FMABA 4. NJIOCKOCTb
4.1. CNOCOBbI 3AAAHUA NITIOCKOCTH

Ha geprexe miockocTs MOXKET ObITh 3a7aHa (puc. 4.1):

a)  MPOSKIHMSIMH TPEX TOYEK, HE JIS)KAIIUX Ha OJTHOM MPSMOI;

b)  mpoekiusAMU MPSIMOW M TOYKH, HE JIC)KAIICH Ha dTON IPSIMON;
C)  TOPOEKIHSIMH ABYX MEPECEKAIOIINXCS MPSMBIX;

d) mpoekusIMH IBYX MapaUICIbHBIX TIPSIMBIX;

€) MPOEKIHIMH JIF0OO0MH MIOCKOH (BUTYPHI;

f)  crnemamu MIOCKOCTH.
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Puc. 4.1 (Fig. 4.1)

OT oHOrO 3aaHus IOCKOCTH MOXKHO MEpENTH K apyromy. Hanpumep,
npoBes yepe3 Touku A u B (puc. 4.1, a) npsimyto, MblI OT 33JJaHUSI TIFIOCKOCTH
TpeMsi TOYKaMHu TepensieM K 3aJaHuI0 MJIOCKOCTH TOYKOM M IpsIMOM (pHC.
4.1, 6) u T.11.

B psige cmydaeB miiockocTh 0ojiee HArasiIHO MOXKET OBITh M300paxeHa
P MOMOIIH NPAMBIX, 10 KOTOPHIM OHA MEPECEeKaeT MIOCKOCTU MPOCKIUH.

[IpsimMble, MO KOTOPBIM IUIOCKOCTh MEPECEKAET IIOCKOCTU MPOEKUUH,
Ha3bIBAIOTCA CJIeIaMU TJI0CKOCTH (puc. 4.2):

Py— dpoHTanbHbIN chex miockocTu P;

P — ropu3oHTanbHBINA e/ IIIOCKOCTH P;

Pw—tipoduiibHbI# cien miockoctu P.

Touxku mepeceuenus miaockoctu ¢ ocsimu npoekuuit (Py, Py, P;) Ha3bI-
BAIOTCSl TOUKAMHU CXOZa CIIE/I0B.

UToOBl MOCTPOUTH CJEA IUIOCKOCTH, HEOOXOAMMO MOCTPOUTH OJHO-
MMEHHBIE CIIEIbI IBYX MPSAMBIX, JEXKAIIUX B IUIOCKOCTH (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 fol-
lowing ways (Fig. 4.1):

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

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

b) Dby projections of two intersecting lines;

c) by projections of two parallel lines;

d) by any plane figure projection;

e) 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 A 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):

Pv — the frontal trace of the plane P;

Px — 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 vanish-
ing 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. NONOXEHWE NNOCKOCTU OTHOCUTENBHO NNOCKOCTEW NPOEKLIUKA

[I1OCKOCTP OTHOCHUTENBHO IJIOCKOCTEM IPOEKIMA MOYKET 3aHUMAaTh
CJIEIYIOIIHE MOJIOKEHUS:

1. HakmoHeHa KO BCEM IIJIOCKOCTSIM ITPOCKITHIA;

2. llepnenaukynsipHa MIOCKOCTH MPOCKITUN;

3. TapannensHa MIOCKOCTH MPOSKIIHA.

IInocKOCTh, HE IEPIEHANKYJIIPHYIO U HE MMAPAJIIEIbHYIO HU K OJTHOU U3
IIJIOCKOCTEH MPOEKITNMA, HA3bIBAIOT IJIOCKOCTHIO OOIIEro MOJIOKeHUs. TakuMu
SIBJISIFOTCS TUIOCKOCTH, N300pakeHHbIe Ha puc. 4.1, 4.2, a Takxe Ha puc. 4.3.
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[TnockocTh, KOTOpas O Mepe yJaajeHus: OT HaOJroaTeNs MOBBIIIACTCS,
HasbIBaeTcsa Bocxogsme (puc. 4.4). IlnmockocTh, MOHMKAIOMIASACA 110 MEpe
yIaJIeHHsl OT HaOJIroAaTelsl, Ha3bIBaeTCs HUCXOAsIIeH (puc. 4.5).

Paznmuunte Ha dYeprexe H300paKEHHUS BOCXOJAINIEH W HUCXOJAIIEH
MJIOCKOCTEH MOYKHO, TTPOAHAIM3UPOBAB MPOEKIIUU TPEYroJIbHUKA, KOTOPHIM
oHa 3a7aHa. M3 uepTexa, Ha KOTOPOM M300pakeHa BOCXOJSINAS MIOCKOCTh
(puc. 4.4), BuaHo, uro o0e mpoekuuu Tpeyroibauka ABC, ropusonTansHas
abc u gponrtanpHas a’b’c’, uMeroT onrHaKOBBIE 00XO/BI TIOPSAKA 0003HAYE-
HU# (1m0 "acoBoit crpeinke). [Ipoekuu Tpeyronpanka A;B;C;, koTopeiMu 3a-
JlaHA HUCXOJIAIIAs TUIOCKOCTh (puUC. 4.5), UMEIOT MPOTUBOIIOIOKHbBIE 00XO0/IbI
0003HaYCHUI: ropu30HTaIbHAS a10;C; — MPOTHB JBUKCHHS YaCOBOM CTPEII-
KH, (hpoHTATbHAS & 1b 1C | — 110 YaCOBOM CTpelKe.

IInockocmu uacmmuozo nonodcenus. IIIOCKOCTH, TEPIICHAUKYJIISPHbIC
WJIU MapaJuleNibHbIE K IUIOCKOCTSAM MPOEKIINHI, Ha3bIBAIOT IJIOCKOCTSIMU YacT-
HOTO TTOJIOKEHHS.

[ImockoCTh, TEPNEHINKYIAPHYIO K INIOCKOCTH MPOEKIUM, HA3BIBAIOT
MPOEUPYIOIIEH.

1. TopuzoHTampHO-TIpoempyomas miockocth: P(ABCD) £ H (puc. 4.6).
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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:

1. Inclined to all projection planes;

2. Perpendicular to the projection plane;

3. 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 re-
ferred 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 de-
scending 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 A;B;C; projections which specify the descending plane in Fig.
4.5, are designated in counterpart 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) £ H (Fig. 4.6).
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Fig. 4.6 (Fig. 4.6)
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2. ®pouTanpHO-poenupymomas miockocts: Q(ABCD) £V (puc. 4.7).
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Puc. 4.7. (Fig.4.7)
3. IpodumsHo-mipoerupyromas miockoctb: T(ABCD) £ W (puc. 4.8).
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Puc. 4.8 (Fig. 4.8)

Ha 1y nnockocts mpoekiui, K KOTOPOU IJIOCKOCTh IEPIICHAUKYJIISIPHA,
OHa MPOoELHPYETCA B MPSIMYIO JIMHUIO (clie] mockoctu). Kpome toro, Ha 3Ty
MJIOCKOCTh MPOEKUUA B HAaTypajbHYI BEJIMYUHY MPOCLUPYIOTCS YIJIbl Ha-
KJIOHA JTaHHOM TUIOCKOCTH K JIByM APYTUM IUIOCKOCTSIM MPOEKITUH.

[Tpoenupyromue MIOCKOCTH OO0JAAI0T CJICAYIONIUM Ba)KHBIM CBOWCT-
BOM, Ha3bIBAEMbIM COOMPATENbHBIM: €CJIM TOYKA, JIMHUS UK GuUrypa pacro-
JIOKEHBI B TJIOCKOCTH, MEPHEHAUKYISIPHOM K TUIOCKOCTH MPOEKIUN, TO Ha
ATOM MJIOCKOCTU UX MPOEKIIMU COBMAAAIOT CO CIEAOM MPOCHUPYIOMIEH I10C-
KOCTH.

lInockocmu, napannenvuvie NIOCKOCMU NPOEKYUl, HA3bLIBAIOMCS NJOC-
kocmamu ypoeHs. 1IMoCKOCTH YpOBHSI MEPIEHIUKYISAPHBI OJHOBPEMEHHO K
JIBYM IJTOCKOCTSIM MPOSKITUH (IBOSKO MPOCIIUPYIOIITHE).
1. Topusontanbhas miockocts P(ABCD) Il H (puc. 4.9).
2. ®pontanshas mwiockocth Q(ABCD) IV (puc. 4.10).
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2. The vertical projecting plane Q(ABCD) £V (Fig.4.7).
3. The profile projecting plane T(ABCD) £ W (Fig. 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 collec-
tive one: if a point, a line or a figure are contained in a plane perpendicular to
the projection 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 simultaneously (double projecting planes).

1. The horizontal plane P(ABCD) //H (Fig. 4.9).
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Fig. 4.9 (Puc. 4.9)
2. The frontal plane Q(ABCD) //V (Fig. 4.10).
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Fig. 4.10 (Puc. 4.10)
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3. Ipodumbpras miockocts T(ABCD) Il W (puc. 4.11).
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Puc. 4.11 (Fig. 4.11)

JIro6as nuHMUS UM QuUrypa, Jiexaiiasi B INIOCKOCTH YPOBHS, TPOEIHUPY-
eTcsl 6e3 UCKaKeHUs Ha Ty IJTIOCKOCTh MPOCKIIUM, KOTOPOM JTaHHas IMIOCKOCTh
napasniensHa. Ha 1Be apyrue miocKoCTH NPOEKIUM MIOCKOCTh YPOBHS P O-
EUpPYETCsl B BUJE OTPE3KOB MPSMBIX JIMHUM (CIEO0B), MEPIECHAUKYISIPHBIX
OCH MPOCKILUHU, pA3ACIAIOMIEHA 3TH MIIOCKOCTH ITPOESKIIHH.

4.3. TOYKA N NPAMASA B MNIIOCKOCTH

K 4ncny OCHOBHBIX 3aj1a4, pelIa€MbIX HA MJIOCKOCTH, OTHOCST: IMPOBE-
JICHUE B TUJIOCKOCTH MPSIMOW; MOCTPOCHHUE B IUIOCKOCTH HEKOTOPOW TOYKHU;
MMOCTPOEHUE HEAOCTAIOLIEH MPOEKIMHU TOUYKH, JIEXKANEH B IUIOCKOCTH; MPO-
BEPKA NPUHAJICKHOCTH TOYKHU TMIIOCKOCTH.

Pemnrenne »THX 3agad4 OCHOBBIBACTCSI Ha W3BECTHBIX ITOJ0KCHUAX TI'€O-
METPUM: TIpAMas MPUHAIJICKUT TJIOCKOCTH, €CIM OHA MPOXOAUT 4Yepe3 IBE
TOYKH, NMPUHAJIEKAIME IIJIOCKOCTH, WM €CJIM OHA MPOXOAUT Yepe3 OIHY
TOYKY 3TOH IUIOCKOCTH MAPAJUIEIBLHO MPSAMOM, JIEKAIIEH B TOM IMIIOCKOCTH.

Ilocmpoenue 6 nnockocmu npamoi 1unuu

UToOBbI MOCTPOUTH B IJIOCKOCTH TpsAMYIO JuHUIO (puc. 4.12), HEoOx0-
TUMO OTMETHTh JBE TOYKH, NMPHHAMICKAIIUE 3TOH IIOCKOCTH, HAIPUMED,
Touku A 1 1, 1 yepe3 HUX mpoBecTH npsamyro A1 (al ua’l’).

Ha puc. 4.13 npsmas Bl nmpuHamnexuT miockoctu Tpeyroiapauka ABC,
TaK KaK OHa IMPOXOJUT Yepe3 BepIIUHy B u mapaiesnbHa CTOpOHE TPEYrodib-
Huka AC (b1’llat’u bl Il ac).

Ilocmpoenue ¢ niockocmu HeKOmMoOpPoOii MOYKU

Touka NPUHAIIICKUT TIIOCKOCTH, €CIIM OHA MPUHAIJIEKUT OPSMOM, Jie-
JKalerd B 3TOM IUIOCKOCTH. 1l MOCTPOEHUS B MJIOCKOCTH TOYKHA B HEW MPO-
BOJIAT BCIIOMOTATEJIbHYIO MPSIMYIO M HA HEM OTMEUYAIOT 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 prin-
ciples: 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.

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 A and 1, and draw the line
Al through them (al and a'l").

Line B1 belongs to the plane of the triangle ABC as it passes through the
vertex B and is parallel to the side AC (b'1' //a'c' and b1 //ac), Fig. 4.13.
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Fig. 4.12 (Puc. 4.12) Fig.4.13 (Puc. 4.13)

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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Ha deprexe miockocTH, 3aaHHOW mpoekinusMu Touku A (& u a) u
npsimoit BC (bc u b'’) (puc. 4.14), mpoBeieHbl MPOCKIIMHA BCIIOMOTATEIBHOM
npsmori Al (al u a’l’), npuHauexarei miockoctr. Ha Heli oTMedeHbI Tpo-
exiun d u d’Touku D, mpuHaameKamiei 3Toi MmI0CKOCTH.
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Puc. 4.14 (Fig. 4.14) Puc. 4.15 (Fig.4.15)

N

Ilocmpoenue nedocmarouwieni npoekyuu mouKu

Ha puc. 4.15 mnockocts 3amana tpeyroibankoM ABC (abc u abt)).

[TpuHaIekanas 3Tol iockoctn Touka D 3amana mpoekruert d’. Tpe-
OyeTcst HallTH TOPU3OHTAIBHYIO TIpoekinio Touku D. Ee ctposrt ¢ momoribio
BCIIOMOT'aTEJIbHON MPSMON, MPUHAJJIEKAIIEH MIIOCKOCTH M MPOXOAsIIeH de-
pe3 Touky D. [l 3Toro mpoBoauM (ppoHTaNIbHYIO Mpoekuuto npsmon Al,
CTPOUM €€ TOPU3OHTAIBbHYIO Mpoeknuio al m Ha Hell oTMeyaeM TOPH30H-
TaJIbHYIO MPOEKITUIO d TOUKH.

Ilposepka npunaonericnocmu mouKu na0CKOCMuU

JI1st IpOBEpPKU MPUHAJIEKHOCTH TOYKHU IJIOCKOCTH MCHOJIB3YIOT BCIIO-
MOraTebHYI0 NPAMYI0, NPUHALICKAINIYI0 IIOCKOCTH. Tak, Ha puc. 4.16
MJIOCKOCTh 3ajjaHa mapajuienbHbiMu npsMbiMu AB u CD, Touka — mpoeknusi-
Mu € u €. [Ipoekuu BCrioMorarebHON IPsIMOM MPOBOAST TakK, 4TOOBI OHA
POXOAMIIA Yepe3 OJIHY U3 Mpoekiuil Touku. Hampumep, dponTanbHas npo-
eKIIUSI BCTIOMOTaTeIbHOU TIpsiMoit 17 - 2/ mpoxoaut yepe3 GpOHTAIBHYIO MPO-
eKkiuio Touku €'. [locTporB ropu3oHTANBHYIO MPOEKIHIO MpsiMoit 1 - 2, ybe-
XKIAeMCsl, YTO FOPU30HTAIbHAS MMPOEKLUS € TOUKU €l He NpuHauIekuT. Ciie-
JIOBaTeNIbHO, TOUKa E He mpuHaAJIeKUT IIIOCKOCTH.

4.4. TNIABHbIE JIMHWUUX NNIOCKOCTU

[IpsaMBIX, MpUHAMIEKAIIMX UIOCKOCTH, MHOXKECTBO. Cpeayu HUX BbI-
JEJISAI0T NMpsMbIE, 3aHUMAroIINe 0c000€e, YaCTHOE MOJIOKEHUE B MIocKocTU. K
HUM OTHOCST — TOPHU30HTAJIM, (PPOHTAIH, NPOPUIbHBIE MPSIMbIE U JIMHUU
HauOOJBIIEr0 HAKJIOHA K IJIOCKOCTSM MPOEKUUH. DTU JMHUM Ha3bIBAIOTCS
TJIABHBIMU JIMHUSMU TTIOCKOCTH.
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Projections of the auxiliary line Al (al and a'1’), belonging to the plane
specified by the projections of the point A (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 projec-
tions 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 horizon-
tal projection of the point D. It may be found by a construction of an auxil-
lary line belonging to the plane and passing through the point D. To do this
draw the frontal projection of the line Al, construct its horizontal projection
al 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 check whether the point be-
longs 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’. Draw the projections of
the auxiliary line to pass through one of the point projections. For example,
the frontal projection of the auxiliary line 1’-2’ passes through the frontal pro-
jection of the point e’. Construct the horizontal projection of the line 1-2. It is
obvious from the drawing that the horizontal projection e of the point does
not belong to it. Thus, the point E does not belong to the plane.
-
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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.
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T'opuzonmans — npsiMasi, Jexxamasi B IUIOCKOCTH U MapajuiebHas ropu-
30HTAJILHOM TIJIOCKOCTH TMpoekiuit (puc. 4.17).

@ponmans — npsAMas, Jiexamias B IUIOCKOCTH M THapajijienbHas (poH-
TalbHOU TMJIOCKOCTH mpoekiui (puc. 4.18). ['opuszoHTanbHas TPOEKIHS
¢dbponTanu cl mapamensHa ocu X, mpoduiabHas — OCH Z.

lIpogunvhas npsamvas — npsimas, jexamas B MJIOCKOCTU U MapajieabHas
MpoQUILHON TIOCKOCTH MPOEKIMNA. ['opu3oHTambHas TPOEKIUs Mpoduilb-
HOU tipsiMoii b1 mapaniensHa ocH Y, GpoHTaIbHAS — OCH Z Z(pI/IC. 4.19).
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Puc. 4.17 (Fig. 4.17) Puc. 4.18 (Fig. 4.18)  Puc. 4.19 (Fig. 4.19)

PaccmoTpeHHble TMHUM SIBISIFOTCS JIMHUSMU HAaWMMEHBIIETO HAKJIOHA K
IJIOCKOCTAM MpoeKuuid. M3 Tpex JuHuil HanOOoNbIIero HaKJIOHA K IUIOCKO-
CTSIM MPOEKINI OTMETUM JIMHUIO HAaUOOJIbIIIETO HAKJIOHA K TOPU30HTAILHON
IJIOCKOCTHU. DTY JIMHUIO HA3bIBAIOT JIMHUEH CKaTa.

Jlunus ckama — 3T0 npsAMas, Jiexanasi B INIOCKOCTH U NMEPIEHIUKYJIISAP-
Hasl €€ TOPU3OHTAJIBLHOMY ciiely uwiu ee ropusontanu (puc. 4.20). [Toctpous
JIMHUIO HaumOOJIBIIIETO HAKJIOHA Ha 4YepTeke, MOKHO ONpPEACIUTh BEIUUYUHY
JIBYTPAHHOTO yTila MEXY 33JJaHHOW IMJIOCKOCThIO U MJIOCKOCTHIO MPOEKIIUM.
OTOT yroa OyAeT paBeH JMHEHHOMY yrily, KOTOPBIN COCTaBIIs€T JTUHUS HAH-
0O0JIbIIET0 HAKJIOHA CO CBOEH MpOEKIMel Ha ATy MIOCKOCTh. JlJisi onpenene-
HUSl yria HaKJIOHA UCIOJIb3YEM METOJ MPSAMOYIOJIbHOTO TPEyroJibHUKa (pHC.

4.21).
4.5. B3AMMHOE NONOXEHWUE NPAMOW U NNOCKOCTM

B3anMHOE MonoxkeHre MpAMON U IIJIOCKOCTH OIPEACIIACTCS KOJIUYECT-
BOM OOIIIUX TOYEK:

- CCJIM IIpsAMasaA UMCCT IBC O6H_II/I€ TOYKH C IINIOCKOCTBIO, TO OHA IIpH-
HaJJICKUT ATOM IINTIOCKOCTH,

- CCJIM IIpAMasd UMCCT OJHY 061Hy10 TOYKY C INIOCKOCTBIO, TO IIpsAMasd
IICPCCCKACT IIJIOCKOCTD,

—  €CIIM TOYKa MepeceyeHus MpsMOM ¢ TUIOCKOCTBIO yajieHa B OECKO-
HEYHOCTb, TO MpsIMasi U MIIOCKOCTh Mapaslie/IbHAbI.
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H parallels or horizontal lines are lines lying in a given plane and paral-
lel to the horizontal plane of projection (Fig. 4.17). The frontal projection a1’
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 paral-
lel to the vertical plane of projection (Fig. 4.18). The horizontal projection cl
of the frontal line is parallel to the x axis, the profile one — to the z axis. Pro-
file lines are lines lying in a given plane and parallel to the profile plane of
projection. The horizontal projection bl 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 inclina-
tion 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
horizontal trace or to its H parallel (Fig. 4.20). Having constructed the steep-
est line in a drawing, one may determine the size of the dihedron between the
given and projection 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 tri-

angle to determine an angle of inclination (Fig. 4.21).
b/

o

N
a a/ k/ «

A d’ ‘[(’

;X

. a L\ d AZ

o/ C

k
. 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:

— ifaline and a plane have two common points, the line belongs to
the plane;

— ifaline and a plane have one common point, the line intersects the
plane;

— 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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3amayu, B KOTOPBIX OMPEAENSIETCS B3aMMHOE PACIONIOKEHUE PAZTUUHBIX
reoOMEeTpUIEeCKUX (PUTYp OTHOCUTEIHHO APYT APYTa, HA3bIBAIOTCS MO3UIIUOH-
HBIMHU 3aJla4aMH.

llpsamas napannenvua naockocmu, €CAM OHa TMapajljieibHA KakKoil-
HUOYIb TPSIMOM, JeXalled B 3TOM IUIOCKOCTU. UYTOOBI MOCTPOUTH TaKYIO
OpsMYyI0, HaJl0 B IUIOCKOCTH 3aJlaTh NPSAMYIO U NapajljlebHO €l MPOBECTH
TpeOyemyio.

[Tycth uepes Touky A (puc. 4.22) HeoOxoaumo mpoBecTu mpsamyro AB,
napajuielbHy0 Tuiockoctu P, 3amanHoM TpeyroimbHukom CDE. Jlns storo
yepe3 (PpoHTaNbHYIO TPOEKLHIO a  TOUKU A mpoBeneM (PpOHTAIBHYIO MPOEK-
o ab’” uckoMoil mpsmMol mapaiebHO (PPOHTAILHOW MPOSKIHU OO0
IPAMOM, JeXamel B IUIocKoctd P, Hanpw- a’ 7
mep, npsmoit CD (ab1lcd’). Yepes ropu3son- / -

TaJbHYIO MPOCKIHUIO 8 TOUKU A mapaienbHo b

cd TpOBOIUM TOPH3OHTAIBHYIO MPOCKIUIO
ab uckomoii mpsamoit AB(ab Il cd). IIpsmas ¥ p
AB mapamnenpHa IIOCKOCTH P, 3agaHHOMN g
tpeyronbaukoM CDE. Ipsimas Oymer taxke c
napajjiesibHa TUIOCKOCTH, €CJIM OHA JIE)KUT B b/
IUIOCKOCTH, NMapauIeIbHONW JaHHOM.

Puc. 4.22 (Fig. 4.22)

Iocmpoenue mouku nepeceueHuss RPAMOIU ¢ NJ10CKOCMbIO

3amaya Ha TOCTPOCHUE TOUKHU MEPECEUCHUS MPAMOM C IUIOCKOCTHIO IIH-
POKO TIPUMEHSIETCA B HaUepTaTesIbHOM reomeTrprun. OHa JISKUT B OCHOBE 3a-
Jlad Ha NIEPECEUCHUE JBYX INIOCKOCTEN, MOBEPXHOCTHU C MIOCKOCTHIO, IPAMOM
C MOBEPXHOCTHIO M HAa B3aMMHOE IepeceueHue MoBepXHocTeil. IlocTponTh
TOYKY IIEpECEUEHUs NMPAMOM C TIIOCKOCThIO — 3HAYUT HAWTHU TOUYKY, IPUHA-
JIKAIIyI0 OJJHOBPEMEHHO 3aJIaHHOU MpsIMOM W tockocTu. ['paduuecku Ta-
Kasi TOYKa OMPEACISIETCS, KaK TOYKa MEPEeCceUueHUs NpsiMOr C JTMHUEH, JIexkKa-
e B MJIOCKOCTH.

Ilnockocms 3anumaem npoeyupyrouiee noaoxHceHue

Ecnu miockocTh 3aHUMAET Mpoenupyroliee nojJoKeHue (Harpumep, oHa
NEepIEeHANKYIApHa (POHTATBHONW TUIOCKOCTH Tpoekuuid — puc. 4.23), TO
dbpoHTambHAS MPOCKIUS TOYKH TIEPEeCEUCHUs JODKHA OJHOBPEMEHHO IPHU-
HaJUIeKaTh (POHTATLHOMY CIEAy IUIOCKOCTH W (DPOHTATBHOW MPOSKITNH
MPSIMOM, TO €CTh OBITh B TOUKE MX MEPECCUCHHUSI.

[TosToMy BHauane ompejeicHa (GpoHTadbHas npoekius K’ Toukum K
(Touku miepeceueHust npsmMor AB ¢ (GpoHTATBHO-TIPOCHUPYIOMIEH TIOCKO-
ctbio Q (A4 CDE), a 3aTem ee ropu3oHTaIbHAS TIPOCKITHS.
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The problems in determining the relative positions of different geomet-
ric 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 re-
quired one parallel to it.

Through point A (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 projec-
tion a’ of the point A draw the frontal projection ab of the required line paral-
lel to the frontal projection of any line contained in the plane, say, the line
CD (a'b' //c'd"). Parallel to cd through the horizontal projection a of the point
A pass the horizontal projection ab of the desired line AB (ab //cd). The line
AB is parallel to the plane P specified 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 prob-
lems 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 intersection 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 cut-
ting 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 projection of the point K is determined (the cutting point of
the line AB and the frontal projecting plane Q(4ACDE), and then its horizontal

projection.
EI

e
Fig. 4.23 (Puc. 4.23) Fig. 4.24 (Puc. 4.24)
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Ilpamasa 3anumaem npoeyupyrowjee noioxceHue

®dpoHTaNbHAS TPOSKIUS TOUYKH — TOuka K’ coBmamaer ¢ Toukamu a’u b
JI1s1 mOCTpOEHUsI TOPU30HTAIBHOM MPOEKIUH TOUYKU NEPECEUEHHUsI IPOBENEM
yepe3 Touky K B muiockoctu P mpsmyto (Hanpumep, 1-2). Brauane moctpoum
ee PpOoHTATBHYIO IPOEKLINIO, a 3aTEM TOPU3OHTAIBHYIO.

Touka K sBnsiercs Toukoi mepecedenust npsambix AB u 1-2. To ecthb
Touka K ogHOBpeMeHHO nexuT Ha npsimoil AB u B iockoctu P u, cnenosa-
TEIbHO, ABIIETCA TOUKON UX nepecedenus (puc. 4.24).

Ilpaman u naockocms 3anumalom odujee noioiceHue

B sTom cnydae nuHuUd, Jexaiias B MJIOCKOCTH U NEPECEKAroIascs ¢
JAHHOM TIPSIMOM, MOKET OBITh TOJTydeHa KaK JIMHUS IMePECEUCHHsT BCIIOMOT a-
TEJIbHOW CEKYIEW TUIOCKOCTH, MPOBEICHHON Yepe3 MPSIMYI0, C TaHHOM IIOC-
kocThio (puc. 4.25, 4.26). Touky nepecede-

HUS TIPSIMOM C TJIOCKOCTBIO CTPOSIT MO CJe- y p
IYIOIIEMY TUIaHy:

1. Yepes npamyro AB npoBoaum Bcro-
MOTaTeJIbHYIO IUIOCKOCTh P (Jiydime mpo-
CLUPYIOLIYIO);

2. Crpoum nunuto nepecedenuss MN
saganHoi mmockoctu Q(4a CDE) u Bcomo-
raTejbHON IUIOCKOCTH P;

3. Tak xak npamsie AB u MN nexar B
OJTHOM TIIOCKOCTH P, TO ompesenseM TOUKY
UX TiepeceueHus — Touky K, xoTopas siBisi-
eTcsi TOYKoW mnepecedyeHus npsmoud AB ¢
MJI0CKOCTRIO Q. Puc. 4.25 (Fig. 4.25)

Jlnst onpeneneHusT BUIUMBIX y4acTKOB MpsaMoii AB aHamm3upyem 1oio-
KEHUE TOYCK HA CKPEIIUBAIOIIMXCS MPSIMBIX (KOHKYPUPYIOIIHMX Touek). Tak,
touku M u L HaxomsTcst Ha ckpemuBaromuxcs npsambeix AB u CD:

()M € (CD), ()L € (AB)

Wx ¢ponTampHble npoekund M’ u |’ coBnanarr. 1o ropuzoHTaIBHON
IPOEKIIMU TIPH B3IIIAJE MO CTPENIKe Ha IIOCKOCTh V BUAHO, 4TO Touyka L
(mpoexkius |) Haxomutest nepen Toukord M (mpoekius M) , TO eCTh OHA 3a-
KpbIBaeT TOUKy M mpu npoeuupoBaHUM Ha (PPOHTANIBHYIO MIOCKOCTh. Ciie-
noBarenibHO, psimast AB ciieBa ot Touku K pacnosiokeHa nepes TpeyrojibHU-
koM CDE u Ha dponTanbHOM mpoeknuu oHa OyneT Buauma. Ot Touku K
BIpaBo npsamyro AB 3akpeiBaer Tpeyronpauk CDE mo touku N, coorBercT-
BEHHO OTpe30K KN’ mokaszaH Kak HEBHIUMBIIA.
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The line has a projecting position.

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 ¢’ and »'. Draw through the point K in
the plane P a straight line (say, 1-2) to obtain the horizontal projection of the
intersection point. First construct its frontal projection, then — the horizontal
one. The point K is the point of intersection of the lines AB and 1-2. 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 gi\_/en plane _(Fig. _4.25, g {Ha H
4.26). To determine the point of inter- Py ,
section of a straight line and a plane ey !
proceed as follows: Kk’
1. Pass an arbitrary auxiliary plane ' 2 e e

P through the line AB (the simplest f 2 T

way is to pass a projecting plane);

2. Find the line MN of intersection
of the given [Q (4ACDE)] and auxiliary
(P) planes;

3. As the lines AB and MN lie in
one plane P, the point of their intersec- <
tion (K) yields the desired point. a

Determine the relative visibility of *Ha V f
the line AB and the plane Q. Fig. 4.26 (Puc. 4.26)

To determine the visible sections of the line AB analyse the position
of the points on the skew lines (the competitive points).The points M and L
are situated on the skew lines AB and CD:

()M € (CD), ()L € (AB)

Their frontal projections m' and /' coincide. The horizontal projection
shows that, if the V plane is viewed in the direction of the arrow, the point L
(projection I) is situated in front of the point M (projection m), i.e. being pro-
jected on the frontal plane it covers the point M. Therefore, the line AB to the
left of the point K is situated in front of the 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 segment £'»" is shown as an invisi-
ble one.
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HeBunumplil y4acTOK Ha TOPU30HTAIBHOW NPOEKIHUH MpsiMoil AB BbIsAB-
aeH ananu3oM monoxkenus Touek 1 u 2 (L eDE, 2 €AB), npunaanexamnux
ckpemmBatrouumcs npsambiM AB u DE. Tlo ¢ppoHTansHOM TpoeKuuu BUIAHO,
YTO €CJIM CMOTPETH IO CTPEJIKE Ha MJIOCKOCTh H, TO BHavasie BUAHO TOUKY 1,
pAacIoNOKEHHYIO Bblle TOukH 2. Ha ropu3oHTanbHOM npoekuun Touka 1 3a-
KpbiBaeT Touky 2. B aTom mecte mpsimas AB 3akpsiTa Tpeyronsuukom DEF
10 Touku ux nepecedenus K (yaactok mpoekiuu K2).

4.6. BSAVUMHOE MONOXEHWE NNOCKOCTEWN

OO0uuM cirydaem B3aMHOTO TTOJIOKEHHUS ABYX IIOCKOCTEH SIBIISIETCS UX
nepeceueHre. B yacTHOM citydae, KOr/a JIMHHS TIEPECEUCHHs] yiajeHa B Oec-
KOHEUYHOCTb, TJIOCKOCTH CTAHOBATCS NapasuiesibHbIMU. [lapannensHbie mioc-
KOCTHU COBIIQJIAIOT MIPU COKPAIIEHUU PACCTOSHUS MEXKY HUMU JI0 HYJIS.

Iapannenvusie niockocmu

[Tnockoctn OyAayT mapaieIbHBIMH, €CIH JBE MEPECEKAIOIINECs Mpsi-
MbIE€ OJHOW IUIOCKOCTH COOTBETCTBEHHO IMapajUiebHBI ABYM IE€pECcCeKaro-
IIUMCSI TIPSAMBIM Apyroi miockocTu. Eciu dyepes3 Touky D (puc. 4.27) tpeOy-
eTCsl MPOBECTH IIOCKOCTh, MapauieibHyto 3aaanHoi (4 ABC), To yepe3 Tou-
Ky IPOBOJIUM JIBE MPSAMBIC, MapaJlICIbHBIC ABYM JIIOOBIM TPSIMBIM, HaXOJIs-

IIUMCSI B 33JIaHHOU TJIOCKOCTH CTOPOHAM TPEYTOJIbHUKA.
bl

y c d’ a
B c’

I b
Puc. 4.27 (Fig. 4.27)

Ilepecekatowueca niockocmu

Jlunus mepecedyeHus ABYX IJIOCKOCTEH OMpesesseTcsl IByMs TOYKaMH,
KaXJ1asi U3 KOTOPBIX MNPUHAMJICKUT O0EUM TUIOCKOCTSIM, WJIM OJHOM TOUYKOM,
MpUHAJJIeKAIIeH IBYM MJIOCKOCTSIM, U U3BECTHBIM HallpaBJICHUEM JHMHUU. B
o0oux ciydasx 3ajilada 3aKIH04YaeTcs B HaXOXKJICHUHM TOYEK, OOIIUX JIJI ABYX
IIIOCKOCTEM.

Ilepeceuenue 08yx npoeyupyrowux niockocmeil

Ecnu 1iockocT 3aHUMArOT 4actHoe mosiokeHue (puc. 4.28), To mpoek-
VST JIMHUH TIePECCUSHHs Ha MIIOCKOCTh MPOSKINA, K KOTOPOH JaHHBIE TLJI0C-
KOCTH TMEpICHANKYISPHBI Oyaer Touka. DpoHTalbHAs MPOCKIMS JTHHUU TIe-
peceueHHs ePICHNKYIISIPHA OCH TIPOSKITHIA.
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The invisible part of the horizontal projection of the line AB is deter-
mined by analysis of the position of the points 1 and 2 (1 eDE, 2 €AB), be-
longing 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 1, which lies above
the point 2, is visible first. On the horizontal projection the point 1 covers the
point 2. In this section the line AB is covered by the triangle DEF as far as the
intersection point K (the projection section k2).

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 (4ABC), 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
belonging to both planes; or by one point, belonging to both planes, plus a
given direction of the line. In both cases the problem is to find the point
common to both planes.

Intersection of two projecting planes
[]/ On EJ/ PV 3 /7/ aV

x Px m’ Ox

an PH
Fig. 4.28 (Puc. 4.28)

If the planes are of a particular position (Fig. 4.28), the projection of the
intersection line on the plane of projections to which the given planes are
perpendicular comes to be a point. The frontal projection of the line of inter-
section is perpendicular to the projection axis.
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Ilepeceuenue npoeyupyrowieii ni10cKoCmu U NI0OCKOCHMU 00uie20 no-
JI0IHCEHUA

B sTroMm cinyyae oHa mpoeKIMs JIMHUUA NIEPECEYCHUSI COBHALAET C IPO-
EKLMEN MPOECUPYIOIIEN MIIIOCKOCTH HA TOW MJIIOCKOCTH MPOEKLIHH, K KOTOPOU
oHa nepneHaukyiasipHa. Ha puc. 4.29 nokazaHo MOCTPOCHUE MPOCKIHH JIH-
HUU TepeceyeHust PpOHTAILHO-TIPOCLUPYIOIEH MIOCKOCTH, 3a/laHHOM ciie-
namu, a Ha puc. 4.30 — ropu30HTaATBHO-IIPOCLUPYIOMIEHN MIIOCKOCTH, 3aaH-
Holl TpeyrosbHUKOM ABC ¢ IMJIOCKOCTBIO OOIIETr0 TMOJIOKEHMS, 3aJaHHOU
TpeyrosibHUKoM DEF.

g 7
b/

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

Ha ¢ponranshoit npoexunu (puc. 4.29) B nepecedueHun ciaeaa MmiocKo-
cti PV u cropon DE u DF tpeyronsauka DEF naxoqum gponTansHbie npo-
ek M’ u N’ nuHuu nepeceyeHus. CTpost IMHUM CBSI3M, HAXOAWUM TOPU30H-
TanbHbIe poekuu Touek M u N nmuHuun nepeceuenus.

[Tpu B3rmsiae Ha TI0CKOCTh H 1O (hpOHTANBHON MPOEKIIUU BUIHO, YTO
4acTh TpeyrojbHUKa JieBee JuHuu nepeceduenns MN (MmN’ Haxogutcs Han
I0cKOCThI0 P. Ha Topu3oHTanbHON MIIOCKOCTH MPOSKINI Oy/1eT BHIAMMOM.
OcrasbHast 4acTh — MO MJIOCKOCThIO P HeBuauma. [logoOHbpIM 00pa3zom Ha-
XOJUTCS JTMHUS TIEPECEUSHUs JIJIs TUIOCKOCTEHN, n300pakeHHbIX Ha puc. 4.30.

Ilepeceuenusa naockocmeii 00uie2o noa0HceHUn

OOmwmii mpuemM NOCTPOCHHUSI JTMHUU MEPECEUEHUs] TaKUX IIOCKOCTEHN 3a-
KJIII0YaeTcs B CleayroleM. BBoIuM BCoMOraTelibHYIO IUIOCKOCTh (ITOcpe-
HUK) U CTPOUM JIMHUM NEPECEYEHUs] BCIIOMOIaTeIbHON MIOCKOCTU C ABYMS
3agaHHbIMU (puc. 4.31). B nepeceueHnn MOCTPOECHHBIX JUHUI HaxoauM 00-
IIyI0 TOYKY JIBYX IUIOCKOCTEH. JIJIsl HaXOXKJIEHUsI BTOPOM OOIIEeH TOYKH I10-
CTPOEHHE MTOBTOPSIEM C MOMOIIBIO €II€ OJHOW BCIIOMOIaTENbHON IUIOCKOCTH.
[Tpu pemennn nogoOHBIX 3a1a4 yaoOHEe B KayeCTBE MOCPEAHUKOB IPUMe-
HATH Npoenupyromue mrockoctu. Ha puc. 4.32 naHo MOCTpOEHHE JTMHUH T1€-
pecedeHuss ABYX TPEYrOJIbHUKOB. PelleHne BBINOJIHAEM B CHEAYIOIIEHW ITO-
CJIEI0BATEIIBHOCTH.
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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 per-
pendicular. Figure 4.29 shows the construction of the projections of the inter-
section line of the frontal projecting plane specified by traces; Figure 4.30 -
of the horizontal projecting plane specified by the triangle ABC with the
plane of general position specified by the triangle DEF.

In the point of intersection of the plane Pv trace with the sides DE and
DF of the triangle DEF on the frontal projection (Fig. 4.29), find the frontal
projections m' and n' of the intersection line. Drawing the connection lines
find the horizontal 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. Find the intersection
lines of the planes of Fig.4.30 in a similar fashion.

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 intersection of this plane with the two given ones (Fig. 4.31).
av
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Fig. 4.31 (Puc. 4.31) Fig. 4.32 (Puc. 4.32)

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. In solving such kinds of problems, it is better to use projecting
planes as intermediaries. Fig. 4.32 shows the construction of the intersection
line of two triangles. The solution is as follows.
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[IpoBoauM nBe BcroMorarenbHbIE (POHTAIBHO-TPOCIUPYIONINE III0C-
KOCTH — TUI0cKOCTh P uepe3 cropony AC u miiockocts Q uepes cropony BC
tpeyronbarka ABC. Tlnockocts P mepecekaer tpeyronsauk DEF mo mpsimoii
1-2. B nepeceueHrnn rOpu30HTAIBHBIX MPOEKIUK 1-2 1 aC HaX0MM TOPU30H-
TaJIbHYIO Mpoekinto Touku M(M) nmuum nepecedenus. [Inockocts Q mepe-
cekaet TpeyroinpbHuK DEF mo mpsimoit 3-4. B mepeceueHnn ropu3oHTAIBHBIX
npoekiuii 3-4 u bC HaxoauM ropuzoHTAIBHYIO Mpoekinio Touku N(N) TuHUH
nepecedyeHrus. OpoHTAIBHBIE MPOCSKIIUU ITHX TOYEK, HAXOAMM, MPOBOJIS JIH-
HUU CBS3U. AHAM3 B3aMMHOW BHJIUMOCTH TPEYTOJIHHHKOB Ha TIOCKOCTSAX
MPOEKIUH BBIMOJHAEM C TOMOIIbIO KOHKYPUPYIOLIUX TOYEK.

Jlia omnpenenaeHus: BUIUMOCTH Ha (PPOHTAIBHOW IUIOCKOCTH IMPOEKIIMMA
CpaBHUBaeM (PPOHTAIBHO-KOHKYpUPYIOLME TOUKU 1 U 5, nexalnue Ha ckpe-
mmBaromuxcs npsimbeix AC u DE. Ux (poHTanpHble NpOEKIIMU COBMAIAIOT.
Ha ropusoHTanbHOW NPOEKIUH BUIHO, YTO MPHU B3IJISAE€ HAa IIIOCKOCTh V
TOYKAa O PACIONO)KEHA OJMkKe K HaOMI0IaTeNnto, U MOTOMY OHa 3aKpbIBACT
touky 1. Yuactok mpsimoii AC neBee Touku M Oyzaer BUIUMBIM Ha (PpOH-
TaJIbHOHN IIJIOCKOCTH MpPOeKUMH. s ompeneneHuss BUIUMOCTH Ha TOPU30H-
TAITbHOU TUIOCKOCTHU MPOEKIUN CpaBHHUBAEM TOPU30HTAIBHO-
KOHKYpHUPYIOIIME TOYKK 6 U 7, Jexalme Ha cKpenruBarommxcs npsmbix AC
u DF. Ux ropusoHTanpHble Mpoekuuu coBnanarotT. [Ipu B3rimsge Ha mioc-
KocTh H BuaHO, uTO TOUKa 6 1 mpsimast AC pacroniosKeHbl BBIIIE TOYKHA [ U
npsmoit DF. CnenoBarensHo, ydyactok AM npsmoit AC Ha TOpU30HTAILHON
IUIOCKOCTH NMPOEKIMH OyIeT BUAUMBIM.

4.7. CNOCOB 3AMEHbI NNIOCKOCTEN NPOEKLUK

Jl7ig ynpoleHus: perieHus MeTPUIECKUX U MO3ULMOHHBIX 33/1a4 MPUM e-
HSIOTCSL PA3IMIHBIC METOIBI TPEOOPa30BaHUs OPTOTOHATBHBIX MPOCKITHIA.

Crioco6 3aMeHBl MJIOCKOCTEN MPOEKLUUH COCTOMT B TOM, YTO OJIHA U3
IUIOCKOCTEW 3aMEHsIeTCs HOBOM. JTa IMJIOCKOCTh BhIOMpAeTCs MEepHeHAMNKY-
JSIPHO OCTaBIIEHCS IUIOCKOCTH Ipoekuuid. ['eomerpuueckas ¢urypa npu
TOM HE MEHSIET CBOETO MOJIOKEHHsI B MpocTpaHcTBe. HoOByr0 miiockocThb
pacrionararoT Tak, YToObl IO OTHOIICHHIO K HEW TeoMeTpudeckas urypa 3a-
HUMasa yacTHoe nosioxxenue. Ha puc. 4.33 n300paxeH mpoCcTpaHCTBEHHBIN
YepTex OTpe3Ka MpsaMoil oduiero nosoxkenust AB 1 ero nmpoekuuy Ha IIIoC-
kocTsax H u V. 3amenuB miockocTs V HOBOM BEPTHKAIBHOW IJIOCKOCTHIO V1,
napauieabHOM oTpe3ky AB, momyuyuM HOBYIO CHCTEMY JIBYX B3aUMHO Iep-
NEeHIUKYISAPHBIX T1ockocte Vi, u H, oTHocutensHO KOTOpBIX oTpe3ok AB
3anuMaeTr yactHoe nojoxenue (ABIIV,), X; — HOBas ochk mpoekiuii. HoBas
npoekius orpe3ka AB (alb’l) paBHa ero HaTypaJlbHOM BEJIMYMHE, & YIOJ
paBeH HaTypalbHOW BEIMYMHE yria HaKjIoHa oTpe3ka AB k mockoctu H.
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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 1-2.

In the intersection point of the plans 1-2 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 projections of the above points and, therefore, of the intersec-
tion 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 fron-
tal competitive points 1 and 5 lying on the skew lines AC and DE. Their fron-
tal projections 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 1. 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.

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 re-
maining one. The position in space of the geometric figure remains un-
changed. 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 po-
sition and its projection on the planes H and V. Replace the plane V with a
new vertical plane V1, parallel to the line-segment AB, to obtain a new sys-
tem of two mutually perpendicular planes Vi and H, relatively to each the
segment AB has a particular position (AB/M1), X; is a new coordinate axis.
The new projection of the line-segment AB (a';h") is equal in length to its
true size, and the angle « is equal to the true size of the inclination angle be-
tween AB and the plane H.
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[Ipu 3ameHe PpoHTAIBHON MIIOCKOCTH (Kak BUAHO U3 puc. 4.33) mocro-
SIHHBIMH OCTAIOTCS Z KOOPJUHATHI, TO €CTh PACCTOSIHUE OT TOYEK J0 TOPU30H-
TaJIbHOM IJIOCKOCTU NpoeKuuil H He u3MeHseTcs.

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

CrnenoBaTenbHO, 1J1 TOCTPOCHUSI HOBOM MpoeKiuu oTpe3ka (puc. 4.34)
HEO00XO0IUMO:

—  Ha JI0OOM pPacCTOSIHUU, MapalijieibHO TOPU3OHTAIHHOM MPOEKIHH OT-
pe3ka AB, mpoBecTH HOBYIO OCh Xj;
—  Yepe3 TOpU30HTANIbHBIC MTPOCKIMK & U D, IePICHIUKYISPHO OCH X1 TIPO-

BECTHU JIMHUU CBSI3HU;

—  OT TOYEK [IEPECECUCHHUS JIUHUM CBSI3U C OCBIO X1 OTJI0XKHUTH Z KOOPAUHATHI

Touek A u B;

—  MOJyYCHHBbIC TOYKK a1 U D’ COeMHUTD MPSIMOM JIMHUECH.

[Ipu 3amMeHe ropu30HTAILHOM IUIOCKOCTH Mpoekinu H Ha HOBYIO IJjI0C-
KOCTb KOOPJAMHATHI Y TOUEK OCTAKOTCSI HEU3MEHHBIMU, TO €CTh PACCTOSIHUE OT
TOYKH 710 GPOHTATHLHON TNIOCKOCTH MPOEKIMK HE U3MEHHUTCS TIPHU MIPOCIIUP O-
BAaHUM TOYKM Ha HOBYIO IUIOCKOCTh, PACIIOJOKEHHYIO MEPHNEHANKYISIPHO
wiockoctu mpoekiuit V. Ecnu mas pemrenust 3amaun HeoOXoauMma 3aMeHa
JIBYX TJIOCKOCTEN MPOEKIHM, T.€. OT UCXOJHOW CHCTEMBI INIOCKOCTEN MPOEK-
U HEOOXOUMO MEPEUTH K HOBOM, TO 3TO MOXKHO CJejaTh IO OJAHOM M3

CICOAYIOIMNUX CXCM:
% v, v, % % v,
X=E—>x1=ﬁ—)xz=H—1PIJIHX=E—>X1=H—1—)X2=H—1

YETbIPE OCHOBHbIE 3A[JAYN, PELLAEMbIE C[TOCOBOM 3AMEHbI MNOCKOCTEN
NPOEKL MU

1. Ilpamyro obwe2o nonodicenus npeobpazoeams 6 NPAMYIO, Hapaiieisb-
HY10 00HOU U3 naockocmeu npoexkyutl (puc. 4.35 u 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:

— at any distance pass the new axis x1 parallel to the horizontal projection
of the line-segment AB;

— through the horizontal projections a and b perpendicular to the axis x1
pass the connection lines;

—  from the point of intersection of the connection lines with the axis x1 lay
off z-co-ordinates of A and B points;

—  connect the obtained points a’/ and '/ with a straight line.

When replacing the horizontal plane H with a new one, y-co-ordinates
remain 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, perpendicular 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 (Fig. 4.35, 4.36).

b/

Fig. 4.35 (Puc. 4.35) Fig. 4.36 (Puc. 4.36)
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Taxoe npeobpaszosanue no3eossem onpeoeiums HaAmypaibHylo 6eaudu-
HY OMpe3Ka NPAMOU U y2iibl HAKIOHA €20 K NI0CKOCMAM NPOEKYUU.

[Ipn pemieHnu 3anayud HOBYIO IUIOCKOCTh, Hampumep, Vi (puc. 4.35),
CTaBUM B IOJIOKEHUE, MapajuleIbHOE OTpe3Ky. B 3ToM ciiyuae HOBas OCb
IpOEKIUN OyIeT MPOXOAUTH MapajiebHO TOPU3OHTAIBLHONW MPOEKIUH Mpsi-
MOM.

|4

Vi
x=E—>x1=ﬁ;V1J_H; Vil AB; x; Il ab

UYepes ropu30HTAIBHBIC POSKIIMU 8 U D, meprneHauKyIsipHO HOBOM och
X1, IPOBOJUM JIMHUM CBSA3M U HA HUX OTKJIQJbIBAEM Z KOOPJIMHATHI TOUYEK (TO
€CThb PacCTOSIHHE OT OCH X 10 PPOHTAIbHOM mpoekuu Touek). HoBast mpoek-
nust 104 Oyner paBHa HaTypajbHOW BEIMYMHE OTPE3Ka, a yroj o — paBeH
yIJy HaKJIOHA OTpe3Ka K IIockoctu H.

IIpu 3aMeHe rOPU30HTAIBHOM IJIOCKOCTH NPOEKIHUNA HA HOBYIO, PacIo-
Jarasi 3Ty IUIOCKOCTh HapajuieabHO oTpe3Ky AB, MbI onpenenuM Harypaib-
HYIO BEJIMYMHY OTPE3Ka M yrojl HAKJIOHA €ro K miockoctu V — yron [ (puc.
4.36).

B aTOM citydae och MpoeKIHii HOBOM TNIOCKOCTH IPOBOAUM Iapajlieiib-
HO (ppoHTANILHOM MpoeKny psiMoit a’'b’, a KoopauHATE Y OepeM ¢ TOPU30H-
TAJIbHOM TIJIOCKOCTH MTPOCKIIHH.

V V
x=H—>x1=H—1;H1J_V; H{ I AB; x{ ll a'b’

2. IIpsmyro, napannienvuylo 00OHOU U3 NIOCKOCMel npoekyull, npeoobpa-
308amb 8 NPOEYUPYIOWYIO NPAMYIO, MO eCb NOCMABUMb 8 NOJIOJCEeHUe, nep-
NEHOUKYIAPHOEe NJIOCKOCMU NPOeKyull, 4moodbl npamas Had 3my HI0CKOCHb
cnpoeyuposanacy 8 mouxy (puc. 4.37).

Tak kak maHHas mpsMas mapajiebHa TOPHU3OHTATLHOHN TIIOCKOCTH TIPO-
eKITUH, TO JIJIsl IpeoOpa3oBaHus €¢ B MPOCIHUPYIONIYIO MPSIMYI0, HEOOXO0AUMO
3aMEHUTH (PPOHTATBHYIO IIIOCKOCTh V Ha HOBYIO Vi, pacrioio’KUB TUIOCKOCTh
V, nepnenaukymsipao AB. Toraa Ha mmockocTh Vi mpsiMas Cripoerupyercs B
Touky (a’1=b1).

|4

Vi
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Such a transformation helps to determine the true size of the line-
segment and its inclination angles contained by the projection planes.

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 hori-
zontal projection of the given line.

|4 4
xzﬁexlzﬁ; Vi LH; V, Il AB; x{ |l ab

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 distance from the x axis to the frontal projection of the points). The new
projection a';h’; is equal to the true size of the segment, and the angle « is
equal to the inclination 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 AB and determine the true size of the seg-
ment and its inclination angle with the plane V - the angle g (Fig. 4.36).

In this case pass the coordinate axis of the new plane parallel to the fron-
tal projection of the line a'p’, and take the co-ordinates y from the horizontal
projection plane.

V V
x=ﬁ_>xl =H_1, Hl J_V, H1 ” AB, x1 " a,b,
2. Transform a line parallel to one of the projection planes into a pro-
jecting line, i.e. position it perpendicular to the projection plane, to project
the line on this plane as a point (Fig. 4.37).

a b’
X HV N
X7
z Vi U b
a
aj=by

X2
Fig. 4.37 (Puc. 4.37) Fig. 4.38 (Puc. 4.38)

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,/H, drawing the
plane V,; perpendicular to AB. As a result the given line is projected on the
plane V; as a point (a’,=b").

|4

Vi
x:E_)xlzﬁ; VlJ_H, V]_J_AB, le_ab
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Yro6wl npsamyro obuiero nonoxenuss AB (puc. 4.38) npeobpa3oBaTh B
MIPOCIIUPYIOIIYIO, POBOISAT JBE 3aMEHBI, TO €CTh 00€ 3a7a4H, TIEPBYIO U BTO-
pyI0, pemiaroT MociieoBaTeNbHO. BHauane mnpsmMyro OOIIEro MOJIOKEHHS
peoOpa3yroT B MPAMYIO TMapauIeIbHYIO0 TIOCKOCTH TPOCKIUN (TIPSIMYIO
YPOBHSI), @ 3aT€M JTY MPSAMYIO IPeoOpa3yroT B MPOEIHPYIOIIYIO.

3. Ilnockocmv P (4 ABC) obwezo nonoscenus npeobpazoéamv 6
npoeyupyrowyo (puc. 4.39), mo ecmo 8 pacnoniodHcenHy0 nepneHOUKYIApHO K
0O0HOIL U3 NJIOCKOCMeEl NPOEKYU.

3amMeHuM, HarpuMep, IIOCKOoCcTh V Ha
HOBYIO MJIOCKOCTh Vi, KOTOPYIO
PaCTOJIOKUM TIEPIICHIUKYIISIPHO TIOCKOCTH
H u mnockoctu P. Ilnockocts Vi Oymet
MEPIeHANKYJISIpHAa TUIOCKocTH P, ecmu Mbl
€€ PACIOJI0KUM NEPNEHAUKYISIPHO KaKOM-
HUOYb JMHAA TUTOCKOCTH. Hois
VIIPOIICHHS PEIICHUS 3a/adyd B Ka4eCTBE
ATOM JIMHUU BO3bMEM TOPU30HTAIL (JIMHHUIO,
napaJjiesibHYIO TOPU30HTATILHOM
IoCKoCTH  mpoekuuit).  Ctpoum B
mwiockoctu P ropuszontans Cl  wm
MEPICHANKYIIPHO €l TPOBOAMM HOBYIO
IIJIOCKOCTH V5. Puc. 4.39 (Fig. 4.39)

Ocp X; IpOBOUM B JIFOOOM MECTE MEPIEHIUKYISIPHO TOPU30HTAILHON
npoekiuu ropusoHTamn (X;/Cl). CTporM HOBYIO (POHTAIBHYIO MPOCKIIHIO
wiockoctd P. ['opu30HTaIb HA HOBYIO IUIOCKOCTh CIPOCIMPYETCS B TOUYKY
(c1=11%), amnockocth P (4 ABC) B nmuuuio a;c1b .

Vi

V; L C1 (C1 —ropusoHTanb); x; L (cl)

Jlns mpeoOpa3oBaHus MIOCKOCTU P B TOPU30HTAIBHO-NPOSHUPYIOUTYIO
IUIOCKOCTh, HEOOXOAMMO 3aMEHUTH TIOCKOCTh H Ha HOBYIO, PAacTIONOXKHB €€
MEePHEHIUKYIIpHO TUIOCKOocTH V' U dpoHTAIM TUIocKocTH P (kKoTopyto
MpeIBapUTEIHLHO MPOBOJINM B 3TOU IUIOCKOCTH).

4. Ilpeobpazosams niockocmov P (AABC) uz niockocmu npoeyupyiouetl
8 NJIOCKOCMb YPOBHS (NI0CKOCMb, NAPAJLIENbHYI0 00HOU U3 NIOCKOCMel Npo-
exyuti). Ilpu maxkom npeobpazosanuu mvl onpeoensieM HAMypaibHyl0 Genu-
yuny niaockou gueypol (puc. 4.40u 4. 41).
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To transform the general position line AB (Fig. 4.38) into a projecting
one, make two replacements, i.e. solve both problems, the first and the sec-
ond ones, successively. First transform a general position line into a line par-
allel to a projection plane (a line of level), then the last is transformed into a
projecting one.

3. Transform the oblique plane P (4ABC) into a projecting one (Fig.
4.39), i.e. positioned perpendicular to one of the projection planes.

Replace, for example, the plane V with a new plane V3, 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 here (the line parallel to the horizontal projection plane).
Draw in the plane P the H parallel C1 and pass a new plane V, perpendicular
to it. Pass the axis x; in any place perpendicular to the horizontal projection
of the H parallel (x;Zc1). Now construct a new frontal projection of the plane
P. The H parallel is projected onto the new plane as a point (¢,=1"7), the
plane P (4AABC) - as the line a’i¢"1b".

|74

41
x:Eexlzﬁ; V1J_H,' V1 J_P(AABC),

V; L C1 (C1 —ropusoHTanb); x; L (c1)
To transform the plane P into a horizontal projecting plane, replace the

plane H with a new one, perpendicular to the plane V and to the V parallel of
the plane P (which has been drawn in this plane previously).

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

b1 b’

aAm ‘

Fig. 4.40 (Puc. 4.40) Fig. 4.41 (Puc. 4.41)
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Ha puc. 4.40 uzo0paxkeHa ppOHTATBHO-MPOCIUPYIOIIAs INIOCKOCTh. 3a-
MEHHM TOPU30HTAIBHYIO TIOCKOCTh H Ha HOBYIO, pacmoJioKUB €€ MepIieH-
JUKYISPHO IIockocTH V U mapasuiesibHo miockoctu P. HoByro ock mpoek-
Ui X; TPOBOJAMM TapaJIebHO (GPOHTAIBHOMN Mpoekiuu a'b’c’ ¥ HOBBIC JIH-
HUUW CBSI3U MEPHEHAMKYIAPHO X;. Tak Kak 3aMEHEeHa rOpu30HTaIbHas TJIOC-
KOCTb MPOCKITUN, TO KOOPJIWHATHI Y OCTAIOTCS Hen3MeHHBIMU. [leperecem nx
Ha HOBYIO IUIOCKOCTh. B pe3ynpTaTe mosydaeM HOBYIO TOPHU3OHTAILHYIO

MIPOEKIUI0 TPEYTrOJbHUKA, PABHYIO HATYpPaJbHOM BEIMYHMHE TPEYTrOJbHHKA

ABC.
V V AN
X=—-x;=—; H LV; H | P(AABC); x; ll a’'b’c
H H4
3amava pemaeTcs aHajJOrM4yHO, eciu IUIockocTh AAABC) TOPU30H-
TanbHO-Tipoenupytomas (puc. 4.41). B atom ciydae 3ameHsiercst GpoHTaIb-
Hasg TUIOCKOCTh V Ha HOBYIO V3, KOTOpas MPOBOJIUTCA MEPIEHIUKYISIPHO
mwiockoctd H u mapamiensHo miockoctd P. Ock X; CTpouTCs mapassiesibHO
muarE abc. [py Takoit 3aMeHe KOOPAWHATHI Z OCTAIOTCSl HEU3MEHHBIMU U UX
¢ (hpOHTANILHOM MJIOCKOCTU MPOCKIUNA OTKIIAbIBAEM HA JTMHUSAX CBSI3U OT HO-
BOM OCH Xj.
|4 4]
X=—=>2X1 =
H H
Jnst Toro, 4toOBl TUIOCKOCTH OOIIEro MOJOXKEHUs Mpeodpa3oBaTh B
MJIOCKOCTh, KOTOpasi OyaeT mapajiieibHa OJHOM M3 IUIOCKOCTEH MPOEKIIUA,
HE0OXOAMMO MPOBECTH JIBE 3aMEHBI, TO €CTh PEUIUTh COBMECTHO TPEThIO U
4YeTBEpTYIO 3a1auu (puc. 4.42).
v 4]

Lx=——>x =—
X H—>X1 H

; Vi LH; Vi Il P(AABC); x4 |l abc

sV, LH; V, L P(AABC); V, L C1; x4 L (c1)

V.
2.3, = H—l — x,; Hy L Vy; Hy I| P(AABC); x4 Il alblc)
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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 paral-
lel to the plane P.

Pass the new axis x; parallel to the frontal projection a'b'c’, and new
connection lines - perpendicular to x;. Y 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 AABC.

The problem is solved in a similar fashion if the plane P (4ABC) is a
horizontal projecting plane (Fig. 4.41). In this case the frontal plane V is re-
placed 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/

Puc. 4.42 (Fig. 4.42)

4 V.
1.x=ﬁ—>x1=ﬁ1; V, LH; V, L P(AABC); V; L C1; x; L (c1)

V.
2.%, = H—1 — x,; Hy L Vy; Hy || P(AABC); x, Il albic)
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13.
14.

15.

BOMPOCHI K I'MABE 4

Kax Mmoxxert ObITh 3371aHa Ha UyepTexe rmiockas ¢purypa’?

Yrto Ha3bIBAETCS CIAEOM IIJIOCKOCTHU?

JlaiiTe ornpeneneHne mIOCKOCTH OOIIEro MoIoXKeHus?

Kakast minockocTh Ha3bIBaeTCsl MPOCHUPYIOIIEH ?

Kakas miockocTs Ha3pIBAETCA MIOCKOCTHIO YPOBHS?

[Ipu Kakux ycioBUAX npsiMasi OyJeT NpuHaaIeKaTh IIOCKOCTH ?

[Ipu KakuX yCIOBUAX TOYKA MPUHAJICIKUT TIIOCKOCTH?

Kakue nuHIM Ha3bIBAIOTCS TIaBHBIMY JIMHUSMH TUIOCKOCTH ?

HazoBute ycinoBus napamuieIbHOCTH MPSIMOU U TIJIOCKOCTH.

Kakoe B3auMHOE MOJI0KEHHE MOT'YT 3aHUMATh MJIOCKOCTH ?

Kak mo yeprexy MOXXHO OINpeAeNnTh, NapajielibHbl JIn MeXAy coOoi
JIBE TIOCKOCTH OOIIETO MOOKEHHUs?

Kak ctpouTtcst tMHus nepeceueHus IByX MIOCKOCTEN?

B uem cyThb 3akiiouaercst cnoco0 3aMeHbl III0CKOCTEN MPOEKIUiA?

B kakoil B3aMMOCBSI3M JOJDKHBI OBITH CTapasi U HOBasl MJIOCKOCTH MpPO-
eKIui?

Kakue omepanuy HYXKHO BBIOJHUTH, YTOOBI TTPEOOPA30BATH: MPIMYIO
00I1IeT0 TOJOXKEHUSI B MPOCHUPYIONIYIO MPSIMYIO; TJIOCKOCTh OOIIETo
MOJIOKEHUSA B TUIOCKOCTh YPOBHSI?
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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?
What are the terms of a line and a plane to be parallel?

How can you find the meeting point of a line and a plane?

. What are the relative positions of the planes?

. What determines mutual parallelism of two oblique planes in a drawing?
. What is the way of drawing an intersection line of two planes?

. What is the gist of the replacing planes of projection method?

. What mutual relations must the old and new planes of projections have?
. 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?
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