHMU TOYEK HE COBMALAIOT
WM COBMAJaeT TOJNbKO OJIHA Mapa MpOoeKLUil, TO TaKkue TOUYKH B IPOCTPAHCTBE HE
COBMAJAlOT, a yJaleHsl Jpyr OT JApyra Ha ONpeAEIeHHOe pacCTOSHUE
(puc. 3.7, 3.8).

Puc. 3.6 (Fig. 3.6)
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3.2 Mutual Positions of Two Points.
Terms of Visibility in a Drawing

Consider a model drawing shown in Fig. 3.6. Projections of some points co-
incide as they are situated on one projecting line. For example, images a and b of
the vertices 4 and B on the horizontal projection merged into one point as they lie
on one horizontal projecting line. On the frontal projection representations ¢ and d
of the vertices C and D merged into one point as they lie on one frontal projecting
line.

The points lying on one projecting line are called competitive points. 4 and
B are horizontal competitive points, C and D - frontal competitive points, etc.

It is obvious that if two points were situated on one projecting line, one of
them covers the other. How to determine which of them is visible and which is in-
visible one?

Of two horizontal competitive points in the horizontal plane that one is visi-
ble which is situated higher in space.

l/ a’ ’
l @ Vo, s
D/ A D/ ﬁ{
i
X i X X X
l N N d
W\ va=b a=b ; N c
Fig. 3.7 (Puc. 3.7) Fig. 3.8 (Puc. 3.8)

The frontal projection (Fig. 3.7) shows that the z-co-ordinate of the point 4
is bigger than that of the point B. Hence, the point A is located higher than B and
being projected onto the horizontal projection plane it covers the point B. On the
horizontal projection 4 is visible, B - invisible. On the frontal one both of the
points are visible. Of two frontal competitive points in the frontal plane that one is
visible which is situated closer to a viewer facing the frontal projection plane
(Fig. 3.8).

The horizontal projection helps to determine which of the points is located
closer to the viewer. For example, comparing the horizontal projections of the
points D and C one can conclude that the point C is visible on the plane V, and D -
is invisible.

Likewise determine the visible point of two profile competitive ones in the
projection plane W - that one is visible which is situated closer to the left side.

So, when projections of the like points in a drawing do not coincide, or only
one projection pair coincides, these points do not coincide in space and are located
a certain distance from each other.
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3.3. YepTex oTpeska npAMoN. MNMpsamMble YaCTHOro NONoXeHus

Harmsinroe m300paxkeHue orpeska 4B NpsMoi B ero OpTOTOHAIBHOE TIPO-
eLUpOoBaHUe Ha MIOCKOCTh P mokaszaHo Ha puc. 3.9. PaccMoTpum opToroHanbHoe
MIpOEeIMPOBaHNE OTpe3Ka AB ¢ yd4eToM CBOMCTB MapajieIbHOTO IPOSHUPOBAHNUS.
[Ipoenmpytroume npsimele 4a U Bb, mpoBenieHHBIe U3 Touek 4 U B mpsmoii, oOpa-
3YIOT IPOEUPYIOLIYI0 TockocTh Q. JInHus nepecedenus miockocteir Q u P mpo-
XOIMT Yepe3 MPoeKLUun a u b Touek A 1 B Ha INIOCKOCTH NMpoeKuuii P. JTa TUHUS
U sIBJIsieTCs €IMHCTBEHHOM MpoeKIue npsiMoii AB Ha TIIOCKOCTH NpOoeKUui P.

HarmsinHoe m3o0pakeHHe NPOSIMPOBAaHUS OTpe3ka AB mpsiMoil Ha JBe
IJIOCKOCTH Tpoekuuil B cucreme H, V moxasaHo Ha puc. 3.10, uepre:xx — Ha
puc. 3.11.

I/ Z
Dl 4 "
8 ! b
d’ d//
[1/ H’ a//
X L X 0 Jw
A
e lﬁ%
a
= i

Puc. 3.10 (Fig. 3.10) Puc. 3.11 (Fig. 3.11)

Ecnu kakast-mnOo Touka MPUHAIJIEKUT MPSIMOM, TO ee MPOEKLUs MpUHa-
JISKUT MpOoeKIuH npsiMoii. Hampumep, Touka D (puc. 3.9) npuHAUIEKHUT TPIMOU
AB, ee mpoeKIIuK — MPOEKIUsAM MpsiMoii, puc. 3.11.
OTHOCUTENBHO IIOCKOCTEeH NMPOEKLUHU MpsMas MOXKET 3aHUMAaTh pa3iny-
HBI€ TIOJIO)KEHUSI:
— He napajulesIbHOe HU OJIHOM U3 IIOCKOoCTel npoekuuit H, V, W;
— mapajulellbHOe OJHOM W3 IIOCKOCTel MpoeKuuil (mpsiMasi MOXeT W TpH-
HaJJIekXaTh 3TOH MIOCKOCTH);
— mHapajjienbHoe JBYM IUIOCKOCTSIM NPOEKLMH, TO eCTh NepHeHIUuKyIsIpHOe
TpeTheH.
IIpsimyto, He MapainenbHYIO HU OJHOM M3 TIOCKOCTEH MPOEeKLUH, Ha3bl-
BaIOT IpsMoii obiero monoxenus (puc. 3.9 — 3.11). [Ipsmyto, mapajuienbHyO 011-
HOW M3 MIIOCKOCTEH MPOEKUNH MK ABYM IIJIOCKOCTSIM IPOEKIUH (TO eCcTh IepIeH-
JUKYJISPHYIO TPEeTbel), Ha3bIBAIOT MPSIMOl YaCTHOTO TONI0XKEHUSI.
Ha puc. 3.12 — 3.14 npuBeneHb! HarIAHbIE H300paKEHUSI U YePTEKH Mpsi-
MBIX YaCTHOTO MOJIOKEHUS] — MPSIMBIX, MapauleNbHbIX MIIOCKOCTAM nmpoekiuid. Ta-
KHe TpsSIMBble Ha3bIBAIOT MPSIMBIMU YPOBHSI.
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3.3 Drawing of a Line-Segment. Straight Lines of a Particular Position

Fig. 3.9 presents the line-segment 4B and its
orthogonal projecting onto the plane P. Let us con-
sider orthogonal projecting of the segment AB subject
to the properties of parallel projection. The projecting
lines Aa and Bb passed from the points 4 and B pro-
duce the projecting plane Q. The cutting line of the
planes Q and P passes through the projections a and b
of the points 4 and B on the projection plane P. This

Fig.3.9 (Puc. 3.9) very line is the only projection of the above line in the

projection plane P. Fig. 3.10 presents a visual picture

of the segment AB projecting onto two projection planes in the system H, V, Fig.
3.11 presents a drawing.

If a point belongs to a line, its projection belongs to the line projection. For
example, the point D (Fig. 3.9) belongs to the line 4B, so, its projections belong to
the line projections (Fig. 3.11).

A line can have different positions relative to the projection planes:

- parallel to neither of the projection planes H, V, W;

- parallel to one of the projection planes (the line may as well

belong to this plane);

- parallel to two of the projection planes, that is, perpendicular to

the third one.

A line parallel to neither of the projection planes is referred to as the line of
general position (Fig. 3.9 through 3.11).

A line parallel to one of the projection planes or to two (that is, perpendicu-
lar to the third one) is referred to as the line of a particular position.

Z

/ / / k//
Va’ k b k
B a’ b’ |b” a”
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X 5 Yw
X b
N b 9
7K 5
AN a ¥
v H

Fig. 3.12 (Puc. 3.12)

Fig.3.12-3.14 show the visual pictures and drawings of the lines of a par-
ticular position - the lines parallel to the projection planes. Such lines are called
level lines.
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a) [lpsimast AB mapajensHa IUIOCKOCTH H, ee Ha3bIBAIOT TOPH3OHTAIBHOMN

npsaMoi, (puc. 3.12).

®poHTanbHas MpoeKuusl NpsSMoi a'b’ mapanienbHa ocH X; NpoduibHAas
npoekuust a”b" mapaienbHa OCH )yy; JUIMHA TOPU30HTAIBHON MPOEKINH OTpe3Ka
paBHa JUIMHE caMoro oTpe3ka ab=AB; yroia [, oOpa3oBaHHBI TOPU30HTAIBHOM
MIPOEKLMeN M OChIO IPOEKLUH X, PaBeH YITy HakJIOHa MpsSMOH K (pOHTaIbHON
MJIOCKOCTH TPOEKIH; Yroll ) OOpa30OBaHHBIA TOPU3OHTAIBHOW MPOEKIHer u
OCBIO IIPOEKLIVH Yy, PABEH YLy HaKJIOHA NPSIMOM K NpO(MIBHOI MIIOCKOCTH ITPO-
EeKIUH.

Jab/= JABJ- (@) // (Ox); (a'b) // (Op,):
(AB'V) = (ab"Ox) = i (AB"W) = (ab"Op,) = .

6) Ilpssmas CD mapamrenbHa IUTIOCKOCTH V' — (QpoHTanbHas mpsiMas,
(puc. 3.13).

I'opusoHTanBHAs MPOEKIXs NPSIMOM cd MapaienbHa OCH X; NpoduibHas
npoekiust ¢”'d" napasensHa ocH z; JyInHa QPOHTAIBHON MPOEKIMU OTPE3Ka paBHA
JUTMHE caMoro oTpeska ¢ d’=CDj; yroin o, 00pa3oBaHHBII (POHTAIBHON MPOEKIH-
el U OChIO IIPOEKLUH X, paBeH yIily HaKJIOHAa IPSIMON K FOPU3OHTAIbHOMN MJIOCKO-
CTH MPOEKUHii; yroi Yy, 00pa3oBaHHbIH (POHTAIBHON MPOEKLUEN U OCBIO z, paBeH
YIIy HaKJIOHA MPSIMOH K MPOQUIBHOM MIIOCKOCTH MPOEKITUH.

fe’d’|= [CDJ: (cd) // (Ox); (c’d’) // (Oz);

(CDMH) = (¢d""Ox) = a; (CD""W) = (c’d""Oz) = y.

B) Ilpsimas EF mapanienbHa IuiockocTH W — mpoduibHas mpsmas,
(puc. 3.14).
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Puc. 3.14 (Fig. 3.14)

T'opu3oHTaIBHAS POESKIIMS IPSIMOM ef TapajiielbHa OCH yy; GpoHTaNbHAas
MpoeKIHs e’ mapaluielibHa OCH z; JJIMHA MPOQUIBHON MPOEKIMH OTpe3Ka paBHa
JUTHHE caMoro oTpe3ka e 7”=EF, yriel o u 3, 00pa3oBaHHbIe TPO(UIBHON MpoeK-
el ¢ OCSMH Vyy U z, paBHBI yIrilaM HakJIOHa MPSMOM K FOPU3OHTANIBHOM U (PpoH-
TaJbHOM IUIOCKOCTSAM IPOCKLUH COOTBETCTBEHHO.

Y] = [EF[: () // (Oy): (ef) =(0z):
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(EFAH) = (f"On,) = & (EF) = (e"0z) = 8

a) The line AB is parallel to the plane H (it is called a horizontal line).

The frontal projection a'b’ of the line is parallel to the axis; the profile pro-
jection a"b" is parallel to the axis y.; the length of the segment horizontal projec-
tion is equal to the length of the segment proper ab=4B; the angle f, contained by
the horizontal projection and projection axis x, is equal to the inclination angle of
the line to the frontal projection plane; the angle y, contained by the horizontal
projection and the axis y, is equal to the inclination angle of the line to the profile
projection plane.

Jab/= ABJ: (@) // (Ox); (a)// (Op,):
(AB"V)=(ab"0Ox)=p; (AB"W)=(ab Oy,)=1.
b) The line CD is parallel to the plane V (it is a frontal line) - Fig.3.13
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Fig. 3.13 (Puc. 3.13)

The horizontal projection cd of the line is parallel to the axis x; the profile
projection ¢"d" is parallel to the axis z; the length of the segment frontal projection
is equal to the length of the segment proper ¢'d'=CD; the angle o, contained by the
frontal projection and projection axis x, is equal to the inclination angle of the line
to the horizontal projection plane; the angle v, contained by the frontal projection
and the axis z, is equal to the inclination angle of the line to the profile projection
plane.

fe’d’|= [CDJ: (cd) // (Ox); (c’d’) // (Oz);
(CDMH) = (¢d""Ox) = ¢ (CD"W) = (c'd""Oz) = y.

c¢) The line EF is parallel to the plane W (it is a profile line).

The horizontal projection ef of the line is parallel to the axis y,; the frontal
projection e'f" is parallel to the axis z; the length of the segment profile projection
is equal to the length of the segment proper e"f'=EF; the angles o and S, con-
tained by the profile projection and projection axes y» and z, is equal to the inclina-
tion angles of the line to the horizontal and frontal projection planes respectively.

¥ = [EF|: () // (Oy): (ef) = (0z);
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(EFH) = (f""Oy,) = a;  (EF™V) = (e/f""02) =

CrenoBatenbHO, KaXkKAasi TMHUS YPOBHS NIPOSLUPYETCS B UCTUHHYIO BEIH-
YUHY Ha Ty IUIOCKOCTH MpOEKLHWi, KOTOpoil oHa mapauiensHa. Ha Ty ke mioc-
KOCTB ITPOEKITHH MPOSIIPYIOTCS 0e3 NCKaKeHHUs U yTIIbL, KOTOPBIe 3Ta mpsiMast 00-
pasyer ¢ OCTaJbHBIMH ABYMSI TNIOCKOCTSIMH ITPOEKLHIA.

Ha puc. 3.15 npuBeeHbl 4epTeXKU NPSIMbIX, NEPHEHAUKYISPHBIX IIOCKO-
CTSIM NpoeKui. Takue nmpsMble Ha3bIBAFOTCS MTPOSHUPYIOIINMH IPSIMBIMH.

a) Ilpsimas AB mnepneHAMKyNspHAa IIOCKOCTH H  (TOpPU3OHTAIBHO-
Ipoenupyommas npsiMasi), ee NpoeKys a'b’ IeprneHIuKyNspHa OCH X,
npoeknust a”b” neprneHuKyIspHa OCH ), POSKIIUHN a U b COBMAAIOT.
(AB) L H; (AB)//V; (4AB)// W;
ab—rouka; fa’b’/= Ja’b’/= JAB): (a’b) L(Ox); (a’b’) L (Oy,).

6) Ilpsmas CD nepnenaukyispHa 1ockoctd V' (dpoHTansHo-
mpoenypyomas mnpsMas), ee NpoeKUus cd NepHeHIUKysipHa OCH X,
npoekis ¢”"d" nepneHuKyJsipHa OCH z, MPOEKLUH ¢’ ¥ d' COBMAAIOT.
(CD)_LV; (CD)//H;, (CD)/W;
c’d’—m1ouxa; fed/= jc’d"|= [CD): (cd) L (Ox); (c’d’) L (Oz).

B) [lpsmas EF mnepneHOuKyispHa IUIOCKOocTH W  (mpoduibHO-
NpoenypyoIas MpsMas), ee MPOeKIHS ef MepHeHIUKYsIpHA OCH Yy,
npoeKuus e'f’ meprneHAnKyJIsIpHa OCH zZ, TPOeKIMHK e U ' COBMaIaloT.
(EF) LW, (EF)//H; (EF)/V;
e’t’—1ouxa; lef] = jef//= [EF/ (ef) L(Oy,); (ef) L (Oz).

W3 geprexxa BUIHO, YTO IpOELUpYOLIas psMast sIBJSIETCSI BMECTE C TeM U
NpSIMOM JIBOWHOTO YPOBHSI, TaK KaK OHa MapajulelibHa OJJHOBPEMEHHO JBYM JIpy-
THM IITOCKOCTSIM ITPOEKIHUH.

CrenoBarellbHO, Ha 7B IUIOCKOCTH IPOEKIMH IMpOenUpyIoIine MpsMble
MIPOELUPYIOTCs 0e3 NCKaXXeHUs, TO €CTh B HaTypaJIbHYIO BEJINUNHY, & Ha TPETHIO —
B TOUKY.

3.4. BzaumHoe nosnoxeHue TOUYKU U NpssMon

Touxa u npsiMast B TPOCTPAHCTBE MOTYT OBITh
Pa3NUYHO PACMONIOKEHbl OTHOCUTEIBHO JIPYT Apyra U
MJIOCKOCTH MPOEKIUH.

o /’D/
o f

Ecau mouka 6 npocmpancmee NpuHaoescum
NPAMOLL, MO ee NPOeKYUU NPUHAOTEHCAM COOM-
8emMCmMBYIOUUM NPOSKYUSIM MO NPIMOIL.

Ha puc. 3.12 — 3.14 3T0 mosoxeHue Mnpou-
JFOCTPUPOBAHO Ha HAMISIHBIX H300paKeHUSIX U dep-
TeXax MPSIMbIX JINHUM U TOYEK.

PaccmoTpuM erre pa3 3To MOJOXKEHUE Ha TUIO-
Puc. 3.16 (Fig. 3.16) CKOCTHOM uepTexe (puc. 3.16).
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Thus, each level line projects in true size onto that projection plane to which
it is parallel. The angles contained by this line and two other planes, also project
on the above plane in true size.

z z z
b’ b
=g’ c” d” e’ | e”’=f"
a’ a” T
Y 0 | Jw, | Z w 0 | Jw
L_J T u/
a=b dL e f
yH )/H J/H

Fig. 3.15 (Puc. 3.15)

Fig. 3.15 shows drawings of the straight lines perpendicular to the projec-

tion planes. These lines are called projecting lines.

a) The line AB is perpendicular to the plane H (horizontal projecting line),
its projection a'b' is perpendicular to the axis x, projection a"b" is per-
pendicular to the axis y, projections a and b coincide.

(AB) L H; (AB)//V; (AB)// W;
ab — point; ja’b’/= Ja’b’|= AB}- (a) L (Ox); (a’b’) L (Oy,).

b) The line CD is perpendicular to the plane V (frontal projecting line), its
projection cd is perpendicular to the axis x, projection ¢"d" is perpen-
dicular to the axis z, projections ¢' and d' coincide.

(CD) _LV; (CD)//H; (CD)/W;
c’d’—point; Jed]/= Je’d’]= [CDJ: (cd) L (Ox); (c’d") L (Oz).

c) The line EF is perpendicular to the plane W (profile projecting line), its
projection ef'is perpendicular to the axis y,, projection e'f' is perpendicu-
lar to the axis z, projections e¢" and f' coincide.

(EF) LW, (EF)//H; (EF)/V;
et~ point; feff = e f/= JEF|: () L(Oy): (ef)L(Oz).

The drawing proves that the projecting line is also a level line as it is paral-

lel at the same time to two other projection planes.

3.4 Mutual Positions of a Point and a Line
A point and a line in space may have different positions relative to each
other and to a projection plane.
If a point in space belongs to a line, its projections belong to the corre-
sponding projections of the line.
Fig. 3.12 through 3.14 illustrate the above statement.
Let us examine it again in a plane drawing (Fig. 3.16).

31



Touka F mpuHaIuIeXuT IpsaMon AB, Tak KaK TOPU3OHTANbHAs TPOSKIMS [
TOYKH MTPUHAUIS)KUT TOPU3OHTAIBHON MPOeKIHU ab NpsiMoii, a ppoHTaNIbHAS TTPO-

eKUus f TOYKU MPUHAISKUAT PPOHTANBLHON MPOEKIUH a'b’ mpsMoi.

()F e(AB) = (feab) A(f" €a’db).
Touka C nexuT Hax npsimoid AB, Touka D nexuT non npsiMoi AB, Touka E
JIEXKUT 3a IpsiIMOi AB.
()C g(AB) > (c eab) n(c’gab));
()D g(AB) = (d cab) A(d" ga’b’);
()E g(AB) => (e gab) A(e’€a’h’).

3.5. Cnegbl npaMon

Touku nepecevyeHus MPSIMON JIMHUU C TNIOCKOCTSMH IPOSKIMH Ha3bIBAIOT-
cs cnefamu npsimoii. Ha puc. 3.17 Touka M — ropu30oHTaNbHBIN Clie IpSIMOM, TOU-
ka N — (ppOHTaJIbHBIN.

I'opu3oHTaIBHAS TPOEKLHS 7 TOPU30HTAIBHOTO ClIela COBIAaeT C CaMiM
cienoM — Toukoit M (puc. 3.17, a), a hpoHTaIbHAS MPOSKLHUS STOTO ciena m' jie-
XWUT Ha ocH x. @poHTaNmbHAS poeKIys 7' GPPOHTANBHOTO ciela NpsiMOK coBMaa-
eT C (PPOHTAIBHBIM CJIEJJIOM — TOYKOH /N, a TOPU30HTATIbHAS ITPOCSKIIHS 77 JISKHUT Ha
TOMU ke OCHU MPOEKLUMN.

YT00BI MOCTPOUTH Ha MIOCKOCTHOM YepTe)XXe FOPU30HTANIBHBIN cliell mpsi-
Moit (touku m u m'), Hago (puc. 3.17, 6) IPOAOIIKUTE (PPOHTABHYIO MTPOEKIIHIO
a'b’ mpsMoii 10 mepecedeH sl C OCBhIO X (TOUYKa m') U Yepe3 Hee MPOBECTH IepIeH-
JUKYJSIp K OCH X JIO NepecedeHusl ¢ MPOJODKEHNEM TOPU30HTAIBHON IPOEKINH
ab. Todka m — ropu30HTAIbHAS TPOEKLMS TOPU3OHTAIBHOTO Cle/a.

Jliist mocTpoeHHsT PPOHTANBHOTO ciiefa (ToYeK # ¥ 1n') HeOOXOIMMO IIPO-
JIOJDKUTH TOPU3OHTAIBHYIO IIPOEKIUIO ab MPSIMOii 10 epeceueHust ¢ OChio X (Tou-
Ka 1) , 4epe3 Hee IMPOBECTH MEePIeHIUKYIIP K OCH X IO NepeceueHHs ¢ IpoJoIKe-
HUeM (poHTaIbHOM mpoeknuu a'b’. Touka n' — ¢(poHTaIBHAS MpoeKuus (GppoH-
TaJIHOTO Cllefia.

[Ipsimast MOKeT mepecekaTb U MPOQGHIBHYIO INIOCKOCTh MPOEKIHUH, TO eCTh
nMeTh Npo(UIBHBIA cieq. DTOT ciel Ha MPOGMIBLHON MIIOCKOCTH MPOEKLUH COB-
najilaeT co CBOEH Npoekiuei, a (poHTaNbHAS W TOPU3OHTAIbHAS MPOEKLUUH ero
JIe)KaT COOTBETCTBEHHO Ha OCSIX Z H ).
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So, projecting lines are projected on two projection planes in true shape, i.e.
in true size, and on the third plane they are projected as a point.
The point F belongs to the line 4B as the horizontal projection f of the point be-
longs to the line horizontal projection ab, and the point frontal projection f be-
longs to the line frontal projection a'd’.
(HDFe(AB)= (feab)A(f' € a’b’).
The point C is located above the line 4B, the point D is situated under the
line AB, the point E lies behind the line AB.
()C g(AB) = (c eab) A(c’ga'b));
()D g(AB) = (d €ab) n(d’ ga'b);
()E ¢ (AB) = (e ¢ ab) A (¢’ € a’'b’).
3.5. Traces of a Line

The trace of a line is the point at which the line intersects a projection plane.
The point M (Fig. 3.17) is a horizontal trace of the line, the point N - a vertical
(frontal) one.

The horizontal projection m of the horizontal trace coincides with the trace
proper - the point M (Fig. 3.17, a); the frontal projection m' of the trace lies on the
axis x. The frontal projection »' of the line vertical trace coincides with the vertical
trace - the point N; the
horizontal projection n
lies on the same projec-
tion axis.

To construct the
horizontal trace of a line
(points m and m') in a
plane drawing proceed as
follows (Fig. 3.17, b):
prolong the vertical pro-
jection a'b’ of the line to
intersect the x-axis at the point m'. At this point erect a perpendicular to the coor-
dinate axis to intersect the prolongation of the horizontal projection ab. The point
m thus obtained is the horizontal projection of the horizontal trace.

The vertical trace of a line (points » and #»') is found in much the same man-
ner: prolong the horizontal projection ab of the line to intersect the x-axis at the
point n. At this point erect the perpendicular to the x-axis to intersect the prolonga-
tion of the frontal projection a'b’. The point n’ is the frontal projection of the verti-
cal trace.

A line may intersect the profile projection plane as well, it means there may
be the profile trace, too. This trace on the profile plane merges with its projection,
where as, its frontal and horizontal projections lie on the axes z and y, accordingly.

Fig. 3.17 (Puc. 3.17)
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3.6. BsaumHoe nonoxeHue gByX NpAMbIX
[IpsiMble B mpocTpaHCTBE MOTYT 3aHMMATh pa3jMyHble B3aMHBIE TOJIOXKe-
HUSL:
— TepeceKaThCsl, TO €CTh UMETh OJHY OOIIYIO TOUKY;
— OBITh MapaJUIebHBIMHU, €CIIH TOYKa NepecedeHrsl MPSMBIX yaaleHa B Oec-
KOHEYHOCTb;
— CKpeIIUBaThCs, TO €CTh He UMETh OOIIUX TOUEK.
llepecexaiowuecs npamvie. Eciu npsiMble INepecekaroTcs, TO UX OJHO-
MMEHHBIC TIPOCKIUU TMEePEeCceKaroTCsl MeXay co00i M TOUKHM NepecedeHus MpoeK-
UM JIe)KaT Ha OJHOM JIMHUU CBSI3H.
HarnsinHoe u3zobpakeHue AByX HpsMbelx AB u CD, mepecexaroluxcsi B
Touke K, mpuBeneHo Ha puc. 3.18, a; ux uepTex B cucTeme Tuiockocreid H u V - Ha
puc. 3.18, 6.
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Puc. 3.18 (Fig. 3.18) Puc. 3.19 (Fig. 3.19)

Ecnu B cucteme minockocteit H, V ogHa n3 IpsAMBIX PO HIIbHASL, TO YTOOBI
OTBETHUTb Ha BOIPOC, IE€PEeceKaloTCs JIM TpsIMble, CliefyeT IOCTPOUTh HX IpO-
(bUIbHBIE TPOSKIINH.

Ha puc. 3.19 Bce npoekunu touku K (k, k’ k”) oqHOBpeMeHHO MpHHAIJIe-
xat npsmoit AB u npsmoit CD, To ecTb npsamMele AB u CD nepecekaroTcsl.

Ha puc. 3.20 npodunpHas npoekuus k" Touku K MpHHAIISKUT TPOQUITH-
HO# mpoekuuu c¢’d” v He MPUHAIJISKUT NpoduibHONM Tpoekuuu a”b”, cnenoBa-
TeNnbHO, psiMble AB 1 CD He niepeceKaroTcs, OHU CKPELIUBAIOTCSL.

Iapannenvuvie npamvie. Eciu npsiMble B IPOCTPAHCTBE MapaijelbHbl, TO
X OJZHOWMEHHBIE IPOEKLUH NapauielbHbl MeXIy coboi. JleiicTBUTENBHO, Ha
puc. 3.21 mpoeuupytouye mwiockoctT Q U R, MpoBeJeHHbIe Yepe3 napajieabHble
npsamble AB u CD, napaiuiensHbl MeXxy co0oit. C TIOCKOCTBIO MPOEKIHH P OHU
MepeceKaroTesl 10 MapajlieJbHbIM NPSIMBIM ab U ¢d — TIPOeKUUsSIM NpsIMbIX AB u
CD. YepTex nByX NapaUIeNbHBIX NPSIMBIX OOINETO MOJOXEHHS NpHBEAEH Ha
puc. 3.22, yepTeku napajuieNIbHbIX MPSIMbIX YaCTHOTO MOJIOXKEHUS — Ha puc. 3.23:

a) TOPH30HTAIBHBIX MPSIMBIX;
0) GppoHTANBHBIX NPSIMBIX;
B) MPOQHUIBHBIX MPSIMBIX.
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3.6.The Relative Positions of Two Straight Lines
Straight lines in space may have different relative positions:

- to intersect, that is to have one common point;
- to be parallel if their intersection point is at infinity;
- to cross, that is to have no common points.

Intersecting lines. If the lines intersect, their like projections intersect and
the points of intersection lie on one connection line.

Fig. 3.18, a presents the visual picture of two lines AB and CD, intersecting
at the point K; Fig. 3.18, b - the drawing in the system of H and V planes.

If one of the lines in the A and V planes system is a profile line, to find out
where the lines intersect, construct their profile projections.

Fig. 3.19 - all projections of the point K (k, k', k") belong to the lines AB and
CD simultaneously, it means that the lines 4B and CD intersect.

Fig. 3.20 - the profile projection k" of the point K (the CD line) does not be-
long to the profile projection a"b", hence, the lines AB and CD do not intersect.
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Fig. 3.20 (Puc. 3.20) Fig. 3.21 (Puc. 3.21)

Parallel lines. If the lines in space are parallel, their like projections are also
parallel. Fig. 3.21 - the projecting planes Q

b a’ and R, passed through the parallel lines AB
, and CD, are also parallel. They intersect the
a , plane P with the parallel lines ab and cd,
g which are the projections of 4B and CD lines.
X A drawing of two parallel lines of general po-

W

a
c

sition is shown in Fig. 3.22, drawings of paral-
lel lines of particular position - in Fig. 3.23:

a) horizontal lines;

b) frontal lines;

c) profile lines.

d

Fig. 3.22 (Puc. 3.22)

O mapanenbHOCTH TNPSIMBIX B IIPO-
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CTpaHCTBE MOXHO CYAUTh MO MapajuleNbHOCTH UX OJAHOMMEHHBIX MPOEKIUil Ha
JBYX IUTOCKOCTSIX IIPOEKINH, HO IIPH OTIPEIeIeHHBIX YCIOBHUSIX.

Jns npsamvix obujeco nonodicenuss — €Cii OJHOMMEHHBIE MPOEKUUHU Hpsi-
MBIX OOIIIEro MOJIOKEHHUS MapajuIeNbHBl B CUCTeMe ABYX JIFOOBIX IIOCKOCTEH Ipo-
€KLM, TO IpsIMble NapaienbHbl (puc. 3.22).

Jns npsameix wacmnozo nonodicenus — €CIM OAHOUMEHHbIE TIPOSKIUU Mpsi-
MBIX MapaliieNbHbl OJHOM U3 ocel MpOeKLUH, TO MpsiMble MapauleNbHbl IPH yC-
JIOBUM NapauleIbHOCTU OAHOUMEHHBIX MPOEKLUN Ha TON IJIOCKOCTH IMPOEKLUH,
KOTOPO#1 MapajuieNbHBI IpsiMble (puc. 3.23, B).

Ckpewusaroujuecs npsmoie. Eciu npsiMble B IPOCTPaHCTBE He IepeceKa-
10TCsI, a cKpemuBaroTes (puc. 3.24), To Ha YepTexe X OJAHOUMEHHbIE MPOEKLIUH
MOTYT U IepeceKaThes, HO TOUKH TepecedeHns MPOoeKIUii He jexaT Ha OJHOHU Ju-
HUM CBSI3U. DTH TOUYKH HE SBIISIOTCS OOLIMMHE IJIS IPSMBIX.

b

Puc. 3.24 (Fig. 3.24)

CpaBHHBas MOJIOXKEHHE TAaKUX TOUYEK, ONPEIeISIOT, Kakas U3 N300pakeH-
HBIX Ha YepTesxe MPSMBIX BBIIIE IPyToi Win Onke Ipyroi K HaboaaTelo.

Ha puc. 3.24, a BunHo, uto Touka £ (mpuHaanexamias npsmMoit 4B) pacmo-
noxeHa Bble Touky K (mpuHamexameid npsimoit CD), n pH B3IIIAIe CBEpXy I10
yKazaHHO# cTpesike Touka E 3akpbiBaeT TouKy K. COOTBETCTBEHHO M Ha YepTexe
(puc. 3.24, 6) GppoHTaNEHAs IPOEKIHS €' pacIoNo)KeHa BhIIIe (PPOHTANIEHON TPO-
eKLUH k', ¥ IpH B3IJIsIIe CBEpXy IO cTpenke N Ipu MPOoeUPOBaHUN Ha IIOCKOCTh
H touka e 3akpbsIBaeT TOUKY k. [Ipsimast 4B nmpoxoaut Hax npsimoit CD.
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Note. The lines in space are parallel when their like projections on two
planes are also parallel, provided:

for the lines of general position - their like projections are parallel in the
system of any two projection planes (Fig. 3.22);

for the lines of particular position - their like projections are parallel to one
of the projection axis and their like projections are parallel to each other on that
projection plane, to which the above lines are parallel (Fig. 3.23).
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Fig. 3.23 (Puc. 3.23)

Skew lines. If the lines in space do not intersect but cross (Fig. 3.24), their
like projections in a drawing may intersect , but the intersection points of projec-
tions do not lie on one connecting line. These points are not common to the above
lines.

Comparing the loci of such points, determine which of the lines in a draw-
ing is situated higher than the other or closer to the viewer.

Fig. 3.24, a - the point E (belonging to the line 4B) is situated above the
point K (belonging to the line CD) and if viewed from above, in the direction of
the arrow, the point E covers the point K. A similar situation is in Fig. 3.24, b - the
frontal projection e’ is located higher than the frontal projection &', and if viewed
from above, in the direction of the arrow N, the point e, being projected on the
plane H, covers the point k. The straight line 4B runs above the line CD.
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Ha nockoctu V' coBnanaior ¢poHTaIbHbIE NpoeKuuu [’ u 2’ Touek mpsi-
MbIX AB u CD. Tlpu B3riisize criepeid o cTpesike M BUIHO, UTO TOYKa [ TpSIMOit
AB HaxopuTcs OnbKe K HaONIOAATENIO, U MPU MPOCHUPOBAHUH Ha IUIOCKOCThH V
Touka / mpsimoit AB 3akpbeIBaeT Touky 2 mpsimoit CD. Ilpsimas AB pacronoxeHa
OJrKe K HaOIIFoaTelro.

PaccMoTpeHHBIE TOUKH CKpEINMBAIOIINXCS TMPSIMBIX, MPOEKIIMHA KOTOPBIX
Ha OJTHOM M3 MJIOCKOCTeH cOBNaAaoT, Ha3bIBAOTCSI KOHKYPUPYIOLIMMY TOUKaMH.

3.7. NpoeuunpoBaHue NIIOCKUX YroB

JIro6oif nMHEHHBIN yron obpa3yeTcs AByMs IepeceKarolnuMucs mpsMeiMdA. Ha
IJIOCKOCTH MPOEKIHUHA OH Mpoenupyercs B
obmem crmyyae ¢ uckaxeHueMm. OnHako,
ecii 00e CTOPOHBI yIJia MapaienbHbl Ka-
KOH-1100 MIOCKOCTH MPOEKIHi, TO Ha 3Ty
IUIOCKOCTh YTOJI TIpoenupyercs 6e3 Hhcka-
JKEHUS, TO €CTb B HUCTHHHYIO BEIUUYUHY.
Hanpumep, croponsr yrma ABC (puc.
3.25) nmnapamienbHbl ~ TOPU3OHTANBHOMN
TUTOCKOCTH P, 1MO3TOMY yTrojl oL CIpOeLH-
poBaJicst Ha Hee 0e3 N3MEHEeHUH.
Puc. 3.25 (Fig. 3.25) Hcknrouenue cocraBisieT NpsSMOi
yroi, KOTOpBIA MpOeLupyeTcs B HUCTHH-
HyIO BEJIMUMHY U B TOM Cllydyae, KOIJa JIMIIb OJHa M3 ero CTOPOH MapaulelbHa
IUIOCKOCTH TNpoekuuil. PaccMoTpuM TeopeMy, OTHOCSAILIYIOCS K ITPOELMPOBAHUIO
IPSIMOTO yIJa.
Teopema. ITpsaMoii yros mpoennpyeTcs B BUJe NMPSIMOTO YT, €CIH OJIHA U3 ero
CTOPOH MapajuleNibHa MIOCKOCTH NMPOEeKLUil, a BTopas el He NepneHIuKyJIspHa.

ITycts cropona ED npsimoro yrina KED napaiienbHa IIIOCKOCTH P, a cro-
poHa EK eii He nepneHauKyisipHa (puc. 3.26). TpeOyercst foka3aTh, YTO €ro Mpo-
eKuust — yron ked=90°.

(ED L EK) A (ED// P) (EK AP) = (ed) L(ek).

Jloxazamenvcmeo. Uepes npsimble EK u Ee npoBeaeM IONOJHUTENBHYIO
mwiockocTh Q. [Tnockocts O (Tak Kak OHa NMpOBeJieHa uepes npsmyto Ee, epreH-
JIUKYJISPHYIO TUTOCKOCTH P) meprieHanKynsipHa 1uockoctu P. Ipsmas ED mep-
NEeHAUKYJISIpHA INIOCKOCTH (), Tak KaK OHAa MepHeHIUKYJSIpHA K ABYM INPSMBIM
atoii miockocTh EK u Ee. TlpsaMas ed Taxke NmeprneHIUKYyJIsIpHa K TUIOCKoCcTH Q,
TaK Kak npsmas ED v ee poexius ed napaienbHbl MEeXIy coO0OH 1o YCIOBHIO.

CrnenoBarenbHo, psiMast ed TEPIICHAUKYISIPHA K JIFOOOH NpsIMOH, Jexa-
iell B 3TOU TIOCKOCTH, B TOM YHCIIE U MIPSIMO# ek, TO ecTh yrou ked — MpsIMOiA.

(EK) A (Ee) cQ; (ED) L (EK); (ED) L (Ee); (ED) L Q;

(ed) // (ED), (ed) L Q; (ed) L (ek); <ked =90°
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The frontal projections /' and 2’ of the lines AB and CD coincide on the
plane V. If viewed in the direction of the arrow M, the point / of the AB line is
situated closer to the observer, so, being projected on the plane J this point covers
point 2 of the line CD. The line 4B lies closer to the observer.

Considered the above points of skew lines, projections of which coincide on
one of the planes, are referred to as competitive points.

3.7. Projecting of Plane Angles

Any linear angle is formed by two intersecting lines. It is usually projected
onto the projection planes in distortion. However, if both arms of the angle are
parallel to one of the projection planes, the angle is projected on this plane without
changing it, i.e. in true size. For example, the arms of ABC angle (Fig. 3.25) are
parallel to the horizontal plane P, hence, the angle o is projected on it in true size.
Note. A right angle with at least one side parallel to one of the projection planes is
projected on this plane also as a right angle. Consider a theorem on a right angle
projecting.

Theorem. A right angle is projected as a right angle, when one of its arms is
parallel to a projection plane and the second arm is not perpendicular to it.

Given: the arm ED of the right angle KED is parallel to the plane P, the arm KE is
not perpendicular to it (Fig. 3.26). Prove that the angle projection ked = 90°

(ED L EK) A (ED // P) (EK X\P) = (ed) L(ek).

Proof. Pass the auxiliary plane

A O through the lines KE and Ee. The

= D plane O (being passed through the
line Ee, perpendicular to the plane P)

is perpendicular to the plane P. The
line ED is perpendicular to the plane
0, as it is perpendicular to two lines
(EK and Ee) of this plane. The line
ed is also perpendicular to the plane
0, as the line ED and its projection
ed are parallel to each other (see
given conditions). Hence, the line ed
is perpendicular to any line, lying in
this plane, the line ek among them,
which means, the angle ked is a right

Fig. 3.26 (Puc. 3.26)

angle.
As was to be proved.

(EK) A (Ee) cO; (ED) L (EK); (ED) L (Ee); (ED) L Q;
(ed) // (ED), (ed) L O; (ed) L (ek); ked = 90°
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3.8. OnpepeneHne NCTMHHOM BENUYUHbI OTPE3Ka NPsIMOW

Otpe3kH NpsIMBIX OOIIETO TOJIOKEHUSI HU Ha OIHY M3 INIOCKOCTEH MpoeK-
Uil He MPOoeLUpPyIOTCsS B UCTHHHYIO BelnW4nHy. OfHAKO B psjie 3a/a4 BOSHUKAET
HEOOXOANMOCTD OIPEIEINUTh 10 YepTeXXy AJIMHY OTpe3Ka IPsIMOH 0OIIero mosio-
JKE€HUS U yTIJIbl HAKJIOHA MPSAMOM K MJIOCKOCTSIM MPOEKIIUiA.

B sTOM cityyae MCIONB3yIOT CIOCOO MOCTPOCHHMS MPSIMOYTOJIBHOTO Tpe-
YTOJIbHHKA.

Teopema. VIcTUHHAs BelMYMHA OTpe3Ka MPSMOM 001Lero mojoXeHus pas-
Ha TUIOTEHy3€ NMPSAMOYTOJIBHOIO TPEyrojlbHHKA, OJHUM KaTeTOM KOTOPOrO SIBIIS-
eTcsl IPOeKIUs OTpe3Ka Ha OIHY U3 IUIOCKOCTeH MpoeKLui, a APYrUM — pa3HOCTh
pacCTOSHUI KOHIIOB OTpe3Ka JJ0 3TOH ke MIOCKOCTH.

Hoxazamenvcmeo. V3 puc. 3.27 cienyert, 4To UCTUHHAS BEJIMUYWHA OTpe3Ka
AB GyneT sIBIATHCS TUIIOTEHY30H MPSMOYTOJIbHOTO TPEyroibHUKa AB 1, B KOTOpOM
OJIMH KaTeT paBeH MPOEKIMH OTpe3Ka, a IPyroi — pasHOCTH PACCTOSHHHA KOHIIOB
OTpe3Ka JI0 MIOCKOCTH MPOEKITHUiA. .y
-Ad
B

p
Puc. 3.27 (Fig. 3.27)

OnpenenyM UCTUHHYIO BEJIMYHHY OTpe3Ka AB U yron HakJoHa ero K Iuoc-
koctu H (yrout o), eciiv U3BECTHBI JiBe IPOEKINK oTpe3Ka (puc. 3.28, a).

ITocTpouM MpsIMOYTONBHBIA TPEYTONBHUK, Y KOTOPOrO OJHUM KaTeToM Oy-
JIeT TOPU30HTANIbHAS TIPOEKIMS OTPe3Ka, a BTOPHIM — Pa3HOCTh PacCTOSHHUN KOH-
LIOB OTpe3Ka 710 MIocKocTH H (pa3HocTh z KoopAauHAT Touek 4 u B). MictunHas Be-
JMYMHA OTpe3ka AB paBHa rurnorteHyse aby, a yroi HakJOHa ero K rockoctu H -
yron bab, (yron o).

Ha puc. 3.28, 6 moka3aHo omnpeneneHHe HCTUHHOM BeTMUHUHBI OTpe3Ka AB u
yrJia HakJIOHa ero K IIOcKocTH V — yrna f.
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3.8 Determining the True Size of a Line-Segment

No segments of the lines of general position are projected on the planes of
projection in true size. But the solution of some problems requires determining by
a drawing the length of a line-segment and the angle of the inclination of a line to
the projection planes.

In this case the method of a right triangle construction is used.

Theorem. The true length of a segment of a line of general position is equal
to the hypotenuse of a right triangle one leg of which is a projection of the given
line-segment on one of the projection planes, the second leg being equal to the ab-
solute value of the algebraic difference of the distances from the ends of the line-
segment to the same plane.

b’ do b’
/ N
N N
N
1
U757,
a
bo
a b (6)

Fig. 3.28 (Puc. 3.28)

Proof. Fig. 3.27 shows that the true length of the line-segment 4B is the hy-
potenuse of the right triangle AB/ one leg of which is equal to the projection of the
given segment, the second leg - to the absolute value of the algebraic difference of
the distances from the ends of the line-segment to the projection plane.

Determine the true length of the line segment 4B and the angle of its incli-
nation to the plane H (angle «) given two projections of the line-segment
(Fig. 3.28, a). Construct a right triangle given its two legs: the horizontal projec-
tion of the line-segment and a line-segment of length equal to the value of the al-
gebraic difference of the distances from the line-segment ends to the plane H (dif-
ference of z coordinates of the points 4 and B). The hypotenuse ab, of this triangle
will yield the true length of 4B, and the angle bab, - its inclination angle to the
plane H.

Fig. 3.28, b shows determination of the true size of the line-segment 4B and
its inclination angle to the plane ¥ (angle f).

41



®

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

Bonpochbl k rnaBse 3
Kakas nuHus Ha3bIBaeTCs TMHKUEH CBA3H?
ITpu xaKoM MONOXXKEHUH OTHOCHUTENBHO MJIOCKOCTel MpoeKuuit mpsmasi Ha-
3BIBACTCS MIPSIMOH OOILETO MOJIOKESHUS?
Kak pacnosnoxena npsimas B cucteme Iuiockocreid H, V, W, ecnu Bce Tpu
MPOEKIMH OTpe3Ka ITOH MPsIMOI paBHBI MEXy COOOH?
Kak moctponTs MpoQuIbHYI0 NPOEKIHIO OTpe3Ka MPsIMON 00ILETo MoJIoxKe-
HUSI 110 IaHHBIM (DPOHTAIBHON M TOPU30HTANBHOM MPOEKLIUsIM?
Kakue nonoxxenus: mpsiMmoit TMHUM B cucteme Iuiockocrerd H, V, W cuura-
IOTCS] YaCTHBIMU?
Kak pacrionaraercs GpoHTaIBHAS MPOESKIHS OTPe3Ka MpsSMON JIMHUH, eCITH
€ro ropM30HTalIbHas MPOEKIHs PaBHA CAMOMY OTPe3Ky?
Kak pacrnionaraercst ropu3oHTanbHasi IPOEKIKs OTpe3Ka MpsMON JTMHUH, ec-
JM ero (pOHTAIbHAs IPOEKLUS paBHA CaMOMY OTpPEe3Ky?
Uro Ha3bIBaeTCS CIEAOM NMPSIMOM JIMHUU Ha TUNIOCKOCTH MPOEKINH?
Kakas koopauHarta paBHa HyJIIO:
a) 1715t GPOHTATBHOTO cliesia MPSMOH;
0) 1T TOPU3OHTAIIBHOTO Cliefia TIPSMOi?
I'ne pacronaraercss ropu3OHTalIbHAsI MPOEKLUSI (PPOHTAIBHOTO Cliesia Ipsi-
MO TUHUU?
I'ne pacronaraercst GppoHTaNbHas NMPOEKIXS FOPU3OHTAIBHOTO Cliesia Ipsi-
MO TUHUU?
Kak m3o06paskarorcst B cucteMe miockocteil A,V nBe mepecexaromuecs Ju-
Huu?
Kak MoryT OBITH pacIoyioxKeHbI B IPOCTPAHCTBE APYT OTHOCHUTEIBHO JpyTa
TOYKa U mpsimMast?
Kak onpenenuts 1o yepTexy, NPUHAUICKUT JIX TOUKA IPSIMON?
Kak ompenenuts, kakasi U3 IBYX (PpOHTaIBHO-KOHKYPUPYIOIINX TOYEK BHU-
numasi?
Kak ycTaHOBHUTB, Kakas W3 JABYX IOPU30HTAIbHO-KOHKYPHUPYIOLIUX TOYEK
HeBUaUMasA?
Kak cnemyer moHMMarh TOUKY IepecedeHusl MPOEKLUUH NBYX CKPELIMBaro-
LIUXCS TPSMBIX?
Kakoe cBOHCTBO mapajuieIbHOTO MPOSIUPOBAHUS OTHOCUTCS K ITapajuienb-
HBIM MIPSIMBbIM?
MOo>HO 71 TI0 YepTexKy JIBYX NPOQUIbHBIX NMPSMBIX B CHCTEME MJIOCKOCTeH
H,V onpenenuts, napaulesIbHbI JTH MEXy cOO0H 3TH NpsMble?
Kak nmoctpouts Ha uepTeke MpsIMOYTrONbHbIE TPEYTOJbHUKH AJIS ONpenene-
HUS JUIMHBI OTpe3Ka MPSMOH JIMHUM OOIIETo ITOJIOXKEHHUs! U ero yriioB Ha-
KJIOHA C TNIOCKOCTSIMU Ipoekuuid H u V?
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Questions to Chapter 3

. What location relative to the projection planes causes a line to be called “a

line of general position”?

. What is the locus of a line in the system of the planes H, V, W given all three

projections of the line are equal in length?

. How do we construct a profile projection of a line of general position given

its frontal and horizontal projections?

. What positions of a straight line in the system of H, V, W planes are consid-

ered to be the particular ones?

. What is the position of a frontal projection of a line-segment given its hori-

zontal projection is equal to the line-segment proper?

. What is the position of a horizontal projection of a line-segment given its

frontal projection is equal to the line-segment proper?

. What is referred to as “the trace of a straight line on a projection plane”?
. Which coordinate is equal to zero:

a) for a frontal trace of a line;
b)  for a horizontal trace of a line?

9. What is the locus of a horizontal projection of a straight line frontal trace ?
10.What is the locus of a frontal projection of a straight line horizontal trace ?
11.How are two skew lines denoted in the system of H, V planes?

12.What can you say about the intersection point of the projections of two skew

lines?
13.What property of parallel projection refers to the parallel lines?

14.Is it possible to determine parallelism of two profile lines by a drawing in the

system of H, V planes?
15.In what case is a right angle projected as a right angle?

16.Can a projection of an acute or obtuse angle, one arm of which is parallel to a

projection plane, be equal to the given angle in space?

17.How do we construct right triangles in a drawing in order to determine the
length of a segment of a line of general position and its inclination angles to

the projection planes H and V?
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