MABA 4. NNOCKOCTb

4.1. CnocoObl 3aaaHUsA NNOCKOCTH
Ha uepTrerxe miockocTh MOXKET OBITH 3a7aHa (puc. 4.1):

a) MPOEKIMSIMHU TPEX TOUEK, He JIeXKaluX Ha OJHON MPSMOii;

0) MPOEKIUAMH TPSIMOM U TOUKH, He JIexaleld Ha 3ToH MpsMOii;
B) MPOEKIMSIMHU JIBYX TTePECEKAIOIINXCS PSMBIX;

T') TPOEKLHUSIMH JIBYX MapajuIeTbHBIX MPSIMBIX;

) IPOEKIHUSIMU JIFOOO0M TIOCKOH (PUTYpBI;

e) clelaMH TIOCKOCTH.

b/ / , b/
° b b/ b d/
a/ 7 / ’ 4 ’ ﬂ/ PV
c a g o a C ,
L L ’
X l X l X X X X
J\ c c ¢ 3 PH
a a a a d a
op ) b b b
a 6 8 2 0 e

Puc. 4.1 (Fig. 4.1)

OT onHOrO 3aaHMs IUIOCKOCTH MOXKHO Mepeitu x npyromy. Hampumep,
npoBens depes Touku A u B (puc. 4.1, a) npsiMyto, MBI OT 3a1aHHs TUNIOCKOCTH Tpe-
Ms TOUKaMH TepeiieM K 3aJJlaHUI0 TUIOCKOCTH TOYKOW M mpsimoit (puc. 4.1, 6) u
T.J.

B psine ciyuaeB mrockocTs Oojiee HArJISIIHO MOXKET OBITH N300pakeHa pH
MTOMOIIY NPSIMBIX, IT0O KOTOPEIM OHA NepeceKaeT INIOCKOCTH MPOeKLHUii.

[IpsiMble, O KOTOPBIM IIOCKOCTD MepeceKaeT MIIOCKOCTH POeKINi, Ha3bl-
BaIOTCS ClieJIaMU IIOCKOCTH (puc. 4.2):

Py— dponTtanbHblii cien miockocty P;
P — rOpU30HTaNBHBIN Clle]] IIOCKOCTH P;
Py —npocunsHelii cnen mockoctyu P.

Touku nepeceyenus MIOCKOCTH ¢ OCSIMU Tpoekuuit (P, P, P.) Ha3bIBaloOT-
csl TOUKaMU CXO0/1a CJIEIOB.

Uto0bl MOCTPOUTH Clie/l MIOCKOCTH, HEOOXOJMMO MOCTPOUTH OJHOUMEH-
HBIE CIIe/Ibl ABYX MPSMBIX, JIEXKAIIUX B TUIOCKOCTH (pHC. 4.2).
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CHAPTER 4. REPRESENTATION OF A PLANE IN A DRAWING

4.1 Ways of Specifying a Plane

The position of a plane on a drawing may be specified in one of the follow-
ing ways (Fig. 4.1):

a) by the projection of three points not lying on one line;

b) by a line and a point projection not lying on one line;

¢) by projections of two intersecting lines;

d) by projections of two parallel lines;

e) by any plane figure projection;

f) by the plane traces.

It is possible to move from one way of specifying a plane to another. For
example, passing a line through the 4 and B points (Fig. 4.1, a) we move from
specifying the plane by three points to specifying it by a point and a line
(Fig. 4.1, b), etc.

In particular cases a plane can be represented more visually by means of its
intersection lines with the projection planes.

The intersection lines of a plane with the projection planes are called traces
of the plane (Fig. 4.2):

Prv - the frontal trace of the plane P;
Pu - the horizontal trace of the plane P;
Pw - the profile trace of the plane P.

The points of intersection of a plane with the axes are called the vanishing
points of traces (Fig. 4.2)
Construct the like traces of two lines lying in a plane to obtain a trace of the

plane.
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Fig. 4.2 (Puc. 4.2)
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4.2. NonoxeHne NIIOCKOCTU OTHOCUTESIbLHO MNSIOCKOCTEN NPOeKLUin

I11OCKOCTP OTHOCHTENBHO ILTOCKOCTEH HpOGKLII/Iﬁ MOXET 3aHUMAThb CJIC-
AYHOIUE MMOJIOKECHUSA:

1. HaknoHeHa KO BceM IUIOCKOCTSIM IIPOEKLUi;
2. [lepnenuKysspHa MIOCKOCTH MPOEKLNH;
3. [NapannenpHa MIOCKOCTH MPOSKLUH.

[TnockocTh, HE MEPNEHANKYISIPHYIO W He MapajulelbHyl0 HU K OJHOW U3
TUTOCKOCTEN TPOEKIN, Ha3bIBAIOT IJIOCKOCTBIO 00IIero nonoxkeHus. Takumu sB-
JISIFOTCS TUTOCKOCTH, H300pakeHHbIe Ha puc. 4.1, 4.2, a Takxke Ha puc. 4.3.
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Puc. 4.3 (Fig. 4.3) Puc. 4.4 (Fig. 4.3) Puc. 4.5 (Fig. 4.4)

[TnockocTh, KOTOpas IO Mepe yAaleHHs OT HaOJIIoJaTelsl MOBbIIaeTCsl, Ha-
3pIBaeTcsl Bocxoxsmien (puc. 4.4). [InmockocTs, MOHMKAOIIAsCS 110 Mepe YAaJIeHUS
OT HalJo1aTeNsl, Ha3blBaeTCsl HUCXO el (puc. 4.5).

PazniuuTh Ha yepTeke W300pakKeHUs] BOCXOMSIIEH M HUCXOMASIICH IIIOC-
KOCTel MOXKHO, IPOaHATN3APOBAB MPOESKIUH TPEYTOJIbHUAKA, KOTOPBIM OHA 3aJaHa.
N3 geprexa, Ha KOTOPOM M300pakeHa BOCXOJSIIAs TUIOCKOCTh (puc. 4.4), BUIHO,
yTO0 00e Tpoekuuu TpeyronsHuKa ABC, ropu3oHTalmbHas abc u (ppoHTaIBHAS
a'b'c', IMeIoT OTMHAKOBBIE 00XOBI TIOPSIKa 0003HAYEHUH (IT0 YaCOBOM CTpEJIKe).
IIpoeku Tpeyronparka A;B;C;, KOTOPHIMH 3aJaHa HUCXOMAIIAs IUIOCKOCTH
(puc. 4.5), UMEIOT MPOTHUBOIOJIOKHBIE O0XOABI 0003HAYEHHI: TOPH30HTAJIbHAS
a;b;c; — IPOTUB ABMIKEHUS YaCOBOM CTpeNKU, GpOHTANbHAS a ;b ¢} — 10 YacoBOH
CTpeJiKe.

IInockocmu wacmnozo nonoogicenus. [IIOCKOCTH, TIEPIICHANKYJISPHbIEC ITH
napajielbHble K TIOCKOCTSM MPOEKIHA, HA3bIBAIOT IUIOCKOCTSMH YacTHOTO MO-
JIOXKEHHS.

IInockocmo, nepneHOUKyIAPHYIO K NIOCKOCMU NPOEKYUll, HA3bI8AIOM NpO-
eyupyroueil.

1. I'opusoHTanbHO-Npoeupytoias miockocts: P(ABCD) L H (puc. 4.6).
2. ®dpoHTaNBHO-NIpOEIHpYIOLIas I0CKoCTh: Q(ABCD) L V (puc. 4.7).
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4.2 The Position of a Plane Relative to the Projection Planes

A plane may have the following positions relative to the projection planes:

Inclined to all projection planes;

Perpendicular to the projection plane;

Parallel to the projection plane.

A plane which is not perpendicular or parallel to any of the projection
planes is called an oblique plane (a plane of general position). The oblique planes
are shown in Figures 4.1, 4.2 and 4.3.

A plane which comes higher, the further it gets from a viewer, is referred to
as an ascending plane (Fig. 4.4). A plane which comes lower, the further it gets
from a viewer, is called a descending one (Fig. 4.5).

It is possible to distinguish representations of an ascending and a descend-
ing plane after analysis of the triangle the plane is specified by. The drawing of an
ascending plane (Fig. 4.4) shows that both of the ABC triangle projections (the plan
abc and the elevation a'b'c’) are designated clockwise. However, the 4;B;C; pro-
jections which specify the descending plane in Fig. 4.5, are designated in counter-
part ways - the plan a;b,c, is designated counter-clockwise, the elevation a';b';c'; -
clockwise.

The Planes of Particular Position. The planes perpendicular or parallel to
the projection planes are called the planes of particular position.

A plane perpendicular to a projection plane is called a projecting plane.

1. The horizontal projecting plane P(ABCD) L H

z
b’ z
> /l\’/a]\ - Py Pw
V IJ P W‘\»\\ B' W
Pv Pw
il = Py
= 0 < X
Pyl— >‘ — &\“\P}’
< BT Ny S,
>

P
J Wy
Fig. 4.6 (Fig. 4.6)

2. The vertical projecting plane Q(ABCD) L V

47



Aw

”

d” J/W

Puc. 4.7. (Fig.4.7)
3. [IpodunpHO-TIpoenupytomas miockocts: T(ABCD) L W (puc. 4.8).

Ha Ty niockocTs mpoeknuii, K KOTOpOH MIOCKOCTb NMePNeHANKYJIIsIpHA, OHA
Ipoenupyercs B MPSIMYIO JIMHUIO. DTy MPOEKIHI0 MOXHO paccMaTpUBaTh U Kak
cnen mnockoctu. Kpome Toro, Ha 3Ty IIIOCKOCTh MPOEKLHH B HATYpallbHYIO BENH-
YUHY MPOELUPYIOTCS YIIIbl HAKJIOHA JAHHOHM IJIOCKOCTH K ABYM JIPYTUM ILIOCKO-
CTSIM IIPOEKIUH.

[poemupyromye MIOCKOCTH 00Iaal0T CIEIYIOIINM BaXHBIM CBOMCTBOM,
Ha3bIBaeMBIM COOHMpATEIbHBIM: €CIHM TOYKa, JUHUS WX (PUIypa pacloyIOKeHbI B
IJIOCKOCTH, EPIEeHAUKYIIPHOH K MIOCKOCTH MPOEKLHH, TO Ha 3TON MIOCKOCTH MX
MIPOEKIMY COBMAJAIOT CO CIEOM MpOoeLUpPYOIei MI0CKOCTH.

ITnockocmu, napannenvhvie NIOCKOCMU NPOEKYUll, HA3LIBAIOMCSA NIOCKO-
cmamu yposHs. TI10CKOCTH ypOBHS NepHEeHAUKYISPHbI OJHOBPEMEHHO K ABYM
IUIOCKOCTSIM MPOEKIHUH (IBOSKO MPOELUPYIOIIHUE).

1.I'opusonTanbhas miockocts P(ABCD) Il H (puc. 4.9).
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Puic. 4.9 (Fig. 4.9)
2.@pouTanpHas miockocte Q(ABCD) Il V (puc. 4.10).
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3. The profile projecting plane T(ABCD) L W

Tv

Fig. 4.8 (Puc. 4.8)

A plane projects to a perpendicular projection plane as a straight line. This
projection can also be considered as a trace of the plane.

There is an important property of the projecting planes, called a collective
one: if a point, a line or a figure are contained in a plane perpendicular to the pro-
jection plane, their projections on the above plane coincide with the trace of the
projecting plane.

The planes parallel to the projection planes are called the planes of level
(the level planes). The level planes are perpendicular to two projection planes si-
multaneously (double projecting planes).

1. The horizontal plane P(ABCD) [|H
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Fig. 4.10 (Puc. 4.10)

2. The frontal plane Q(ABCD) /| V (Fig. 4.10).
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3. Tlpodunbhast miockocts T(ABCD) Il W (puc. 4.11).
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Puc. 4.11 (Fig. 4.11)

Jlro6as nuHUs unu Qurypa, jgexaas B INIOCKOCTH YPOBHSI, IPOSLAPYyeTCs
0e3 MCKaXeHHS Ha Ty IUIOCKOCTh MPOEKIHNi, KOTOPOH JAaHHAas IIOCKOCThH IMapai-
nenbHa. Ha nBe npyrue miockocTy NpoeKnuii INOCKOCTh YPOBHS IPOENUpyeTcs B
BUJIE OTPE3KOB MPSMBIX JTUHUHN (CIe10B), NepIEeHIUKYISIPHBIX OCHU MIPOESKIUH, pa3-
JeTISIoLIel 9TH TNIOCKOCTH MPOEKIHUH.

4.3. Touka u npsimas B NSIOCKOCTH

K 4rcity OCHOBHBIX 3aj1a4, pelIaeMbIX Ha IJIOCKOCTH, OTHOCSIT: ITPOBE/ICHIE
B IUIOCKOCTH MPSIMO#; MOCTPOEHHE B IJIOCKOCTH HEKOTOPOH TOYKH; MOCTPOCHUE
HeJI0CTAroIIel MPOeKIUK TOYKH, JieXkalllel B TUIOCKOCTH; MPOBEPKa MPUHAJICHKHO-
CTH TOYKH ITIOCKOCTH.

Pewienne 3TUX 3a/a4 OCHOBBIBAETCS HA M3BECTHBIX MOJOXKEHUSX TEOMET-
puM: TpsiMas TIPHHAJISKUT IUTOCKOCTH, €CIIM OHA MPOXOIHUT 4epe3 JIBE TOUKH,
MIpUHAAJIekKAle MIOCKOCTH, WIM eClIM OHa MPOXOJUT uepe3 OJHY TOYKY ITOH
TUTOCKOCTH MapaljIeNIbHO MPSIMOM, Jie)Karleil B 3TOH IIIOCKOCTH.

HOCWZpO@HH@ 8 niockocmu np;zMoﬁ JUHUU

UYToOBI TOCTPOUTH B IJIOCKOCTH MPSMYI0 JUHUIO (puc. 4.12), Heo6X0oanMO
OTMETHUTH JIB€ TOUKH, IIPHHAJIEXKAIINE 3TON IIOCKOCTH, HallpuMep, TOUKu 4 u /,
U Yepe3 HUX MpoBecTH Npsamyto A7 (al ua’l’).

Ha puc. 4.13 npsimast Bl npuHa[uIeXKUT IIIIOCKOCTH TpeyronbHuka ABC, Tak
Kak OHa IPOXOAMT 4epe3 BepLIMHY B W mapajuiensHa CTopoHe TpeyroinbHuka 4C
(b'1’'llac’ubl Il ac).

Hocmpoeuue 8 niockocmu HeKOWlOpOZ) mouKu

Touka NpUHAATIEKUT MIIOCKOCTH, €CIIM OHAa MPUHAIJIEKUT NMPSIMOH, Jexa-
el B ’TOU IJIOCKOCTH.

JlJ1s1 moCcTpoeHus: B MJIOCKOCTH TOYKH B HEM IPOBOIST BCIIOMOTaTelbHYHO
MPsIMYIO U Ha Hel OTMEYaloT TOUKY.
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3. The profile plane T(ABCD) /W (Fig. 4.11)
Any line or figure contained in a level plane parallel to a projection plane,
projects to the last plane in true shape.

4.3 The Point and the Line in the Plane

The following problems are considered to be the principal ones among
those being solved in the plane: drawing a line in a plane; constructing a point on a
plane; constructing a lacking projection of a point contained in a plane; checking of
a point belonging to a plane.

Solution of the above problems is based on well-known geometric princi-
ples: a line belongs to a plane, if it passes through two points belonging to the
plane; or if it passes through one point of the above plane and is parallel to a line
contained in the plane.

Fig. 4.12 (Puc. 4.12) Fig.4.13 (Puc. 4.13)

Construction of a straight line in a plane

To construct a straight line in a plane (Fig 4.12) it is necessary to specify
two points contained in this plane, say, the points 4 and /, and draw the line A/
through them (a/ and a'l’).

Fig. 4.13 - The line B/ belongs to the plane of the triangle ABC as it passes
through the vertex B and is parallel to the side AC (b'1" J/a'c’ and b1/ ac).

Construction of a point in a plane

A point belongs to a plane if it lies on a line contained in this plane.

To construct a point in a plane draw an auxiliary line in it and specify a
point on this line.
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Puc. 4.14 (Fig. 4.14) Puc. 4.15 (Fig.4.15)

Ha yeprexe miockocTu, 3aJaHHON NMPOESKIUSIMUA TOUKU A4 (a ¥ a’) 1 IpSIMOit
BC (bc u b’c) (puc. 4.14), nmpoBeZiecHbI TIPOEKIIUN BCIIOMOTATENbHON MpsIMOi A [
(al u a’l), npunaanexaine#t miockoctu. Ha He#t oTMedeHs! npoekiuu d u d’ To4-
KM D, npuHajexamneil 3Toi MI0CKOCTH.
Tocmpoenue Heoocmaroweti npoexyuu mouxu

Ha puc. 4.15 mockocts 3anaHa TpeyroiabaukoM ABC (abc ua’b c).
IMpunannexanias 3Tol TIOCKOCTH Touka D 3amana npoekuueit d’ TpeOy-
eTCsl HAWTU FOPU30HTAIBHYIO POeKIHIo Touku D. Ee cTposT ¢ MOMOILBIO BCIIOMO-
raTelbHON MPSIMOM, MpUHAIeXKAIIel TUIOCKOCTH U MpoXosimeil depe3 Touky D.
st aToro npoBoauM (GpOHTANBHYIO NPOSKIMIO NPsIMON A/, CTPOUM ee TOpU30H-
TaJIBHYIO MPOEKLHIO a/ 1 Ha Hell 0TMeYaeM FOpU30HTAIBHYIO TPOEKIHUIO d TOUKH.
IIposepka npunaonesicHocmu MouKy NIOCKOCMU

JIist mpoBepKH MPUHAIEKHOCTH TOUYKH TJIOCKOCTH UCIONB3YIOT BCIIOMO-
raTelpHyIo MPSMYI0, MPUHANJISKAIIYIO IIOCKOCTH. Tak, Ha puc. 4.16 MIOCKOCTh
3aJaHa MapajieIbHbBIMA MPsIMBIMA AB 1 CD, Touka — npoekiusMu e U e’ [Ipoek-
LIUM BCIIOMOTaTeNIbHON MPSMOM MPOBOASAT Tak, YTOOBI OHA MPOXOUIIa Yepe3 OJHY
n3 mpoeknuil Touku. Hanmpumep, GppoHTanbHas NpOeKIys BCIIOMOraTeNIbHOW Hpsi-
Moii /- 2/ IpOXOOMT 4Yepe3 (PPOHTANBHYIO MPOEKIHIo Touku e [locTpouB ropu-
30HTAJIBHYIO MPOEKIHIO PsIMON [ - 2, yOexxaaemesl, YTO TOPU30HTaNbHAs TIPOEK-
ous e TOYKM el He mpuHamnexxuT. CienoBaTelbHO, Touka £ He NpUHAJIEKUT
MIOCKOCTH.

4.4. 'maBHble NIMHUM NJIOCKOCTHU
HpHMBIX, NnpruHaIeXKalnuX MIO0CKOCTH, MHOXECTBO. Cpezm HUX BBIACIISAIOT
npsAMbI€, 3aHUMArOIIUE OCO60€, YaCTHOE MOJIOKEHHUE B IUIocKocTH. K HUM OTHO-
CAT — TOPU3OHTAIH, (PPOHTANH, TPOGUIIBHEIE MPSIMblEe ¥ JTMHUUA HAHUOOJBIIETr0 Ha-
KJIOHa K IIJIOCKOCTSM HpOGKLIldﬁ. 9Tl/l JIMHUU Ha3bIBAIOTCS IJIAaBHBIMU JIMHUSIMU
IIJIOCKOCTH.
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TI'opuzonmans — npsimMas, nexainasi B IIOCKOCTU U TapaieibHasi TOPU30H-
TaJbHOMU TIOCKOCTH Mpoekiuit (puc. 4.17).

Projections of the auxiliary line 4/ (al and a'l’), belonging to the plane
specified by the projections of the point 4 (a and a') and the line BC (bc and b'c")
(Fig. 4.14), are drawn in the above plane. Mark down on it the projections d and d"'
of the point D, belonging to this plane.

Construction of a lacking point projection

The plane on Fig. 4.15 is specified by the triangle ABC (abc and a'b'c").
The point D belonging to this plane is specified by d'. Find the horizontal
projection of the point D. It may be found by a construction of an auxiliary line be-
longing to the plane and passing through the point D. To do this draw the frontal
projection of the line 417, construct its horizontal projection a/ and mark off on it
the desired horizontal projection d of the point.
Testing if a point belongs to a plane

[\ Use an auxiliary line included in a plane to
2/

check whether the point belongs to this plane. The

plane on Fig. 4.16 is specified by the parallel lines

AB and CD, the point - by the projections e and e'.

g4’ Draw the projections of the auxiliary line to pass

through one of the point projections. For example,

the frontal projection of the auxiliary line /'-2’

7 passes through the frontal projection of the point e'.

Construct the horizontal projection of the line 7-2.

It is obvious from the drawing that the horizontal

2 projection e of the point does not belong to it. Thus,
the point E does not belong to the plane.

c
Fig. 4.16 (Puc. 4.16)

4.4 The Principal Lines of the Plane

There are a lot of lines belonging to a plane. Those of them  which have
a special or particular position should be distinguished. They are: H parallels or
horizontal lines, V" parallels or frontal or vertical lines, profile lines and lines of
maximum inclination or the steepest lines. The above lines are referred to as the
principal lines of the plane.

H parallels or horizontal lines are lines lying in a given plane and parallel
to the horizontal plane of projection (Fig. 4.17).
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®@ponmany — npsiMasi, Jiexalas B IJIOCKOCTH U IapaulelbHas (GpOHTaIIb-
HOW MmIocKocTH mpoekuuit (puc. 4.18). 'opusoHTadbHAS MpoeKius GppoHTaTH ¢/
napajuielibHa OCH X, Mpo(uIbHas — OCH z.

IIpogunvnas npamas — nipsMasi, Jexalnasi B IUNIOCKOCTH W NapajlielbHas
MPOGUIBHON IUIOCKOCTH TpPOeKIui. ['opr3oHTanbHas MpOeKnus NPOGMIEHON
npsiMoii b/ mapasensHa ocu y, GppoHTanbHas — ocH z (puc. 4.19).
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Puc. 4.17 (Fig. 4.17) Puc. 4.18 (Fig. 4.18) Puc. 4.19 (Fig. 4.19)

PaccMoTpeHHBIE JMHUM SBISIOTCS JIMHUSMHA HaWMEHbBIIEro HaKJIOHA K
IJIOCKOCTSIM MPOEKLIMA.

W3 Tpex nuHMi HauOOJBIIEro HaKJIOHA K MIOCKOCTSIM MPOEKIUNA OTMETHM
JIMHUIO HauOOJNBIIET0 HAKIOHA K TOPU3OHTAIBHON INIOCKOCTH. DTy JMHUIO Ha3bl-
BaIOT JIMHUEHN CKaTa.

Jlunusa ckama — 370 mpsAMasi, eXalasl B INIOCKOCTH U TepINEeHANKYITpHAs
ee TOpPU3OHTAIBHOMY cliefly miu ee ropuzoHtanu (puc. 4.20). [ToctpouB nuHUIO
HauOOJBIIETO HAKJIOHA Ha YepTexe, MOXKHO ONPENeNIUTh BeIMYNHY NBYTPAHHOTO
yria Mexay 3aJaHHOH IIOCKOCTBIO M IUTOCKOCTBIO MPOEeKUUi. DTOT yron Oyaer
paBeH JWHEHHOMY YTy, KOTOPBIH COCTaBNISeT JIMHUS HauOOJBIIEro HaKJIOHA CO
CBOEH MpOeKLUel Ha 3Ty MIOCKOCTb.

JInst onpefenieHys yrila HaKJIOHA UCTIONIb3yeM MeTOJ MPSIMOYTOJIBHOIO Tpe-
yromeHEKa (puc. 4.21).

4.5. BzaumHoe nonoxeHue npsiMmoi U NAOCKOCTH

B3anMHoe monoxeHne MpsSMON U TUIOCKOCTH OTIPENeNsIeTCs] KOJTMYeCTBOM
00LIUX TOYEK:

a) ecy mpsMasi UMeeT JiBe oOIMe TOUYKH ¢ IUNIOCKOCTBIO, TO OHAa MpHHAI-
JISKUT TOH IIIOCKOCTH;

0) eciu mpsiMasi IMeeT OJHY OOIIYIO TOYKY C IUIOCKOCTBIO, TO TpsiMasi Tie-
peceKkaeT IIOCKOCTh;

B) eclli TOYKa IepecedeHus MpsIMOH C MIOCKOCThIO yAajeHa B GecKoHed-
HOCTB, TO IIpSIMast U TJIOCKOCTH ITapajuleNbHBIL.
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The frontal projection a’1’ of the horizontal line is parallel to the x axis, the
profile one - to the y axis.

V parallels or frontal or vertical lines are lines lying in a given plane and
parallel to the vertical plane of projection (Fig. 4.18). The horizontal projection c/
of the frontal line is parallel to the x axis, the profile one - to the z axis.

Profile lines are lines lying in a given plane and parallel to the profile plane
of projection. The horizontal projection b/ of the profile line is parallel to the y
axis, the frontal one - to the z axis (Fig. 4.19).

The lines considered above are the lines of minimum inclination to the
planes of projections.

Among three lines of maximum inclination or the steepest lines let us mark
out the inclination line to the horizontal plane. It is called the steep line.

The steep line is a line lying in a given plane and perpendicular to its hori-
zontal trace or to its H parallel (Fig. 4.20). Having constructed the steepest line in a
drawing, one may determine the size of the dihedron between the given and projec-
tion planes. This angle is equal to the linear angle between the steepest line and its
projection on the plane.

Use the method of a right triangle to determine an angle of inclination.

b/

b
Fig. 4.20 (Puc. 4.20) Fig. 4.21 (Puc. 4.21)

4.5 The Relative Positions of a Line and a Plane

The relative positions of a line and a plane are determined by the quantity
of points belonging both to the plane and to the line:

a) if a line and a plane have two common points, the line belongs to the
plane;

b) if a line and a plane have one common point, the line intersects the
plane;

c) if the point of intersection of a line and a plane is at infinity, the line and
the plane are parallel.
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3amaum, B KOTOPBIX ONPENEeNIeTCs] B3aMMHOE PACIIONOXEHHE Pa3IMIHBIX
reoOMeTPUYECKUX (UIYp OTHOCHUTEIBHO APYT APYra, Ha3bIBAIOTCS MO3UIMOHHBIMU
3a/1a4aMHu.

Ilpsmaa napannenvHa naockocmu, €Cli OHa TapaiyielbHa KaKoW-HUOYIh
MIPSIMOMA, JieXKaled B 3TO# MIocKocTH. UTOOBI MOCTPOUTH TaKyl MPSIMYIO, HaJO B
IUIOCKOCTH 331aTh NPSIMYIO U NapaijielbHo el IPOBECTH TpedyeMyro.

ITycth "yepe3 Touky A (puc. 4.22) HEOOXOIUMO TPOBECTH NpsMYI0 4B, Tia-
paJIeNbHYIO TUIOCKOCTH P, 3amaHHOW TpeyronsHukoM CDE. Jlns 3Toro depes
a’ J (pOHTANBHYI0 TPOEKIUIO a’ TOUYKH A TIpoBe-

JIeM (GpOHTaNBHYI0 mpoekiuio ab’ uckomoi

c’ MPSIMOM TTapauIebHO (HPOHTATBHON MPOEKIIUH

, OO0 MpsIMOH, Jiexalledl B TIOCKocTH P, Ha-

npumep, npsmoit CD (a’b’ll ¢'d’). Yepes ropu-

q 30HTaJIbHYIO MPOEKIHMIO a TOUKHU A Mapaieib-

HO c¢d TIPOBOJIMM TOPH30HTAIBHYIO MPOCKIIHIO

c ab uckomoii ipsimoit AB (ab Il cd). Tpsimast AB

g TapajulelbHa IUIOCKOCTU P, 3amaHHOH Tpe-

yroneHukoM CDE. Ilpsmast Oyner Takxe mna-

Puc. 4.22 (Fig. 4.22) pannenbHa IUIOCKOCTH, €CIM OHa JIEKUT B
IIJIOCKOCTH, NMapajieIbHOW JaHHOM.

[7/

Ilocmpoenue mouxu nepeceuenus NPAMOLL ¢ NIOCKOCHbIO

3ajada Ha NMOCTPOEHME TOUKHU MepecedeHHs NPsSMON C MIOCKOCTBIO IUPO-
KO NpHUMeHsieTcsl B HauepTaTenbHOU reomeTpuu. OHa JIEKUT B OCHOBE 3ajay Ha
nepeceyeHne IByX IIOCKOCTEH, MMOBEPXHOCTH C IIOCKOCTBIO, MPSIMOI C MOBepX-
HOCTBIO M Ha B3aMMHO€ IlepecedeHre NOBEPXHOCTEH.

IlocTtpouts TOUKy mepeceueHUs: MPSMOM C IMJIOCKOCTHIO — 3HAUUT HAWTH
TOYKY, NPUHAJIEKAIIYI0 OJHOBPEMEHHO 3aJaHHOM NpsiMol 1 rutockocty. ['padu-
YecKM Takas TOUKa oIlpejenseTcs, Kak Touka IepecedeHus IpsIMoi ¢ IMHUeH, je-
JKalleH B MIIOCKOCTH.

IInockocmy 3anumaem npoeyupyioujee noaodiceHue

Ecnu miockocTs 3aHHUMaeT MpoeLUpyrollee MOoNoKeHUue (HampuMmep, OoHa
MePIeHIUKYISIpHA (POHTANFHON TUTOCKOCTH MpoeKiuid — puc. 4.23), To (QpoH-
TanbHas MPOEKIHS TOYKH IepecedeHus] NOJDKHA OJHOBPEMEHHO INpHUHAAJIEekKaTh
(pOHTATBHOMY CJely TUIOCKOCTH M (DPOHTAIBHON MPOEKLMH INpSIMOH, TO €CTh
OBITH B TOUKe MX NepeceyeHus. [1oaToMy BHaudane onpeneneHa ppoHTalbHAas IPo-
exuus k’Touku K (Touky nepecedeHus npsiMoit AB ¢ ppOHTaNBHO-IIPOCLUPYIOIIEH
miockocThio Q (A CDE), a 3aTeM ee rOpU30HTalIbHAsI IPOEKIIUSI.

IIpsamasn 3anumaem npoeyupyioujee noaodlceHue

@®poHTanpHas MPOEKIHs TOYKH — TOYKa k’COBMaAaeT ¢ Toukamu a’ U b’
Jlnst mocTpoeHus! TOpU30HTANIBHOM MPOEKILMH TOUKHU NepecedeHus IpoBeeM depes
Touky K B miockoctd P mpsimyro (Hampumep, /—2). BHauane moctpoum ee (hpoH-
TaNbHYIO MPOEKIIHIO, a 3aTEM FOPU30HTANBHYIO.
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The problems in determining the relative positions of different geometric
figures are called positional problems.

A line is parallel to a plane if it is parallel to any line contained in this
plane. To construct such a line, specify a line in the plane and draw the required
one parallel to it.

Through point A4 (Fig. 4.22) draw the line AB parallel to the plane P, which
is specified by the triangle CDE. To do this through the frontal projection a' of the
point A draw the frontal projection ab of the required line parallel to the frontal
projection of any line contained in the plane, say, the line CD (a'b’ J/c'd"). Parallel
to cd through the horizontal projection a of the point 4 pass the horizontal projec-
tion ab of the desired line AB (ab //cd). The line 4B is parallel to the plane P speci-
fied by the triangle CDE.

Construction of the intersection point of a line and a plane.

The problem of the construction of intersection point of a line and a plane
is widely used in descriptive geometry. It is fundamental for the problems of: the
intersection of two planes; of a plane and a surface; a line and a surface; and on the
mutual intersection of surfaces.

To construct the point of intersection of a line and a plane means to find a
point belonging to both, a given line and a plane. Graphically this is a point of in-
tersection of the straight line and a line contained in the plane.

The plane has a projecting position.

If a plane has a projecting position (for example, it is perpendicular to the
frontal plane of projections - Fig. 4.23), the frontal projection of the cutting point
must belong to both the frontal trace of the plane and the frontal projection of the
line, i.e. to be in the point of their intersection. That is why, first the frontal projec-
tion of the point K is determined (the cutting point of the line 4B and the frontal
projecting plane Q(ACDE), and then its horizontal projection.

e’ d

Fig. 4.23 (Puc. 4.23) Fig. 4.24 (puc. 4.24)
Fig. 4.24 shows the oblique plane P (ACDE) and the frontal projecting line
AB, cutting the plane at the point K. The frontal projection of the point (the point k)
coincides with the points a' and 4'. Draw through the point K in the plane P a
straight line (say, /-2) to obtain the horizontal projection of the intersection point.
First construct its frontal projection, then - the horizontal one.
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Touka K siBisieTcst TOUKOH nepecedeHus npsiMelx AB u 1-2. To ecTb Touka
K oIHOBpEeMEHHO JIe)KUT Ha NpsSMOit AB U B TNIOCKOCTH P U, Clel0BaTeNbHO, SBIs-
€TCs1 TOUKOM UX MepecedeHHUsl.

IIpsamas u niockocme 3aHUMAaiom obuyee NON0AHCeHUe

B sToM cnyvae nuHUs, nexallas B MJIOCKOCTH U MepeceKarolascs ¢ JaH-
HOW TNpSIMOM, MOeT OBITh MOJydeHa KaK JIMHUS IepecedeHus] BCIIOMOraTelIbHON
CeKylled IUIOCKOCTH, MNPOBEISHHOW 4Yepe3 NpsMYIO, C JaHHOH MIOCKOCTBIO
(puc. 4.25).
Touky nepeceueHus: MpsMON C IIOCKO-
CTBIO CTPOST IO CIIeIYIOLIeMy IIaHy:

1. Yepe3 npsimyto AB HpoBOAUM BCIIO-
MOTaTeNbHYIO INIOCKOCTh P (Jrydiie mpo-
N CLHPYIOLILYIO);
2. Ctpoum nuHuto nepeceueHuss MN 3a-
[ Q nanHoi miockoctd Q (4 CDE) u Bcro-
MOTaTeJIbHOU TIOCKOCTH P;
3. Tak xak npsmele AB u MN nexat B
Y B OJHOM MJOCKOCTH P, TO omnpenensem
TOYKY WX TepecedeHust — TouKy K, KoTo-
past sIBIsieTCs TOUKOH IepecedeHust mpsi-
Mot AB ¢ mnockocThio Q.
Puc. 4.25 (Fig. 4.25) Jns ompeseneHuss BUIUMBIX y4YacTKOB
npsiMoi AB aHanu3upyeM IOJIOKEHUE TOUYEK Ha
CKPEIIMBAIOLINXCS MPIMBIX (KOHKYPHUPYIOIINX TOUEK ).
Tak, Touku M u L HaxoAsTcs Ha CKpelluBaromuxcs npsimeix AB u CD:

MeCD L €4B. VIx ¢pponTansHble npoekuun m v [’ coBnagator. [1o ropusoHTans-
HOH NPOEKLUH IIPHU B3IIIsAE MO CTPEeNKe Ha INIOCKOCTh V BUAHO, 4TO ToukKa L (TIpo-
ek /) HaxomuTes nepes Toukod M (poeKuust m) , TO eCTh OHa 3aKpbIBaeT TOY-
Ky M mipu mmpoerpoBaHUH Ha (PPOHTANIBHYIO IIIOCKOCTh. ClieioBaTeNnbHO, MpsIMast
AB cneBa ot Touku K pacnionoxxeHa nepen TpeyroisHiukoM CDE ¥ Ha (pOHTaIb-
HOW mpoekiu oHa Oyner BuauMma. OT Touku K BHpaBo NpsiMyro AB 3akpbiBaeT
TpeyronsHUK CDE 10 TO4YkH N, COOTBETCTBEHHO OTPE30K k 71 TOKa3aH KaK HEBH-
JTIUMBIH.

HeBuauMmslii y4acToK Ha TOPH30HTAILHOM MPOEKINH NPsIMOH AB BBISBIICH

aHaM30M TIoNIoKeHus Touek [ u 2 (1 EDE, 2 EAB), npuHaIIEKAINUX CKPELIH-
BaroiumMcsi npsiMbiM AB u DE. Tlo ¢poHTanbHOW NMPOEKUUH BHIHO, YTO €CIH
CMOTpETh MO CTPENIKe Ha MIOCKOCTh [, TO BHayalle BUHO TOUYKY /, pacroyokKeH-
Hy!0 BbllIe ToukH 2. Ha ropu3oHTabHOM MpoeKLru Touka / 3aKpbiBaeT Touky 2. B
9TOM MecTe npsimasi AB 3aKkpbiTa TpeyroJlbHUKOM DEF 10 TOUKH UX IepecedeHust
K (y4acTok mpoekuuu k2).
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The point K is the point of intersection of the lines 4B and /-2. It means
that K belongs to both, the line AB and the plane P and, therefore, is the point of
their intersection.

The line and the plane have a general position.

In this case a line lying in the plane and intersecting the given line may be
obtained as a line of intersection of an auxiliary plane passed through the line with
the given plane (Fig. 4.25, 4.26)

To determine the point of intersection of a straight line and a plane proceed
as follows:

Pass an arbitrary auxiliary plane P through the line 4B (the simplest way is
to pass a projecting plane);

Find the line MN of intersection of the given [Q (ACDE)] and auxiliary (P)
planes;

As the lines 4B and MN lie in one plane P, the point of their intersection
(K) yields the desired point.

Determine the relative visibility of the line 4B and the plane Q.

4 WU H To determine the visible sec-

tions of the line AB analyse the posi-

7 tion of the points on the skew lines
(the competitive points).

The points M and L are situ-
C K ated on the skew lines AB and CD:

Val T b MeCD, LeAB. Their frontal projec-

Pv _,
\H Z/

tions m' and /' coincide. The horizon-
tal projection shows that, if the V'
h plane is viewed in the direction of the
arrow, the point L (projection /) is
situated in front of the point M (pro-
jection m), i.e. being projected on the

¢ frontal plane it covers the point M.
* n e Therefore, the line 4B to the left of

Ha v the point K is situated in front of the

Fig. 4.26 (Puc. 4.26) triangle CDE, and it is visible on the

frontal projection. The triangle CDE
covers the line AB to the right of the point K up to the point N, that is why the seg-
ment k'n' is shown as an invisible one.

The invisible part of the horizontal projection of the line 4B is determined
by analysis of the position of the points / and 2 (/ eDE, 2€AB), belonging to the
skew lines AB and DE. The frontal projection shows that, if the H plane is viewed
in the direction of the arrow, the point /, which lies above the point 2, is visible
first. On the horizontal projection the point / covers the point 2. In this section the
line AB is covered by the triangle DEF as far as the intersection point K (the pro-
jection section £2).
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4.6. BsaumMHoe nonoxeHue nnockocTen

OO0muM citydaeM B3aMMHOTO ITOJIOXKEHMS JIBYX IUIOCKOCTEH SIBISIETCSI MX
nepecedeHre. B yacTHOM ciydae, Korza JMHHS II€pPeceyeHus yaajeHa B OecKo-
HEYHOCTb, MIJIOCKOCTH CTAaHOBATCS NapajnenbHbIMU. [lapasinensHble MIOCKOCTH
COBIAJAOT IIPY COKPALIEHUU PACCTOSHUS MEXKIY HUMU JI0 HYJIS.

Iapannenvhvie nrockocmu

[Tnockoctn OymyT mapanielbHBIMH, €CIU J[BE MEepEeCceKaroluecs: Mpsmble
OJHOW TIJIOCKOCTH COOTBETCTBEHHO MapajUIeNIbHBI JByM IIepeceKaroluMCs Mps-
MBIM JPYTO# MIOCKOCTH.

Ecmu vepes touky D (puc. 4.27) TpebyeTcss MpOBECTH ILIOCKOCTh, Mapal-
nenpHyto 3anaHHoi (4 ABC), To 4epe3 TOUYKY IIPOBOAUM JBE MpSMBbIE, apanieb-
HBIE JIByM JIIOOBIM NpPSIMBIM, HaXOJISIIMMCS B 3aJaHHOM IIOCKOCTH, Harpumep,
CTOpOHAM TpeyroJbHHUKA.

D/
C a’ 4
oy ~
[/
5 b
X
G /f
/41 dq a
B, b

Py

Puc. 427 (Fig. 4.27)

Hepecekaiomuec;l njiockocmu

JInnus nepecevyeHus AByX IIOCKOCTEMN OIMpeaAeIAeTCa AByMs TOYKaMH, Ka-
JKaass U3 KOTOPBIX MPUHAAJIC)KUT obenm IIJIOCKOCTAM, UJIHN OJTHOM TO‘IKOﬁ, npuHan-
JIexalen ABYM IIJIOCKOCTSIM, U U3BCCTHBIM HallpaBJICHUEM JIMHUU. B o6oux ClIy-
qasgax 3ajjada 3aKIro4acTCsa B HAXO0XACHUHU TOYCK, 06H.II/IX AJI1 IBYX TJIOCKOCTEH.

Ilepeceuenue 08yx npoeyupyrowux niockocmeti

Ecny mnockocTd 3aHUMArOT YacTHOE IMOJIOKEHUE, HallpuMep, Kak Ha pHC.
4.28, SBISAIOTCS TOPU3OHTAIBHO-TIPOCHUPYIOMINMH, TO HPOEKIMS JIMHUKM IHepece-
YeHHsI Ha IUIOCKOCTh MPOEKLHii, K KOTOPO# JaHHbIEe INIOCKOCTH MepIEeHANKYIISIPHBI
(B maHHOM ciTyyae K TOPH30HTaNBHOM), OyaeT Touka. OpoHTaNbHAs TPOEKLUS JIU-
HUH TIepeceyeHusl epIeHIMKYJIspHaA OCH POESKLHi.

Ilepeceuenue npoeyupyroweti NIOCKOCMU U NAOCKOCMU 00Uje20 NOJIONHCEHUSL
B sToM ciydae oHa NpoeKIysl TUHAN TIepecevdeHus COBIagaeT ¢ MPOeKIH-
el mpoeLupyoIlel IOCKOCTHA Ha TOM MIIOCKOCTH MPOEKLUi, K KOTOPOH OHa mep-
neHaukyispHa. Ha puc. 4.29 nokazaHo noctpoeHue NpoeKLU JIMHUM Iepeceye-
HUSI (PPOHTATBHO-TIPOSIUPYIONIEil IOCKOCTH, 3a/laHHOM cienamH, a Ha puc. 4.30
— TOPHU30HTAJIBHO-TIPOSUPYIOIIEH MIOCKOCTH, 3alaHHOH TpeyronpHukoM ABC ¢
IUTOCKOCTBEO OOIIIEro MOJIOKEHHS, 3a1aHHO# TpeyroabHuKoM DEF'.
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4.6 Mutual Positions of the Planes

A general case of the mutual positions of planes is their intersection. In the
particular case when the intersection line is at infinity, the planes become parallel.
The parallel planes coincide when the distance between them is shortened to zero.

The parallel planes

The planes are considered to be parallel if two intersecting lines of one
plane are relatively parallel to two intersecting lines of the other (Fig. 4.27)

To pass through the point D a plane parallel to a given plane (44BC), draw
two lines through the point, parallel to any two lines contained in the given plane,
say, the triangle sides.

Intersecting planes

The line of intersection of two planes is determined by two points, each be-
longing to both planes; or by one point, belonging to both planes, plus a given di-
rection of the line. In both cases the problem is to find the point common to both
planes.

Intersection of two projecting planes

If the planes are of a particular position (say, a horizontal projecting one,
like in Fig. 4.28), the projection of the intersection line on the plane of projections
to which the given planes are perpendicular (in this case, to the horizontal one)
comes to be a point. The frontal projection of the line of intersection is perpendicu-
lar to the projection axis.

’

Pv on Qv ,

~
Q

Fig. 4.28 (Puc. 4.28)

Intersection of a projecting plane and an oblique plane

In this case, one projection of the line of intersection coincides with the
projection of the projecting plane on that projection plane to which it is perpen-
dicular. Figure 4.29 shows the construction of the projections of the intersection
line of the frontal projecting plane specified by traces; Figure 4.30 - of the horizon-
tal projecting plane specified by the triangle ABC with the plane of general position
specified by the triangle DEF.

61



Ha ¢ponTanbHoit npoekuuu (puc. 4.29) B nepecedeHru cliefia MIOCKOCTH
P, u cropon DE u DF tpeyronsauka DEF HaxomuM (GppoHTaIbHEBIE IPOSKIMH 71 |
n’ muHAN niepecedeHus. CTPos TMHAN CBSI3H, HAXOIUM TOPH30HTAIBHEIE TPOCKIINN
Touek M u N NUHUU NlepeceveHusl.

IIpn B3rmsize Mo cTpeike Ha IUIOCKOCTh H 1O (pOHTANBHOM NpOEeKIUH
BUJIHO, YTO YacTh TPEYTOJIbHUKA JIeBee JIMHUM nepecedeHuss MN (m'n’) HaxonuTcs
HaJl INIOCKOCTBIO P, TO ecTh OyaeT BUANMON Ha FOPU30HTAIBHOMN MIIOCKOCTH TPO-
exuid. OcTanbHast 4acTh — IO/ MIIOCKOCTBIO P, TO €CTh HEeBUANMA.

[Tono6GHBIM 00pa3oM HaXOAWTCS JHMHHUS TEepecedeHrs Ul IIOCKOCTeH,
n300pakeHHBIX Ha puc. 4.30.

Ilepeceuenus nnockocmeii 0bwezo noNodICeHUA

OO0muii mpueM NOCTPOEHHs JMHUM TepecedeHHs TaKHX IUIOCKOCTel 3a-
KJIfo4yaeTcs B cieayonieM. BBoauM BerioMorartenbHyIO TIOCKOCTh (IOCPEITHNK) U
CTPOUM JIMHUHU TePECeUeHUs] BCIIOMOTATeNbHON IIOCKOCTH C ABYMS 3aJlaHHBIMH
(puc. 4.31). B nepeceueHrH NMOCTPOSHHBIX JIMHUN HAaXOJUM OOLIYIO TOYKY ABYX
tockocTed. [t HaXOXXAEHUsI BTOPOW OOIIeil TOYKM TOCTPOeHHE HMOBTOPSieM C
IIOMOIIBIO €I1le ONHOM BeroMorarenbHoi miockocT. Find the intersection lines of
the planes of Fig.4.30 in a similar fashion.

l to H
E [_/

a’ -7 N 77

m

X
GL

toV

Puc. 4.29 (Fig. 4.29) Puc. 4.30 (Fig. 4.30)

[pu pelienny nMoJOOHBIX 334 ynoOHee B Ka4eCTBe MOCPEAHUKOB IIpHMe-
HATH MTPOCIHPYIOIINE IOCKOCTH.

Ha puc. 4.32 naHo moCTpoeHUe JIMHUK MePeceueH sl AByX TPEYroIbHUKOB.
Perrenue BhIMONHSIEM B CleIyIOLIel MOCIe0BaTeNILHOCTH. [IpoBoanM aBE Bero-
MoraTeJbHbIe (PPOHTAIBHO-IIPOSIUPYIOIINE TUIOCKOCTH — TIOCKOCTh P yepes cro-
pony AC u mnockocth Q yepe3 cropony BC tpeyronbuuka ABC. Ilnockocts P mie-
pecekaeT TpeyroibHuk DEF no npsimoit /-2.
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In the point of intersection of the plane P» trace with the sides DE and DF
of the triangle DEF on the frontal projection (Fig. 4.29), find the frontal projec-
tions m' and »' of the intersection line. Drawing the connection lines find the hori-
zontal projections of the points M and N of the intersection line.

Viewing the plane H in the direction of the arrow, one can see (by the plan)
that a part of the triangle to the left from the cutting line MN (m'n’) is above the
plane P, it means it is visible on the horizontal projection plane. The other part is
under the plane P, i.e. it is invisible.

Intersection of the oblique planes

The method of drawing the intersection lines of such planes consists of the
following;:

Introduce an auxiliary plane (intermediary) and draw the lines of intersec-
tion of this plane with the two given ones (Fig. 4.31). The intersection of the drawn
lines shows the common point of the above planes. To find the other common
points use another auxiliary plane.

In solving such kinds of problems, it is better to use projecting planes as in-
termediaries.

Fig. 4.32 shows the construction of the intersection line of two triangles.
The solution is as follows:

Draw two auxiliary frontal projecting planes - the plane P through the side
AC and the plane Q through the side BC of the triangle ABC. The plane P cuts the
triangle DEF along the line /-2.
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Fig. 4.31 (Puc. 4.31) Fig. 4.32 (Puc. 4.32)
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B nepecedeHur ropu3oHTaNbHBIX NPOEKUUH /-2 U ac HaXOAUM TOPU30H-
TaJbHYIO MPOEKLUUI0 Touku M(m) nuuun nepeceueHus. [Inockocts O nepecekaer
TpeyronabHuk DEF no npsiMoii 3-4. B nepecedyeHnu ropu30HTaIbHBIX IPOeKLUH 3-
4 1 bc HaxOIWM TOPU3OHTANBHYIO MPOEKIHIO TOYKH N(#) JUHUH TMepecedeHUs.
®poHTaNBHBIE MPOEKIMH 3TUX TOYEK, a CIeAOBATeIbHO, U JMHUHU INepeceueHuUs,
HaXOJUM, IPOBOJsI TUHUH CBS3H.

AHanu3 B3aMMHON BHJUMOCTU TPEyrOJbHHKOB Ha IJIOCKOCTSIX MPOEKIUH
BBINOJTHSIEM C TOMOILBI0 KOHKYPUPYIOLIUX TOYEK.

Jlns ompezeneHusT BUIUMOCTH Ha (POHTANBHOU IUIOCKOCTH TMPOEKIIUIA
cpaBHHBaeM (POHTANBHO-KOHKYPUPYIOIIHEe TOYKK [ W 5, JNexalue Ha CKpelH-
Barormxcs npsmMbix AC u DE. VX ¢poHTaNbHBIe TPOeKIMH coBranarT. Ha ropu-
30HTAJIBHOM MPOEKIMU BUAHO, YTO MIPU B3MJISJE M0 CTPEJKe Ha MJIOCKOCTh J Touka
5 pacriosiokeHa Omke K HaOMIOaTeNro, U IO3TOMY OHA 3aKkpbiBaeT Touky /. Cre-
JIOBaTeNIbHO, y4acToK npsiMoii AC neBee Touku M OyneT BUAMMBIM Ha (hpOHTAIb-
HOU TNTOCKOCTH MPOEKIUMN.

Jns onpeneneHuss BUAMMOCTU Ha TOPU30HTAIBHON INIOCKOCTU NMPOEKIMH
CpaBHUBAeM TFOPH30HTAIBHO-KOHKYPHUPYIOIIHE TOYKH 6 U 7, JeXalie Ha CKpewy-
Barowuxes npsaMbix AC u DF. Ux ropusoHTasibHble MpoeKUuu coBnaaarot. [Ipu
B3MUIAJe MO CTpeKe Ha IIOCKOCTh /{ BUIHO, 4TO Touka 6 u npsmas AC pacnosno-
JKeHBI BbIIe TOUKH 7 U nipsimoit DF. CnenoBatenbHo, yaacTok AM npsimoit AC Ha
TOPU30HTAIBHON INIOCKOCTH MPOEKLUil OyZeT BUIUMBIM.

4.7. Cnocob6 3aMeHbl NNOCKOCTEN NPoeKUUmn

JIsl yIpOIIeHNs pelieHns] MeTPUIECKUX W TTO3UIMOHHBIX 3a]ad MPUMeHsI-
FOTCSl pa3InvYHbIe METOJbI TpeoOpa3oBaHmsl OPTOTOHANBHBIX Tpoekuuii. [Tocne Ta-
KHX IpeoOpa3oBaHUil HOBbIE NMPOEKIMH MO3BOJISIOT pellaTh 3a1ady MUHUMANbHBI-
MU Irpa)UIeCKUMH CPeICTBAMH.

Crioco0 3aMeHBI IOCKOCTeH MPOEKIMH COCTOUT B TOM, YTO OAHA U3 ILIOC-
KOCTel 3aMeHseTcss HOBOH. DTa TUIOCKOCTH BBIOMpaeTcsl MEepIeHAMKYISIPHO OC-
TaBIIIeHCs TUIOCKOCTH TpoeKuuil. ['eoMmeTpuueckasi ¢purypa mpu 3TOM HE MEHSeET
CBOETO ITOJIOKEHHS B NMPOCTpaHcTBe. HOBYIO MIIOCKOCTH pacnonararoT TakK, YTOOBI
0 OTHOIICHHWIO K Hell reoMerpudeckas (UTrypa 3aHAMalla YacTHOE IIOJIOKSHHE,
yI0OHOE JUIsl peleHus 3aAa4u.

Ha puc. 4.33 u3o0pakeH MPOCTPaHCTBEHHBIN YepTeXk OTpe3Ka MpsMOoi 00-
LIeT0 MOJIOKEHUSI AB M ero npoekuuu Ha miockocTsX H u V. 3aMeHUB MII0CKOCTh
V HOBOH BepTUKaJIbHOM MJIOCKOCTBIO V/;, napasuienbHoOl oTpe3Ky 4B, Noay4um Ho-
BYIO CHUCTEMY JBYX B3aUMHO MEpPINEHANKYJSIPHBIX TiockocTedd V; u H, oTHOCH-
TENILHO KOTOPBIX OTPe30K AB 3aHMMaeT yacTHoe nojoxenue (ABIIV,), x; — HoBas
och mpoekunii. HoBast mpoekuust otpeska AB (a’;b’;) paBHa ero HaTypalbHOH Be-
JUYWHE, a YroJ O paBeH HATypaJbHOW BENWYHMHE yIila HaKkJIOHa oTpe3ka AB K
j10cKocTy H.
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In the intersection point of the plans /-2 and ac find the plan of the point M
(m) of the intersection line. The plane Q cuts the triangle DEF along the line 3-4.
In the intersection point of the horizontal projections 3-4 and bc find the plan of the
point N (n) of the intersection line. Pass the connecting lines to find the frontal pro-
jections of the above points and, therefore, of the intersection line.

Analysis of the mutual visibility of the triangles on the projection planes do
with the help of competitive points.

To determine visibility on the frontal projection plane compare the frontal
competitive points / and 5 lying on the skew lines AC and DE. Their frontal pro-
jections coincide. The horizontal projection shows that on the plane ¥V, viewed in
the direction of the arrow, the point 5 is situated closer to a viewer and that is why
it covers the point /. So, the segment of the line AC to the left of the point M is
visible on the frontal projection plane.

To determine visibility on the horizontal projection plane compare the
horizontal competitive points 6 and 7 lying on the skew lines AC and DF. Their
horizontal projections coincide. The plane H, viewed in the direction of the arrow,
shows that the point 6 and the line AC are situated above the point 7 and the line
DF. So, the segment AM of the line AC is visible on the horizontal projection
plane.

4.7. Method of Replacing Planes of Projection

Different methods of transformation of orthogonal projections are used to
make the solution of metric and positional problems simpler. After such transfor-
mations the new projections help to solve the problem by minimal graphic means.

The method of replacing planes of projection consists in the substitution of
a plane with a new one. The new plane should be perpendicular to the remaining
one. The position in space of the geometric figure remains unchanged. The new
plane should be positioned so that the geometric figure has a particular position to
it, convenient for solving the problem.

Fig. 4.33 shows a spatial drawing of the AB line-segment of general posi-
tion and its projection on the planes H and V. Replace the plane V" with a new ver-
tical plane Vi, parallel to the line-segment AB, to obtain a new system of two mu-
tually perpendicular planes V:and H, relatively to each the segment 4B has a par-
ticular position (AB/V1), x; is a new coordinate axis. The new projection of the
line-segment AB (a';b')) is equal in length to its true size, and the angle « is equal
to the true size of the inclination angle between 4B and the plane H.
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[Tpu 3ameHe GpOHTANBHOH IUIOCKOCTH (KakK BHAHO W3 puc. 4.33) MOCTOSH-
HBIMH OCTAIOTCSI Z KOOPJIMHATBI, TO €CTh PACCTOSIHUE OT TOUYEK JI0 TOPU30HTAIBLHOM
IUTOCKOCTH Tpoekunii H He m3MeHseTcs. CiieoBaTeIbHO, ISl TOCTPOCHUST HOBOMH
MIpoeKIHH oTpeska (puc. 4.34) HeoOX0aUMO:
— Ha JI000M PacCTOSHUM, NapalieIbHO TOPH30HTANBHOM IPOEKIMU OTpe3Ka
AB, mpoBecTH HOBYIO OCb X/;

— 4Y€pe3 IOpHU30HTAJIBbHBIE IPOCKUIHUHU a H b, NEPNEHAUKYIIIPHO OCHU X4q IIPO-
BCCTU JIMHUU CBA3H,

— OT TOYEK IepeceueHHs JMHUN CBSI3U C OCBIO X{ OTJIOXHTH Z KOOPIUHATHI
Touek A u B;

— TIOJyYeHHbIe TOUKH a4 U b’ COeAMHUTH MPSAMOU JTMHHEH.
[Ipu 3aMeHe TOPU3OHTAIBHOW MIOCKOCTH MpOeKIWH H Ha HOBYIO ILIOC-
KOCTh KOOPAMHATHI ) TOYEK OCTAIOTCS HEU3MEHHBIMH, TO €CTh PACCTOSTHHE OT TOY-
Kd 0 (ppOHTAIBHOM IIOCKOCTH MPOEKLIU He H3MEHHUTCS MpPU MPOCHUPOBAHHU
TOYKH Ha HOBYIO INIOCKOCTB, PACIIONIOKEHHYIO TIePIeHANKYIISPHO TNIOCKOCTH MPO-
exuuii V.
Ecnu s pemenust 3a1aun HeoOXoAMMa 3aMeHa JIByX TUIOCKOCTEH TMpOoeK-

o . o o V
oy, T.€. OT UCXOOHON CUCTEMbLI IMJIOCKOCTEU MNPOCKIUN X=E HeO6XOﬂI/lMO e-

o o V o
PEUTHU K HOBOU x,= FI’ TO 3TO MOKHO CA€JIaTh IO OJHOU U3 CIICAYIOIUX CXEM!
1

v 4 4 4 4 4
X=—>2X=—>2X,=— HIH X=—>X="7>X, =—.
H H H, H H, H,

qublpe OCHOBHbI€e 3a4a4u, pewiaemMbie Ccnoco6oM 3aMeHbl NJIOCKOCTEN npoeKum?l

1. Ilpamyio obwezo nonosicenus npeodbpazosams 8 NPIMyI0, NApAIIeNbHYIO
00HoIl U3 nnockocmetl npoexkyuti. Taxoe npeobpazosanue nozeonaem onpe-
0enums HAmMypanLHyIo GeIUYUHY OMpe3Ka NPAMOIL U Yeibl HAKIOHA e20 K
nnockocmsam npoexyutl (puc. 4.35 u 4.36).

[7/
, H7 D1 }/5
U x
Q N
&
X
5
b = -
ai b
a

Puc. 4.35 (Fig. 4.35)  Puc. 4.36 (Fig. 4.36)
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When replacing the frontal plane of projection (Fig. 4.33), z co-ordinates
are constant, i.e. the distance between the points and the horizontal projection
plane H remains unchanged. Therefore, to construct a new projection of the line-
segment (Fig. 4.34) proceed as follows:

Fig. 4.33 (Puc. 4.33) Fig. 4.34 (Puc. 4.34)

- at any distance pass the new axis x; parallel to the horizontal projection of
the line-segment AB,

- through the horizontal projections a and b perpendicular to the axis x;
pass the connection lines;

- from the point of intersection of the connection lines with the axis x; lay
off z-co-ordinates of 4 and B points;

- connect the obtained points a';b’; with a straight line.

When replacing the horizontal plane H with a new one, y-co-ordinates re-
main unchanged, which means that the distance between the point and the frontal
projection plane does not change if the point is projected on the new plane, per-
pendicular to the plane V.

Four principal problems solved by replacing the projection planes
1. Transform a line of general position into a line parallel to one of the

projection planes. Such a transformation helps to determine the true size of the

line-segment and its inclination angles contained by the projection planes
(Fig. 4.35, 4.36)
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IIpu pemennn 3ama4v HOBYIO TUIOCKOCTbB, Hampumep, Vi (puc. 4.35), cra-
BUM B IOJIOKEHUE, MapalieIbHOEe OTPE3Ky. B 3TOM cilyuae HOBast OCh MPOEKIH
OyIeT MPOXONTH MapalIeIbHO TOPU3OHTAIBHOMN MPOEKIIHH MPSMOH.

w=r w2V vl Vi aB; xi 1 ab.
H H

UYepes ropu3oHTaNbHbIE TPOSKUUH a U b, IepIeHAUKYIISIPHO HOBOM OCH X1,
MIPOBOJIUM JIMHUM CBSI3M M Ha HHUX OTKJIAAbIBaeM z KOOPIUHATHI TOYEK (TO ecTb
paccTosiHie OT OcH X 10 (poHTaNBHOM Npoekiuu To4yek). Hoast npoekims a b’
OyzeT paBHa HaTypaJbHOW BEJIMUMHE OTPe3Ka, a yTojl 0L — paBeH YIIy HaKJIOHa OT-
pesKa K miiockocta H.

[Tpu 3aMeHe TOPU30HTANBHOM TIOCKOCTH NPOSKIMH Ha HOBYIO, pacriosiaras
3Ty IJIOCKOCTh MapajlielbHO OTPe3Ky 4B, MBI ONIpeIeUM HaTypaJIbHYIO BeTHUUHY
OTpe3Ka M yrojl HaKJIOHa ero K IiockocTu V — yroin B (puc. 4.36).

B sToM ciydae och npoekuuii HOBOW MIIOCKOCTH MPOBOAUM IapaljieIbHO
(poHTaNbHON MPOEKLUH MPSIMOH a'b’, a KOOpAUHATHL ) GepeM ¢ TOPH30HTAIBHOM
TIOCKOCTH MPOEKIHH.

w=r S =L HAV HJAB, xlab.
H H,

2. Hpamyro, napanienvhyio 00HOU U3 NIOCKOCmell NPoeKyuil, npeobpazoeams
8 NPOCYUPYIOUWYIO NPAMYIO, MO eCMb NOCMABUMb 8 NONOHCEHUE, NEPNEeHOU-
KVAAPHOE NIOCKOCMU NPOeKyull, Ymobbl NpsAmMas Ha 3my NI0CKOCMb Cnpoe-
yuposanacs ¢ mouxy (puc. 4.37).

Tak xak qaHHas npsiMas napajuieibHa TOPU30HTAIBHON MIIOCKOCTH TPOEK-
1WA, TO JJIsl IPeoOpa3oBaHus ee B MPOELHUPYIOLIYIO MPSIMYIO, HEOOXOAUMO 3aMe-
HUTH (DPOHTAIBHYIO IJIOCKOCTh V' Ha HOBYIO V), pacroyioXHB IIIOCKOCTH V' mep-
neHauKyIsipHo AB. Torma Ha TUIOCKOCTH V' mMpsiMasi CIIPOELUpPYETCS B TOUKY
(a'1=b"1).

4 "
X= oM =T ViLH, ViLAB; x;Ll ab.

Umobwr npamyro obwezo nonodcenus AB (puc. 4.38) npeobpazosamv 6
npoeyupyiowyio, NPoBOOm 08e 3aMeHbl, Mo ecmb 0be 3a0ayu, Nepeyio u 8Mmopyio,
pewaiom nociedosamenvio. Buauane npsmyro obuje2o noiodicenus npeobpazyiom
8 NPSMYIO NAPANIENbHYIO NIOCKOCMU NPOeKyull (Mpsamyio YPOHs), a 3amem 5my
npAMYIO NPeobpaszyiom 8 nPoeyupyIOuyIo.

3. [Inockocms P (4 ABC) obwezo nonosicenus npeobpazoeame 6 npoeyu-
pyiowyio (puc. 4.39), mo ecmo 6 pacnonoNCeHHYI0 NEPHEHOUKYTIAPHO K 00-
HOIl U3 NIOCKOCMET NPOEKYULL.
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To solve the problem, draw a new plane, say, V; (Fig. 4.35), parallel to the
segment. In this case the new co-ordinate axis passes parallel to the horizontal pro-
jection of the given line.

v=Y o 2 Vil H, Vi 4B; x// ab.
H H

Draw, through the horizontal projections a and b perpendicular to the new
axis, the connection lines. Lay off on them z-co-ordinates of the points (the dis-
tance from the x axis to the frontal projection of the points). The new projection
a'b'; is equal to the true size of the segment, and the angle « is equal to the incli-
nation angle contained by the segment and the plane H.

When replacing the horizontal projection with a new one, draw this plane
parallel to the line-segment 4B and determine the true size of the segment and its
inclination angle with the plane ¥ - the angle £ (Fig. 4.36).

In this case pass the coordinate axis of the new plane parallel to the frontal
projection of the line a'b’, and take the co-ordinates y from the horizontal projec-
tion plane.

w=L e =Y HV, HJIAB; xl b
H H

1

2. Transform a line parallel to one of the projection planes into a project-
ing line, i.e. position it perpendicular to the projection plane, to project the line on
this plane as a point (Fig. 4.37).

As the given line is parallel to the horizontal plane, to transform it into a
projecting line replace the frontal plane V with a new V;_LH, drawing the plane V;
perpendicular to AB. As a result the given line is projected on the plane V; as a
point (a';=b")).

x:£—>x1=ﬁ; VilH, ViLAB; x,L1 ab.
H H

To transform the general position line 4B (Fig. 4.38) into a projecting one,
make two replacements, i.e. solve both problems, the first and the second ones,
successively. First transform a general position line into a line parallel to a projec-
tion plane (a line of level), then the last is transformed into a projecting one.

3. Transform the oblique plane P (AABC) into a projecting one (Fig. 4.39),
i.e. positioned perpendicular to one of the projection planes.

69



Puc. 4.37 (Fig. 4.37)

nlH H LV,
Vil AB H\1AB
x/lab xla'y b’

Puc. 4.38 (Fig. 4.38)

3aMeHUM, HalpuMep, TIOCKOCTh / Ha HOBYIO IIIOCKOCTH V4, KOTOPYIO pac-
MTOJIOXKHM TepHEeHINKYISIpHO TutockocT H u tockoct P. ITnockocts Vy Oyzmer
MepHeHIUKYIISIpHA INIOCKOCTH P, eClIi MBI ee paclosIoKUM NEepHeHIUKYNSIpHO Ka-
KOW-HUOY b IMHUY INIOCKOCTH. JI71s1 yIIpOIlleHns! peleHns 3aladil B KauecTBe ITOH
JIMHUKM BO3bMEM TOpH30HTaNb (JIMHHUIO, NapajlielbHyl0 TOPU30HTAIBHOM IIOCKO-
ctu npoekuuit). CtpouM B miuockocTd P ropuzoHTans C/ ¥ NepneHIUKyIIpHO e
MIPOBOIUM HOBYIO INIOCKOCTB V4. OCh X1 MPOBOANM B JIOOOM MecCTe MepIeHINKY-
JSIPHO TOPU3OHTAIBHON MPOEKUMH ropusoHTaiu (x;Lcl). CTpouM HOBYIO (pOH-
TAJIBHYIO NMPOEKLHUIO IIOCKOCTH P. ['opH30HTalb Ha HOBYIO INIOCKOCTH CIPOEIH-
pyeTcst B TOUKY (¢ 7=1"), a miockocth P (4 ABC) B nunuto a’ic b .

V 14
x:E—ncI :E]; ViLH; ViLP(A4ABC); ViLClI (Cl — eopuzonmanvw);, xL(cl).

Jlns mpeobpa3oBaHusi MJIOCKOCTH P B TOPU30HTAIBHO-IPOELUPYIOLLYIO
IUIOCKOCTh, HEOOXOIMMO 3aMEHUTH IUIOCKOCTh H Ha HOBYIO, PACIIOJIOKHB €€ Iep-
MEHIUKYJSIPHO TUIOCKOCTH V ¥ (DpOHTAIM TIIOCKOCTH P (KOTOPYIO TpeIBapUTEb-
HO TIPOBOJIMM B 3TOM TIOCKOCTH).

4. Ipeobpazosame nnockocmo P (AABC) uz niockocmu npoeyupyio-
weil 8 NIOCKOCMb YPOBHS (NIOCKOCHb, NAPATNETbHYI0 OOHOU U3
nnockocmeti npoexyutl). Ilpu maxkom npeobpazoeanuu mul onpeode-
JISleM HamypanbHylo 6eIuyuHy niockoii gpueypoi (puc. 4.40 u 4. 41).
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Replace, for example, the plane V' with a new plane V;, which is perpen-
dicular to the plane H and the plane P. The plane V; is perpendicular to the plane P
if it is drawn perpendicular to one of the lines of the plane. Let us take H parallel

b here (the line parallel to the horizontal projection

, plane). Draw in the plane P the H parallel C/ and

1 £’ pass a new plane V; perpendicular to it. Pass the axis

a: ~| X;in any place perpendicular to the horizontal projec-

tion of the H parallel (x,Zc/). Now construct a new
frontal projection of the plane P. The H parallel is
projected onto the new plane as a point (¢';=1';), the
plane P (44BC) - as the line a’;c’;b’;.

To transform the plane P into a horizontal
projecting plane, replace the plane H with a new one,
perpendicular to the plane J and to the V parallel of

the plane P (which has been drawn in this plane pre-
Fig. 4.39 (Puc. 4.39) viously).

4. Transform the plane P (AABC) from a projecting plane into a level plane
(a plane parallel to one of the projection planes). In this case we determine the
true size of the plane figure (Fig. 4.40 and 4.41).

Fig. 4.40 shows the frontal projecting plane. Replace the horizontal plane H
with a new one, positioning it perpendicular to the plane V" and parallel to the plane
P. Pass the new axis x; parallel to the frontal projection a'b'c’, and new connection
lines - perpendicular to x,. ¥ co-ordinates remain unchanged as the horizontal plane
was changed. Carry the coordinates onto the new plane. As a result obtain a new
horizontal projection of the triangle equal to the true size of A4BC.

D/

b .
by
Fig. 4.40 (Puc. 4.40) Fig. 4.41 (Puc. 4.41)
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Ha puc. 4.40 uzobpaxkeHa (QpOHTATBHO-TIPOCIMPYIOIIAs TIOCKOCTh. 3ame-
HUM TOPU30HTATIBHYIO TIOCKOCTh H Ha HOBYIO, PACIIONIOKHB €€ NMePHeHIUKYISIPHO
IJIOCKOCTH V' 1 napasienbHo miockocTd P. HoBylo och mpoekiuuil x; IpoBoauM
mapajyieTbHO (POHTANBHON MPOEKIUH a'b’'c’ 1 HOBBIE JIMHUHU CBSI3H IEPIICHIUKY-
nsipHO x4. Tak Kak 3aMeHeHa rOpHU30HTANbHAs IIOCKOCTh IMPOEKIHi, TO KOOpAWHA-
ThI y OCTAIOTCS HeM3MEeHHbBIMH. [lepeHeceM UX Ha HOBYIO IIOCKOCTh. B pesynbrare
MTOJIyYaeM HOBYIO TOPH3OHTAIBHYIO ITPOCSKIHIO TPEYTONIBHUKA, PaBHYIO HaTypallb-
HOM BenuuuHe TpeyroiabHuka ABC.
v=L S =L BV, HYIP(AABC); xiabe.
H H,
3amada perraeTcst aHaAIOTUYHO, eCIH III0CKocTh P(AABC) TopH30HTAIBHO-
npoenupyroias (puc. 4.41). B atom ciaydae 3amensieTcst ppoHTaIbHAS MIOCKOCTh
V Ha HOBYyIO V', KOTOpasi MPOBOAMTCS TEPIIEHANKYISPHO IIOCKOCTH H W mapain-
nenbHo TuiockocTd P. Och X7 CTpOUTCS MapaienbHo JuHuu abe. Tlpu Takoii 3a-
MeHe KOOPAWHATHI z OCTAlOTCS HEM3MEHHBIMH M WX C (POHTANBHOU IUIOCKOCTH
MPOEKIMH OTKJIapIBAEM Ha JIMHUSIX CBSI3U OT HOBOI OCH X7.

w=r S 2N v viipaABC); xiiabe.
H H
s mozo, umobwvl niockocme 00we2o noIoICeHUs nPeobpaz0eams 8 NioC-
Kocmb, komopas 6ydem napaiebHa 0OHOU U3 NIOCKOCMeLl NPOeKyUll, HeobxXo0u-
MO nposecmu 06e 3aMeHbl, MO eCMb Peuiumb COBMECHO MPembio U 4emeepmyio
3a0auu (puc. 4.42).

Bonpochl k rnaBe 4

Kak mMoxeT OBITh 3a71aHa Ha YepTesxe riockas purypa?

UYro Ha3BIBAaeTCS CIIEOM IIOCKOCTH?

[aiiTe onpenenenne MIOCKOCTH OOIIETO MOJIOXKEHHUS?

Kakas mmockocTs Ha3bIBaeTCs MpOSLUpyIoIen?

Kakas nnockocTs Ha3bIBaeTCs MIOCKOCTBIO YPOBHS?

ITpu KakuX yCIOBHUSIX TpsiMasi OyAeT MpUHaIe)KaTh MII0CKOCTH?

[Tpn KakKX yCIOBUSX TOUKA ITPUHAIIEIKHUT IIIIOCKOCTH?

Kakue nuHMM Ha3bIBAIOTCS TIIaBHBIMU JIMHUSMU MJIOCKOCTH?

HazoBure ycnoBus napanneiabHOCTH NPSIMO U IIIOCKOCTH.

0. Kaxoe B3anMHOe HOJI0KEHHE MOTYT 3aHUMATh MIOCKOCTH?

1. Kak 1o uepTexy MOXHO ONpEeAeNnTh, MapajlulelIbHbI JIM MEXITy coOOl IBe

IUIOCKOCTH OOLLETo MOJI0XKEHHs?

12. Kak cTpoutcst TMHUS TepeceyueHust AByX IIIOCKOCTeH?

13. B 4eM cyTb 3aKiIrOYaeTcs Criocod 3aMeHbI INTOCKOCTeH MPOeKIrii?

14. B xaxoii B3aMMOCBS3U JOJKHBI OBITh CTapasi U HOBas MJIOCKOCTH MPOESKIMN?

15. Kakue onepalii HYXHO BBIIIOJIHUTB, YTOOBI NMpeoOpa3oBaTh: MpsMyto 00-
IIEr0 IMOJIOKEHUS B IPOCIUPYIOUIYIO MPSIMYI0; INIOCKOCTh OOIIEro IoJoXe-
HUSl B IUIOCKOCTb YPOBHS?

el S I U S
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The problem is solved in a similar fashion if the plane P (44BC) is a hori-
zontal projecting plane (Fig. 4.41). In this case the frontal plane V' is replaced with
the new one V; which is drawn perpendicular to the plane H and parallel to the
plane P. The axis x; is passed parallel to the line abc. With such a replacement the
coordinates z remain unchanged, lay them off on the connection lines, from the
new axis x;.

To transform an oblique plane into a plane, parallel to one of the projec-
tion planes, two replacements are necessary (Fig. 4.42); that is to solve the third
and the forth problems successively.

b’ 4 " "

1. Vi1 H, Vi\LP(1ABC),
V1 LC1 (Cl — eopuzonmany);
x;Lcl);

XZ//a’10,|b'].

Fig. 4.42 (Puc. 4.42)

Questions to Chapter 4
What are the ways of specifying a plane figure?
What are “traces of the plane”?
What plane is called a projecting plane?
What is the level plane?
Under what conditions does a line belong to a plane?
Under what conditions does a point belong to a plane? What lines are referred
to as the principal lines of the plane?
7. What are the terms of a line and a plane to be parallel?
8. How can you find the meeting point of a line and a plane?
9. What are the relative positions of the planes?
10.What determines mutual parallelism of two oblique planes in a drawing?
11.What is the way of drawing an intersection line of two planes?
12.What is the gist of the replacing planes of projection method?
13.What mutual relations must the old and new planes of projections have?
14.What actions are necessary to obtain the following transformations: of a general
position line into a projecting one; of an oblique plane into a level plane?

SQUnAE LD =
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