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Hapucna reometpisi. Po3ain 1.
Meton mpoexuii.
IpoexuiroBaHHS TOYKH

1.1. 3aBnanHs HapHUCHOI reoMeTpii

OCHOBHE 3aBJlaHHS HapHUCHOI
reoMeTpii mojsirac 'y BH3Ha4Y€HHI
cnoco0iB 300pakeHHsI TPOCTOPOBUX
00’eKTB Ha IUIOIIMHI (ApKyLIi narmepy
a0o expaHi KOMIT 10Tepa).

llle onHUM 3aBIAHHSIM HapHCHOL
TeoMeTpii € BUBYECHHS CIOCO0iB, 1110
J03BOJISIFOTh YABUTH bopmu
TEOMETPHYHNX O00’€KTiB 3a ix
IUIOCKUMHU  300pa)KeHHSIMH, TOOTO
ONaHyBaHHS NpaBWIAMHU YHUTaHHS
KpECIICHb.

B ocHoBy HapucHO1 reomeTpii
MOKJIAZICHO METOJT IIPOCKITii.

1.2. MeToa IpOEKII.
OprorosaiabHi IPOEKIT

Amapart BiJTOOpaKeHHS
MPOCTOPOBUX (iryp Ha IUTONIUHI
(puc. 1.1) Bkmowae 00’ekT, w0
MPOEKLIIOETHCS (Touka A),
IUIOIMMHY  MPOCKIi, Ha  sKy
NPOCKLIIETECST  Touka A (Ha
puc. 1.1 me m — TOpU3OHTANbHA
IUTOIIMHA TIPOEKITH ).

Tperim ENIEMEHTOM amapara
BiZOOpaXeHHS € crocio
MIPOEKLIFOBaHHSI. 3acTocoByeMO
cnoci6 OpPTOrOHAIILHOTO abo
MPSIMOKYTHOTO TIPOEKIiIOBaHHA. 3a
MM CIOCOOOM  JUISi  OTPUMAaHHS

Descriptive geometry. Chapter 1.
Method of projections.
Projecting a point.

1.1. The objective of descriptive
geometry.
The main objective of descriptive
geometry is to define the methods of
description of the spatial figures in
the plane (a piece of paper or
computer screen).

One more objective of descriptive
geometry is to study methods that
allow us to imagine forms of
geometric objects by their two-
dimensional image, in other words,
to acquire the skills of drawing
interpretation.

Method of projections is the basis of
descriptive geometry.

1.2.Method of projections.
Orthogonal projections.

The  framework  of  objects
representation in the plane (Fig. 1.1)
includes: an object being projected
(point A), a plane of projection in
which the point A is projected (in
Fig. 1.1 m; is the horizontal plane of
projection).

The third element of the framework
is method of projection. We use the
method of orthogonal or rectangular
projection.  According to this
method, to obtain the image of the
point A in the plane n; we should




300paXeHHs] TOUYKM A Ha IUIOIIMHI
m; MOTpiOHO uepe3 TOuky A (pwc.
1.2) TIPOBECTH IpsSIMy
HNEPICHAUKYJSIPHO 10  IUIOLIMHU
mpoekmiii m;. Touka meperuHy Imiel
npsAMoi 3 IUIOIIMHOK 7; (Le TOYKa
Aj) i Oyne 300paXCHHSAM TOYKH A
Ha iomuHI 7w, B HapucHii
reomeTpii 300paxkeHHs 00’ €KTiB, 110
OTpHUMaHi OIUCaHUM YHHOM,
Ha3MBaIOThCS MPOEKLISIMH 00’ €KTa.
O1xe, Touka A;— IIe OpTOTOHANIbHA
MPOEKIlisT TOYKA A Ha TJIOIIMHI 7T.
OCKINBKY IUIONIMHA Ty pO3MillleHa
TOPU30HTANBHO,  MPOGKLiI0 A
Ha3MBAKOTh TOPU30HTAIILHOIO
MPOCKII€I0 TOUKU A.

IIpsmy AA;, 3a [I0NMOMOIoI0 SKOI
3HANICHO TIPOEKIIID A;, HA3UBAIOThH
MPOEKILF0I0Y0I0 MpsiMoio (AA;L 7,
A]_: AAlﬂ T[l).

SIkmo touka C HaNEXWUTH IUIONIAHI
n; (puc. 1.3), To ii ropusoHTaIBHA
npoekuiss C; 30iraerbcsi 3 camor
toukoto C (C; = C). Ha puc. 1.3
TOYKaM IPOCTOpPY B i
DBianosinarTs €MHi
ropu3oHTaIbHI mpoekiii By i D; .
[Ipote, omHIH TOPHU3OHTANBHII
mpoeknii  F; BignoBimae Oe3miy
touok mpocropy (F, F, F i 1.1.), mo
3HAXOIATHCS Ha OJTHIH
TIPOEKLII0I0Uii psAMiiL.
Big3znauumo, 1110 TOYKH, K J€KaTh
Ha OHIA NPOEKINIOIUid MpsAMii,
Ha3MBaIOTHCS KOHKYPYIOUYHMHU.
ToukuF, F, F, mo 300paxkeni Ha
puc. 1.3, 11e KOHKypyFOUi TOUKH.

draw a straight line through the
point A (Fig.1.2) perpendicularly to
the plane of projection m;. The
intersection point of this straight line
and the plane m; (it is the pointA;)
will be the image of the point A in
the plane m. In descriptive
geometry the images of the objects
obtained by the above described
method are called the projections of
the object.

Thus, the point A; is the orthogonal
projection of the point A in the
plane =m;. Since the plane =y is
situated horizontally, the projection
A, is called the horizontal projection
of the point A.

The line AA;, which helped to
find the projectionA;, is called
project line (AAL m, A= AAN

T[]_).

If the point C belongs to the
plane w; (Fig. 1.3), than its
horizontal ~ projection C;  will

coincide with the point C (C; = C).
In Fig. 1.3 the points of space B and
D will have horizontal projections
B; and D; respectively. However,
one horizontal  projection F;
corresponds to multiple points of
space (F, F, F etc.) that are situated
on the same project line. It should
be noted that the points which lie on
the same project line are called
collinear points. The points F, F, F
shown in Fig. 1.3 are collinear
points.




OTxe, CyIUTH po
MOJIOKEHHST TOYKH B TPOCTOpPI 3a
OJIHI€TO i TIPOEKII€I0 HEMOKIIUBO, a
KpECIICHHA 3 OJHIEI0 MPOEKIIEI0
00’exTa € HEBHU3HAYEHHUM,
HEOIHO3HATHHM.

1.3. Metoa Momxa —
NPOEKIIIOBAHHSA TOYKH Ha ABI

Thus, it is impossible to define
the location of the point in the space
using its one projection only. And
the drawing with one projection of
the object is believed to be
indefinite and ambiguous.

1.3. Monge’s method. Projecting a
point on two perpendicular planes of

MEPIEHAUKYIISIPHI
ILIOIIMHM NpoeKIii. Emop
TOYKHU.

O®pannyspkuid  BueHudd  [acmap
Momx, 3aCHOBHHUK HapUCHOI
reomeTpii, 3arpoIOHyBaB IS
YCYHEHHS HEOIHO3HAYHOCTI
KpECICHHS OpTOTOHANEHE
MIPOEKIIFOBAaHHS 3IHICHIOBATH HE Ha

OJIHY, a Ha 7Bl B3aEMHO
MEPIICHANKYJISAPHI [LIOLUHA
MIPOEKIIH.

Ha puc. 1.4 nano HaouHe
300pakeHHS] TOYKM A B cCHCTeMi
JIBOX IUIOMIMH TPOSKIid 7y i Tp.
BimHeceMo [0 TUTONMH TPOEKITii
MIPOCTOPOBY TPSMOKYTHY CHCTEMY
koopamHat OXyz, ne Bicb X
30iraeThCcst 3 JIHIEIO  TEPETHHY
IUTOIIMH TPOEKLiN 7y i mp. Touka O
— nodarok koopauHat. Haoune
300pakeHHS BUKOHAHO y
¢bponTanbHii aumerpii. [lnommHy
% Ha3UBalTh (bpoHTATBHOIO
IJIOIMHOIO MIPOCSKIIIH. Jlinito
HepeTUHY TUTOLIMH MPOEeKIii
Ha3MBaIOTh BicClo mpoekuii. Jlinig
MIEPETUHY TUIONINH T3 1 T, — e BICh
MpOeKIiii X, sKka 30iraetbcs 3
KOOPJMHATHOIO0 Biccio X (X = my N
7'[2).

projection. Epure of the point.

Gaspard Monge, a French
scientist and the founder of
descriptive geometry, suggested that
orthogonal projection should be
made not on one but on two
mutually perpendicular planes of
projection in order to avoid
inaccurate drawing.

In Fig. 1.4 a visual image of the
point A in the system of two planes
of projections m; and =, is given.
Let’s consider spatial rectangular
system of coordinates Oxyz as the
plane of projection, where the axis x
coincides with the intersection line
of the projection planes m; and .
The point O is the beginning of the
coordinates. The visual image is
made in frontal oblique drawing.
The plane =, is called the frontal
plane of projection. The line where
the planes of projection intersect is
called the axis of projection. The
intersection line of the planes =; and
m, is the axis of projection X, which
coincides with the axis of
coordinates X (X = m; N 7).
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Puc. 1.1. Anapar BinodpaxeHHs
00’€KTiB Ha IIOMMHI (A - TOYKa
MPOCTOPY , L0 HE HAJICKUTD 715 71~
TOPHM30HTAJIbHA IJIOLIMHA NPOeKILiii)
Fig. 1.1. The framework of objects
representation in the plane (Ais the point
of space that doesn’t belong to m;; mis the
horizontal plane of projections)

Puc. 1.2. Anapar BigoopaxeHHst
00’€KTiB HA IJIOLIHHI
(AA;-npoexuirooua npsvMa, AA; |

71;A[TOPH30HTA/ILHA NPOEKIIisl TOUKH
A, A1 = AA1 n 7[1)
Fig. 1.2. The framework of objects
representation in the plane (AA;is the
project line, AA; | m1; Adis the

horizontal projection of the point A,

Puc. 1.3. IlpoexuiloBaHHs TOYOK Ha
TUIOLMHY NPOeKUil 71
Fig.1.3. Projecting the points on the plane
of projectionsm;

z
115} A,
73 A
% A, Xa 0
e A, o

\Y

A= AALN m)
z
T A,
A
A
X . 0 5
\l &
A
1 T[l

Puc. 1.5. IIpoexuiloBaHHsI TOYKH HA
ABi NJIOIMHH NPOEKUii
Fig. 1.5.Projecting the point on two
planes of projections mpoexiruit

Puc. 1.4. IIpoexniroBaHHs TOUYKH Ha 1Bi
ILUIOIMHM NpoeKuiii (2~ ppoHTAIBLHA
IJIONLIMHA NMpoeKNiii, Ao~ ppoHTaILHA

NpoeKLisi TOYKH A)

Fig.1.4. Projecting the point on two planes
of projections (m,is the frontal plane of
projections, Ais the frontal projection of
the point A)




®poHTansHa MIPOEKIIis A,
BU3HAYA€ThCA TAaKUM YHHOM. 3
TOYKH A  TpPOBOAUTHCA  HpsSMa

MEPIECHANKYISPHO 10 TIOMIUHA Ty,
Touka mepeTuHy miel mpsIMOi 3
IUTOIIKHOIO T, (1e Touka Aj) i Oyme
(pPOHTATBHOIO MPOEKII€I0 TOUYKH A
Ha IIJIOILMHI TTy.

Jlei mpoekuii A' i A oaHO3HAUHO
BKa3ylOTh Ha IOJIOKEHHS TOYKH A
BIZTHOCHO CHCTEMHU TUTOILMH
MIPOEKITiH 7y 1 T0y.

ITonoxxeHHs TOYKHU B
NPOCTOPI  BU3HAYAETHCA  TPHOMA
KOOpAWHATAMH. Ha puc. 1.5
MOKa3aHO BCi TPH KOOPOHHATH
Toukd A. TakuM YMHOM, MarO4H JBI
MPOEKLii TOYKH, MOXXKHA BH3HAUYUTH
i TIOJIO’KEHHS B MPOCTOP1 BiTHOCHO
IUTOIUH MPOEKLIH, TOOTO
KpECJICHHS 3 JIBOMa MPOEKIIiSIMHU, Ha
BiZIMIHY BiJI KpECJEHHs 3 OJHIEI0
MIPOEKITIETO, € BU3HAYCHUM,
OJTHO3HAYHHM.

Ha puc. 1.4, 1.5 orpumani
MPOEKIIii TOYKU A Ha JBOX B3aEMHO
MEePHEeHANKYISIPHUX MIJIOIHUHAX
MpOeKIiil m; Ta M. Jnsg toro, mob
CYMICTUTH TUIOIIMHH TIPOEKLIN 7 i
T, B OIHY CIUIbHY IUIOLIMHY
KpeCIicHHsI, 00epTaEMO IUIOIIHHY 7T1
HaBKOJIO OCi X Ji0 ii cymimieHHs 3
(bpOHTANBHOIO MIIONUHOO MPOEKITiH

T, B OJHY CHUIbHY IUIOLIMHY.
ObepranHs MIPOBOJUTHCS B
HampsiIMKy, IO  BKa3aHWU  Ha

puc. 1.6. Ilicns cyMimieHHs IUIOMIUH
OTPUMAEMO €MIOp JBOX IUIOIIUH
npoekuid (puc. 1.7) abo Tak, sK
300paxeno Ha puc.18 — 06e3

The frontal projectionA, can be
found in the following way. From
the point A we draw a line
perpendicularly to the plane n,. The
intersection point of this line and the
plane =, (it is the point A,) will be
the frontal projection of the point A
in the plane m,.

Two projections A" and A"
undoubtedly show the location of
the point A in relation to the system
of the planes of projections n; and
).
The location of the point in the
space is determined by three
coordinates. In Fig. 1.5 all three
coordinates of the point A are
shown. Thus, having two
projections of the point you can
identify its location in the space in
relation to the plane of projection,
which means the drawing with two
projections is well-defined and
unambiguous.

In Fig. 1.4, 1.5 we obtained the
projections of the point A on two
mutually perpendicular planes m;
and m,. In order to join the planes of
projections m; and m, in one common
plane of drawing, we shall revolve
the plane m; around the axis x until
its alignment with the frontal plane
of projection in one common plane
is reached. The rotation is made in
the direction shown in Fig. 1.6.
After alignment of the planes we
will obtain the epure of two planes
of projection (Fig. 1.7) or, as it is
shown in Fig. 1.8, without drawing
borders of the planes of projection.




HaHCCCHH:A 00MEKEHD

TIPOEKITii.

IUIOLIUH

Jnst oTpuMaHHS emopa TOYKH B
CHCTEMi JBOX IUIOIIUH TPOEKIii
TAaKOX OOEpPTaEMO IUIOMIMHY T,
alepasoM 3 PO3MIIICHOK Ha Hil
FOPU30HTANBLHOI0 HPOEKIiel0 A, 110
CYMIIIICHHS 3 IUIOIIMHOK T B OIHY
CIUIBbHY TUIOIIUHY KpPECJIeHHs (puc.
1.9). Tlicns cyMillleHHsT OTPUMAEMO
CMIOp TOYKH A B CHCTEMi JBOX
IUTOIIKH Tpoekuiit (puc. 1.10).

EmopoM Ha3uBaeTbcsi Kpec-JICHHS,
0 OTpUMaHEe TpPH  YSIBHOMY
CYMIIICHHI  IUIOMIMH  TPOEKIii
pazoM i3 pO3MIIIEHUMH Ha HHUX
MPOCKI[isIMKH  00’€KTa B OJHY
CHUIbHY IUIOLIMHY KPECICHHS.

Ha emropi npoekiii Touku 3’€nHaHi
MiX COOOI0 MpPSIMOIO JIHI€H0, IO
HA3WUBAETHCA JIHIEID TPOCKIITHOTO
3B’s13Ky.Bona 3aBXKINA
MIEPIICHANKYIISIPHA 10 OC1 MPOEKITii:
AA BepTHKAaJIbHA JHis
MPOEKIIIHOTO 3B’SI3Ky, MO 3’€THYE
TOPU30HTANBHY Ta  (POHTAIBHY
npoekii Touku, mpudomy AAL X

(puc. 1.10).

Ha emopi Toukm A (puc. 1.11)
MO3HAYEHO BiJIpi3KH, SKi
JIOPIiBHIOIOTh KOOpJHMHATaM X, Y 1 Z
Touku A. Ile mo3Bossie 3a emopom,
MAalOYH TiNBbKH JB1 MPOEKIIii TOUKH,
Bu3HauuTH MOJIOXKEHHS TOYKH Y

To obtain the epure of the point
in the system of two planes of
projections we shall also revolve the
plane m;, but it should be revolved
along with the horizontal projection
A, located on the plane. It is done
until the alignment with the plane
minto one common plane of
drawing is reached. (Fig.1.9) After
the alignment we obtain the epure of
the point A in the system of two
planes of projections. (Fig.1.10)

The epure is a drawing obtained
in the process of imaginary
alignment of the planes of projection
taken along with the projections of
the object, located in the planes, into
one common plane of the drawing.

On the epure the projections of
the point are connected with each
other by a straight line, which is

called the line of the project
connection. It is always
perpendicular to the axis of

projection: AAis a vertical line of
the project connection, which joins
horizontal and frontal projection of
the point, whilst AAL x (Fig. 1.10).
On the epure of the point A (Fig.
1.11) the line segments which are
numerically equal to coordinates x,
yandzof the point A are marked.
This allows us to identify the
location of the point in the space
against the plane of projection using
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T z
2 T,
X ; 0 X 0
T[l '
! Y T,
P J y
Puc. 1.6. YTBOpeHHs eniopa ABOX
_ IUIoImH npoeKuii Puc. 1.7. Eniop ABoX I/10MmMH
Fig.1.6. Constructing the epure of npoexuiii
two planes of projections Fig. 1.7.Theepureof two planes of
projections
z
X 0 z
A
A
X "L_' 0
| |
Puc. 1.8. Enop 1BoX mIomuH : A1 ' 7[1
npoexuiii L 45/ _i y
Fig. 1.8.The epure of two planes i e

of projections

Puc. 1.9. YTBOpeHHs eniopa TOYKHU B

A CHCTeMi IBOX IUIOIIMH NPOoeKIii
2 Fig. 1.9.Constructing the epure of the
point in the system of two planes of
y Ay " projections
r A,

Puc. 1.10. Enrop Toukn B
cHcTeMi IBOX IUIOLIHH

npoexuiii

Fig. 1.8.Theepureof the point

in the SyStem. of FWO planes of Puc. 1.11. Entop Toukn B cucremi
projections JABOX IVIOLUH NMPoeKuiit

Fig. 1.11.The epure of the point in the
system of two planes of projections
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MPOCTOPi BiJTHOCHO TIJIOLIUH
mpoekmiii. /[lificHo, Bimpizok AA;
(puc. 1.5) mopiBHIOE BifcTaHi TOYKH
A [0 TUIOMMHH Ty, TPHIOMY
A1A = AyA,, a, OTKe, KOOpIMHATA Z
TOYKA A BHU3HAYAE BIJICTAHb TOYKH
A 1o mmommEu 7y Bimpizoxk AA'
(puc. 1.5) nopiBHIOE BifcTaHi TOUKH
A 10 TIUIONMHU Tp, TNPUUOMY
AA;= AjA,, a, oTKe, KOOpaUHATa Y
TOYKA A BU3HAYAE BIIICTAHb TOYKU
A 10 TUIONTUHY TUy.

TakuM YHHOM, JIBOM MPOCKILisIM
TOYKM BIAIIOBiZAae €QWHA TOYKa
MPOCTOPY, 1 KpECIHCHHS 3 JBOMA
MPOEKIisAMI  (300pakeHHAMH) €
OJIHO3HAYHHUM, BU3HAUEHHUM.

1.4. ITpoek1iroBaHHS TOYKH HA
TPU IUIOIIWHUA OPOEKIIN

Ha puc.1.12  pgaHo  HaouHe
300pakeHHS CUCTEMH TPHOX
IUIOIIMH  TPOeKUid, nae 73 -—

po¢iTbHA TUTOIUHA MIPOEKIiH, Y 1 Z
— oci mpoekii (Y = m3 N 1y, Z=m3 N
1172).

Ha puc. 1.13 mokazaHo mpoekii
TOYKM A Ha TpU IUIOIIMHH
npoekmiii, me A" — mnpodigsHa
NpoeKLis Touku A, a Ha puc. 1.14
3a3Ha4YeHO BiJIpI3KH, SIK1
JIOPIiBHIOIOTh KOOpJHMHATaM X, Y 1 Z
toukn A. 3 puc. 1.14 BurumBae, mo
KOOpJIuHATa X TOYKH A JOpIBHIOE
BiACTaHl TOYKA A 70 IUIOIIMHU T3,
KOOpJMHATa Y TOYKH A JODIBHIOE
BificTaHi TOUYKU A 10 IUIOIIUHH Ty, a
KOOpJMHATa Z TOYKH A JOpIBHIOE
BifCTaHl TOYKH A 10 IIONIUHH TTq.

the epure and having only two
points of projection. Indeed, the
segment AA; (Fig. 1.5) equals the
distance of the point A to the plane
T, whilst AA = ALA,, thus, the
coordinate z of the point A defines
the distance of the point A to the
plane m;. The segment AA"
(Fig. 1.5) equals the distance of the
point A to the plane m,, whilst
AA,= AjA,, thus, the coordinate y
of the point A defines the distance
of the point A to the plane ;.
Consequently, a single point of
space  corresponds to  two
projections. Therefore, the drawing
with two projections (images) is
unambiguous and well-defined.

1.4. Projecting a point on three
planes of projections.

In Fig. 1.12 a visual image of
three planes of projections system is
given. Here, m3 is a cross plane of
projection, y and z are axes of
projections (y = 3 N @y, Z= 13N 7).

In Figure 1.13 the projections of the
point A on three planes of
projections are shown, where, A'"'is
a cross projection of the point A,
and in Fig. 1.14 the segments that
equal coordinates X, yandz of the
point A are shown. From the
Fig.1.14 we can conclude that the
coordinate x of the point A equals
the distance of the point A to the
plane w3, the coordinate y of the
point A equals the distance of the
point A to the plane 7, and the

12




T

Z
Y A,
A A,
N A, 0 T
TN Ay

Puc. 1.12. TIpocTopoBa cuctema
TPBHOX ILUIOIMH NPoeKuii (73~
npo¢inbHa IIOINHA MPOoeKIIiif)
Ta YTBOPEHHS eNI0pa TPhOX
TUIOIMH NMPOeKIii
Fig.1.12. Spatial system of three
planes of projection (msis the cross
plane of projections)

Z
Ay A,
A A,
Zp:
$ A, Xa 0 T
g |
T A, g

Puc. 1.14.IIpoekniloBanHs TOYKH
Ha TPH IJIOIUHHU NMPoeKIiit
Fig.1.14. Projecting the point on
three planes of projections

Puc. 1.13.IIpoekuiroBaHHs TOYKH
HA TPH IJIOIHHM NPoeKUin (As-
npoginbHa NpoeKist TOUKH A)
Fig. 1.13. Projecting the point on

three planes of projections (As is the

cross projection of the point A)

%

Puc. 1.15.Emop cucremu Tphox
TJIOIMH NPOeKIi
Fig. 1.15.The epure of the system
of three planes of projections

A, A, Z A
3
b3 A 0 y
A,
A
A, y '

Puc. 1.16. Emop Touku B cucremi
TPBHOX ILUIOUIMH MPOEKIiii

Fig. 1.16.The epure of the point in the

system of three planes of projections
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VYTBOpEHHSI €mopa CHCTEMH TPHOX

IUIOLIMH  TPOEKI[il  Jocsraerhes
TakuM 9uHOM (puc. 1.12). [Inommua
T,  3aIUIIAETBCSI  HEPYXOMOIO,

oOepTaHHAM HABKOJO Oced X i1 Z 3
HEI0 CYMIIIAIOTHCS IUIONIMHY Ty 1 T3
Jns Toro, mo6 IJIONUHK T 1 T3
Morim  obeprarucs, IX YMOBHO
pO3’€AHYIOTb, po3pizarouun
wronHy 1o oci y. Ha pue. 1.15
JIaHO EIIOP CHCTEMHU TPHOX IUIONIMH
mpoekuiii. Ilpu yTBOpeHHI emopa

Bicb Yy posmamacs Ha  JBa
TIPOMECHS: OTHH MIPOMiHb (Y1)
3aJMIIMBCS  HA IUIONIUHI Ty, a

Jpyruii npomink (Y3) — Ha TUIOIIKHI
TC3.

Ha puc. 1.16 nano emtop Touku A B
CHUCTEeMI TPbOX IUIOIIMH TPOEKIIH,
SKMH YTBOPEHHIl B  pe3yJbTaTi
CyMIllleHHsl IUIOUIMH TIPOEKIii B
OJIHY CHUIBHY IUIOIIMHY KPECICHHS.
Ipoekmii A; i A, po3mimeHi Ha
BEePTUKAJBHIA JHII TPOEKIIIHOTO
3B’s3KY (A1A2L X), mpoekmii A, i Ag

— Ha  TOPU3OHTAJBHIA  JiHI{
MPOEKLIHHOTO 3B’s3Ky (AzA3l Z), a
mpoekmii A i A" — mHa

TOPU30HTAJIbHO-BEPTHKAIBbHIN JIiHIT
MIPOEKLIHHOTO 3B A3KYy
(A1AyU A3A, 1Y), sxa posnanacs
Ha JBa BiApiskn AjAy 1 AzA,,
OCKIJIbKM Ha J1Ba TNIPOMEHS Y; 1 Y3
posmnanacs NMpu CyMIlleHH]I IUIOINH
MIPOEKIIiH i cama Bich MPOEKIii Y.

Ha puc. 1.17 3a3HaueHo Bifgpi3KH,

coordinate z of the point A equals
the distance of the point A to the
plane m;.

The construction of the epure of
three planes of projection system is
obtained in the following way
(Fig. 1.12). The plane m,stays fixed,;
it is aligned with the planes m;and 73
by revolving around the axes x and
z. To be able to revolve, the planes
n; and w3 are figuratively divided,
being cut along the axis y. In
Fig. 1.15 the epure of three planes of
projections system is given. In the
formation of the epure the axis y has
been divided into two rays: one ray
(yy) is left in the plane m;, and
another ray (ys) is in the plane .

In Fig. 1.16 the epure of the point
A in three planes of projection
system is given. It is formed in the
result of the planes of projection
alignment into one common plane of
the drawing. The projections A; and
A, are located on the vertical line of
the project connection (A;A,L X);

the projections A, and Az are located
on the horizontal line of the project
connection (A,AsLlz); and the

projections A and A" are on the
horizontal and vertical line of the
project connection
(A1Ay U AzA, 1Y), which has been

cut into two segments Aj;A, and
AzAy, since the axis of projection y,
itself, has also been cut into two
rays y;andys while the alignment of
the planes of the projection.
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SIKi JIOPIBHIOIOTH KOOpAHMHATAM X, Y i
Z TOYKH A, IO J103BOJISIE, BUOPABIIH
BEeIMYMHY OAWHHUII  Macmrady,
o0y TyBaTH MPOEKIil TOYKH, TOOTO
emIop  TOYKHM, 3a  33JaHUMH
YHUCEJIbHUMU 3HAYEHHSIMU il
KOOpPJHHAT.

Ha pwc.1.18-1.20 noOynoBanmii
emntop Touku B 3a I koopAMHAaTaMu:
B (40,20,30).

Tpetro npoekuito (mpodinpny Bs) 3a
JBOMa 33JlaHUMH TpoekiisiMu Bj i
Byroukn B wMoxHa 10OynyBaTH
KOOpAWHATHAM a0 TPOEKUiHHIM
cnocobamu (puc.1.21 - 1.23).

Ha puc. 1.24 nano emtop Touku B B
CHCTEMI TPHOX IUIOMINH HPOCKIIiH.

1.5. Knacudikaitis TO40K
Touku AIISATH HA TOYKU IMPOCTOPY,
o0 HE HaJeXarh  IUIOMIMHAM
MPOEKI[il, 1 TOYKH, IO HAJCKATH
[UTOII[HAM MPOEKIIii.

Ha puc. 1.25 pgaHo HaouHe
300pakeHHs Toukn C, IO HAJICKUTh
IUTOIIKHI Tpoekmii ;. Koopauaara
Z wiei TOYKH JOPIBHIOE HYIIIO,
OCKIJIbKY TOYKA JIEKUTHh HA IUIOLIMHI
n;. Ha puc. 1.26 naHo emop TOYKH
C, 1110 HaJIe)KUTh ILIOMIUHI TT;.

Ha puc. 1.27 npgano HaodHe
300pakeHHs TOUKW D, 110 HaneXuTh
IUTOLIMHI Npoekuiit m,. Koopaunara
Yy wmi€el TOYKM JOPIBHIOE HYIIIO,
OCKIJIbKH TOYKA JI)KUTH Ha IUIOIIMHI
m,. Ha puc. 1.28 nano emntop Touku

In Figure 1.17 we can see the
segments which are equal to the
coordinates x, y and zof the point A.
This allows us, having chosen scale
unit value, to design the projection
of the point, i.e. the epure of the
point, using given numerical values
of its coordinates.

In Fig. 1.18 — 1.20 we can see the
epure of the point B drawn by its
coordinates: B (40,20,30).

The third projection (the cross
projection B3) can be drawn by
coordinate or project methods (Fig.
1.21 — 1.23), two projections B;and
B, of the point B being given.

In Figure 1.24 the epure of the
point B in three planes of
projections system is shown.

1.5. Classification of the points

The points are classified into
points of space, that don’t belong to
the planes of projections, and points
that belong to the planes of
projections.

In Fig. 1.25 a visual image of the

point C that belongs to the plane of
projection m; is given. The
coordinate z of this point is equal to
zero, since the point lies in the plane
m. In Fig. 1.26 the epure of the
point C that belongs to the plane =,
is given.
In Fig. 1.27 a visual image of the
point D that belongs to the plane of
projection is given m,. The
coordinate y of this point equals
zero since this point lies in the plane
m,. In Fig.1.28 the epure of the point
D that belongs to the plane =, is

15
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A, A, Ya A
3
Zy Z,
XA
0
X
A -
Ya
A
A, y’
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Puc. 1.17. Eniop ToYku B cucremi
TPbHOX IJIOIMH NPOeKUii
Fig. 1.17.The epure of the point in
the system of three planes of
projections

Puc. 1.18. ITo6y10Ba entopa Touxku B
3a ii koopauHaTramu (1 nist)
Fig. 1.18.Constructing the epure of the
point B by its coordinates (step 1)

%

B, z
ZB=40
Xg=40
—J0
X B, y3
Yg=20
B 10
1 — yl

Puc. 1.19. Ilo6ynoBa emiopa
Touku B 3a ii koopaunaramu (2
Hist)

Fig. 1.19.Constructing the epure
of the point B by its coordinates
(step 2)

Puc. 1.20. ITo6ynoBa emopa
ToukH B 3a ii koopaunaramu (3
nist)

Fig. 1.20.Constructing the epure
of the point B by its coordinates
(step 3)
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o
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Dby 0 o8
o
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Puc. 1.21. Ilo6ynoBa npodinbhoi
npoeknii Touku B koopauHaTHEM
cnocodom
Fig. 1.21.Constructing cross projection of
the point B by coordinate method

Puc. 1.22. Ilo6ynoBa npodiabnoi
npoexuii Touku B npoexuiiinum
cnocodoM (3a 101OMOTro0 AyIrH)
Fig. 1.22.Constructing cross projection
of the point B by project method (by
means of arc)

4
BZ Bz B3
L=
X BX Nl 0 Iw. By ),3
é
b Cb.
B B,
1 yl k

B, < B,
X 0 Y,
B,
Y

Puc. 1.23. [TodynoBa npodinsHoi
npoekuii Toukn B npoexuiiinum
CrocoooM (3a I0ONOMorox0 cTajoi
NIPSIMOi KpecJIeHHsT)
Fig. 1.23.Constructing cross projection
of the point B by project method (by
means of the fixed line of the drawing)

Puc. 1.24. Enop To4KH B cHcTeMi
TPLOX ILUIOIKH MPOoeKIii
Fig. 1.24.The epure of the point in the
system of three planes of projections
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Puc. 1.25. HaouHe 300paskeHHsI TOUKH

Puc. 1.26. Entop Touku C (C € my,

C Ta i npoekuiii (C € n;, zc = 0) z2c=0)
Fig. 1.25.A visual image of the point C Fig. 1.26.The epure of the point C (C
and its projections (C € my, zc = 0) € my, 2c=0)
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Puc. 1.27. HaouHe 300pakeHHsI TOYKH
D ra i mpoekuiii (D € m, yp = 0)
Fig. 1.27.A visual image of the point D
and its projections (D m,, yp = 0)
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Puc. 1.29. Haoune 300paskennst
ToukH F Ta ii npoexuiii (F € 7s,
X = 0)

Fig. 1.29.A visual image F and its
projections (F € nt3, Xg = 0)

Puc. 1.28. Emop touku D (D m,,
yo=0)
Fig. 1.28.The epure of the point D
(D T2, Yo = 0)
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Puc. 1.30. Emop Touxu F (F €
T3, Xp = 0)
Fig. 1.30.The epure of the point F
(F € T3, Xg = 0)



D, 1110 HanEeXUTh IUIOIIKHI TT).

Ha puc. 1.29 pgano HaouHe
300pakeHHS TOUKH F, 110 HAJICKUTH
IUTOIIKHI Tpoekiit m3. Koopamaara
Z i€l TOYKM JOpPIBHIOE HYIIIO,
OCKIJIBKM ~ TOYKAa  JIEKUTH  Ha
mwiouuH m3. Ha puc. 1.30 gano
enp TOYKH F, 10 HaIeKUTh

ILIOIIMHI TT3.

TakuM 4MHOM, Yy TOYKM, WIO
HAJIE)KUTh ofHii IIOIUHI
TIPOEKIIii, Bl MIPOEKIIiT

3HAXOJAITHCS HA OCSAX MPOCKIid, a
TPETs 30Ira€ThCs 3 CAMOIO TOUKOIO.

YV TOYKHM, IO HaJEKNATHh OJHIN
IUTOIIMHI TIPOEKIIiH, OoIHa
KOOpAMHATA JOPIBHIOE HYIIIO; IIe
came Ta, sika BKa3ye Ha BiIJaJICHICTh
TOYKHA JO Ti€l IUIOIIMHY MPOCKIIIH,
JI€ 3HAXOAUTLCS JaHa TOYKA.

PosrisiHeMO TO4YKH, SKi JIe)KaTh Ha
OCSIX TIPOCKIIiH, a, OTKe, HaJeKaTh

JIBOM IJIOIMHAM MIPOEKITiit
BOJIHOYAC.
Ha puc. 1.31 pgano HaouHe

300pakeHHS TOYKH E, sKa NEXHTH
Ha oci X, TOOTO HaJICKUTH JIBOM
IUIOIIMHAM ~ OPOCKIiA 7mp 1 7
BogHOoYac (X=myN7y). Y i€l Touku
KOOpAWHATH Y 1 Z JOPIBHIOIOTH
Hymo. OCKITbKA TOYKA HAJIEKHUThH 1
IUIOIMHI T3, 1 IUIOMMHI ), TO
ropusoHTanbHa E; 1 ¢pponTansHa E,
npoekiii Touku E 30iraroTecs Mix
cobor0 i 3 caMmor0 Toukow. Ha
puc. 1.32 nano emop touku E, mo
JISKUTH HA OCI IPOCKIIHA X.

given.

In Fig.1.29 a visual image of the
point F that belongs to the plane of
projection w3 is given. The
coordinate z of this point equals zero
since this point lies in the plane ms.
In Fig. 1.30 the epure of the point F
that belongs to the plane 3 is given.

Consequently, the point that
belongs to one plane of projection
has two projections located on the
axes of projections, and the third
one coincides with the point itself.

The point that belongs to one
plane of projection has one
coordinate equal to zero; it is the
one that indicates the distance of the
point to the plane of projections
where the given point is located.

Let’s look at the points that lie on
the axes of projections, thus, belong
to two planes of projections
simultaneously.

In Fig. 1.31 a visual image of the
point E that lies on the axis X, thus
belongs to two planes of projection
n; and m, simultaneously (x=m,Nmy)
is given. This point has coordinates
y and z that are equal to zero. Since
the point belongs to both planes m;
and m,, then the horizontal E, and
frontal E, projections of the point E
coincide with each other and with
the point itself. In Fig. 1.32 the
epure of the point E that lies on the
axis of projection x is given.
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Puc. 1.31. Haoune 300paskeHHs] TOUKH
E Ta ii npoexuiii (E x)

Fig. 1.31.A visual image of the point E
and its projections (E  x)
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Puc. 1.32. Emop Touxu E (E  x)
Fig. 1.32.The epure of the point E

Puc. 1.33. HaouHe 300paskenHst
Touku K Ta ii mpoekuiii (E  2)
Fig. 1.33.A visual image of the point
K and its projections (E  z)

4

m
3

Ls)o
3t L% LEZ L

Puc. 1.35. Haoune 300pa:kenHst
Touku L Ta ii npoexuiii (L y)
Fig. 1.35.A visual image of the point L
and its projections (L )
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Puc. 1.34. Entop roukn K (K 2)
Fig. 1.34.The epure of the point K
(K 2)
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Puc. 1.36. Enop Touxu L (L y)
Fig. 1.36.The epure of the point L
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Ha puc. 133 ogaso HaouHe
300paxenHss Touku K, sika JIeKUTh
Ha oci Z, TOOTO HalEXUTHb IBOM
IUIOIIMHAM ~ TPOeKIit m, 1 ™3
BomHOYac (Z= mpNmz). VY 1i€l Toukn
KOOpAMHATH X 1 Yy JOpIBHIOIOTH
Hy1r0. OCKUIBKM TOYKa HAJEKHTH 1
IUIOIIUHI Ty, 1 IUIONIMHI 73, TO
¢ponranmbra K, mpodinmeHa  Kj
mpoekiii Touku K 30irarotecs Mix
cobor 1 3 camow Toukoro. Ha
puc. 1.34 nano emop Touku K, mo
JISKUTH Ha OCI TIPOEKIIIH Z.

Ha puc. 1.35 IaHO HaoO4YHE
300pakeHHS TOYKH L, ska NeXUTH
Ha oci Yy, TOOTO HaJCKHTh JIBOM
IUIOIIMHAM ~ TPOCKIH  mi 73
BoaHouac (Y= myN7g). Y i€l TouKu
KOOpJIMHATH X 1 Z JOpIBHIOIOTH
Hyt0. OCKIJIBKH TOYKA HAJICKHTH 1
IJIOMIWHI 7y, 1 TUIOMIMHI 73, TO
ropu3oHTanbHa L; 1 mpodinbHa L
mpoekmii Touku L 30irarotbes Mix
coboro 1 3 camor TOYKOorw. Ha
puc. 1.36 maHo emop Touku L, mo
JISKUATH Ha OCI TIPOCKIIIH Y.

TakuMm 9HMHOM, y TOYOK, IO JICKATh
Ha OCSAX MPOEKIIid, TOOTO HaJIeKATh
IIBOM [UTOLIMHAM MPOEKITiit
BOJHOYAC, nBI KOOpJUHATH
JIOPIBHIOIOTH HYJIIO; 1€ came Ti, sKi
BKa3ylOTh Ha BiNaJCHICTh TOYOK
BiJl THIX TUIOIIHMH TPOEKIIiN, Ha SIKUX
BOJIHOYAC JIeKaTh I[i TOYKH, IPH
BOMY JIBi 3 TPHOX HPOCKINH JaHUX
TOYOK 30iraroTeCsa MiX €000 1 3
CaMOI0 TOYKOIO.

In Fig. 1.33 a visual image of the
point K that lies on the axis z, thus,
belongs to two planes of projection
7, and 73 simultaneously (z= m,Nn3)
is given. This point has coordinates
xandythat are equal to zero. Since
the point belongs to the plane mas
well as to the plane =3, then the
frontal K,and the Cross
Ksprojections of the point K
coincide with each other and with
the point itself. In Fig. 1.34 the
epure of the point K that belongs to
the axis of projection z is given.

In Fig. 1.35 a visual image of the
point L that lies on the axis y thus
belongs to two planes of projections
m; and w3 simultaneously (y= m;Nm3)
is given. This point has coordinates
x and z that are equal to zero. Since
the point belongs to the plane m; as
well as to the plane w3, then the
horizontal L; and the cross L;
projections of the point L coincide
with each other and with the point
itself. In Fig. 1.36 the epure of the
point L that lies on the axis of
projection yis given.

Consequently, the points that lie
on the axes of projections, thus,
belong to two planes of projections
simultaneously, have two
coordinates that are equal to zero;
they are the ones that indicate the
distance of the points from those
planes of projections in which these
points lie simultaneously, whilst two
of three projections of the given
points coincide with each other and
with the point itself.
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Hapucna reomerpisi. Po3ain 2.
I[poexuiroBaHHA MPsIMOL

2.1. IIpoexwii mpsmoi. ITpsimi
3araJIbHOrO MOJOKEHHS

[Ipsima — HalKOpOTIIA BiICTaHB
MIDX JIBOMa TOUKaMH.

[Mpoekuietro mpsMoi  JiHIT B
3arajJbHOMY BHIQJKY € TaKOX
npsima ninisg. Tak, Ha puc. 2.1 naHo
HaouHe 300paxkeHHs mpsmoi | i ii
MpOEKIA — Topu3oHTaJbHOI |; Ta
¢ponranbHol |, — B cucremi aBox
IUTOIIWH TIPOEKILIH Ty 1 7.

Ha puc. 2.2 nano emtop mpsmoi |
Y BUTJISAL TIPSAMUX JIHIA — IpoeKmin
I' i I". Slxmo mpsMa 300paxeHa
NPSIMUMHU JIiHISIMH, TO BOHA cama 1 ii
MPOEKIlT MO3HAYAIOTHCA MAIUMHU
JTepaMH JIATHHCHKOTO andaBity —
I, b, k Tomo.

[Ipssma B mpocTopi Moxe OyTH
BHU3HAYeHA [BOMAa HETOTOXXHUMH
toukamu. Ha puc. 2.3 nano HaouHe
300paxeHHsI PSIMO, 1110 TIPOXOIUTh
gepe3 Toukd A 1 B mpoctopy.
OTpuMaBm  TOPH3OHTANbHI (A,
B;) Ta ¢ponramsHi (Ap; By)
NPOEKLii IUX TOYOK Ta MHPOBIBLIM
npsMy d4epe3 Toukn A; 1 By,
JicTaHeMo TOPU3OHTAJIbHY
TIPOEKIIIF0 A;B; mpsamoi AB, a
MIPOBIBIIM TPSIMY 4epe3 TOUKH A, i
B, ,— ¢ponTanpHy mpoexuiro A; B,
npsimoi AB.

Ha puc. 2.4 ngano emtop npsmoi
AB. Skuio npsima BU3HaUY€Ha JABOMaA

Descriptive geometry. Chapter 2.
Projecting a straight line

2.1. Projections of a straight line.
Straight lines of general position.

A straight line is the shortest
distance between two points.

The projection of a straight line
is, in general, also a straight line.
Thus, in Fig. 2.1 a visual image of
the straight line | is given as well as
its projections: the horizontal |; and
the frontal I, in the system of two
planes of projections m; and ..

In Fig. 2.2 the epure of the
straight line I is given in the form of
straight lines i.e. projections |' and
1", If the line is represented by the
straight lines, then the line itself and
its projections are marked by lower
case Latin letters, such as I, b, k etc.

The straight line in space can be
determined by two non-identical
points. In Fig. 2.3 a visual image of
a straight line crossing the points of
space A and B is given. Having
received the horizontal (A, By)
and the frontal (A,, B,) projections
of these points and having drawn the
straight line through the points A;
and B;, we shall obtain the
horizontal projection A;B; of the
line AB, and having drawn the
straight line through the points A,
and B,, we shall obtain the frontal
projection A, B, of the line AB.

In Fig. 2.4 the epure of the
straight line AB is given. If the line
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HETOTO)KHMMH TOYKaMH, TO BOHa i
it TIPOEKIIil IM03HAYAIOTHCS
BEJIMKMMH JIiTepaMH  JIATHHCHKOTO
anasiTy 3a Ha3BOIO JIBOX ii TOYOK
—AB,CDirT.I.

TakuMm 4WHOM, TIPAMY JIHIIO Ha
SHIopi 300paXKYIOTh:

1) OpSIMUAMH  JIHISIMH
npoekuismu (puc. 2.2);

2) MPOEKITITMH BOX
HETOTOXXHHUX TOYOK (puc. 2.4).

3anexxHo BiI  pO3MIllIEHHA
TPSAMHUX BIZTHOCHO TUTOIIUH
MPOEKIil  pO3PI3HAIOTE  TpsAMi
3aTQJIbHOTO  ITOJIOKCHHS,  IPsIMi
PIiBHS Ta IPOCKINFOI0Yi TIPSIMI.

[TpsiMi 3araJIbHOrO TOJIOXKEHHS —
e mpsiMi, SKi HE MapalelbHi i He
NEepHEeHANKYJSIPHI 10  KOJHOI 3
TUTOIIMH TPOCKIIIH.

i

i

Ha emtopi y mpsiMHUX 3arajibHOTO
TMIOJIOXKEHHS [TPOEKIIii He TapajenbHi
i He NepIeHAUKYILIpHI 1O oOci
mpoekmiii  X. lle  xapakTtepHa
rpadidHa O3HAKa EIMIOPIB MPIMHUX
3arajbHOTO TIOJIOKEHHS, sIKa
JI03BOJISIE BiJIPi3HUTH emropu
MIPSMUX 3arajbHOTO MOJIOKEHHS BiX
eIopiB MPSIMUX piBHS Ta
NpoeKLioYnX npsamux. Ha pwuc.
2.2 1 2.4 300pakeHO emopH MPsIMUAX
3arajibHOrO MOJIOKEHHS, OCKUIbKH
Il . AlBl i Iz, A2B2 HC napanem,Hi i

HE TMEepIeHAWKYJSIpHI A0  oci
MIPOEKITiH X.

3 03HAYEHHS MPSIMOI 3arajlbHOrO
MOJIOKEHHS BUIUINBAE, o

KOOpAHWHATH X , SIK 1 KOOPJAWHATH Y

is determined by two non-identical
points, then the line and its
projections are marked by upper
case Latin letters by the name of its
two points, such as AB, CD, etc.

Consequently, on the epure the
straight line is given:

1) by the straight lines, i.e. its
projections (Fig. 2.2);

2) by the projections of its
two non-identical points
(Fig. 2.4).

There are straight lines in general
position, level lines and project
lines, depending on the location of
lines in the planes of projection.

The straight lines of general
position are the lines which are
neither parallel to each other nor
perpendicular to any plane of
projection.

On the epure the straight lines of
general position have projections
which are neither parallel nor
perpendicular to the axis of
projections x. It is a graphical
attribute of the epures of general
position straight lines. It allows us to
differentiate the epures of straight
lines of general position from level
lines and project lines. In Fig. 2.2
and 2.4 the epures of straight lines
of general position are shown, since
l, AB; and I, A,B, are neither
parallel and nor perpendicular to the
axis of projection x.

The definition of the straight line
of general position indicates that the
x coordinate as well as the y and
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x /lz
~

Puc. 2.1. 306pakenns npsimoi | y
BUIJISI NPSIMUX JIiHiH - Ti npoexuii
Fig. 2.1. A visual image of the line | in

the form of straight lines, i.e. its
projections

Puc. 2.3. 306paxenns npsimoi ABy
BUIJIsLII MpoeKuiii 1BOX il HETOTOKHMX
TOYO0K
Fig. 2.3. A visual image of the line AB in
the form of its two non-identical points
projections

Puc. 2.5. Eniop npsimoi AB i3 3a3nauennmMu
KOOPAMHATAMH TOYOK A i B
Fig. 2.5. The epure of the straight line AB with
the given coordinates of the points A and B
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Puc. 2.2. Enrop npsimoi |
Fig. 2.2. The epure of the straight

line |

B2
M
\N

B,

Puc. 2.4. Emop npsimoi AB
Fig. 2.4. The epure of the
straight line AB

B,
[
As 3k
X ok
AX=X-X 0
A B B1
Il 52
I3s
A

Puc. 2.6. Eniop npsivoi AB i3
3a3HAYCHUMH pi3HHl[ﬂMPl
KOOPJIMHAT TOYOK A i B
Fig. 2.6. The epure of the straight
line AB with the given difference
between coordinates of the points A
and B



Ta Z, 1BOX OY/Ib-SIKMX HETOTOXXHUX
TOYOK i€l TPsAMOi MAaroTh pi3Hi
4HCcIoBi 3Ha4eHHA (puc.2.5). Jlumie

MpsIMid ~ 3aTajbHOTO  ITOJIOKEHHS
BJIACTHBE T€, IO PI3HUII BCiX TPHOX
KOOpIMHAT JBOX 1i HETOTOXKHHUX
TOYOK TIPSAMOi HE JIOPIBHIOIOTH
Hymo (puc.2.6).

3a3HauYnMO MPOEKLiiHI
BJIACTHUBOCTI Ta KOOpAMHATHI

XapaKTEePUCTUKU MPSIMOT 3arajJbHOTO
HIOJIOXKEHHS:

1) Ha emropi mpoekii mpsmMoi He
mapajenbHi 1 HEe MepIeHANKYISIPHI
ocsAM MpPOEKLiH — [e XapakTepHa
rpagidHa O3HaKa, MO BIIACTHBA
TIHIIe npsIMiit 3arajgbHOro
TMIOJIOYKEHHS,

2) KOXHAa MPOEKIis Bijpizka
npsIMOi  KOpOTIA 3a HaTypajlbHY
BEITHYHHY camoro BiIpi3Ka,
OCKIUJIbKH TIpsiMa He TapajieiibHa 10
JKOJIHOT 3 TUIOIMH MPOEKIii;

3) pi3HHII KoopmuHAT X, Y, Z
JIBOX HETOTOXHHX TOYOK MPSMOi He

JIOPiBHIOIOTH HYIIIO.

2.2. HarypajpHa BEIMYMHA Biapi3Ka

the z, coordinates of two any non-
identical points of this line have
different numerical values. (Fig.2.5).
Only a straight line of general
position is characterized by the fact
that the difference between all three
coordinates of its two non-identical
points of the line is not equal to
zero. (Fig. 2.6).

Let’s sum up project attributes
and coordinate characteristics of a
straight line of general position:

1) on the epure the projections of
the line are neither parallel nor
perpendicular to the axes of
projections. It is a graphical
characteristic of a straight line of
general position only;

2) every projection of the line
segment is shorter than its true size
of the segment itself, since the line
is not parallel to any plane of
projections;

3) the difference between the x, y
and the z coordinates of two non-
identical points of the straight line is
not equal to zero.

2.2. A true size of general position

NPsIMOI 3araJIbHOT'O ITOJIOKEHHS.

line segment. Traces of a straight

Crigun npsmoi

OcCkiTbKM ~ TIPOEKINi  Bifpi3ka
OpsSMOi  3araJibHOTO  MOJIOKEHHS
KOpOTIIi 3a HaTypaJibHYy BEIHUHHY
€aMoro BifIpi3Ka, BU3HAYUTH JIHCHY
BEJIMYMHY Bipi3ka Oe3rnocepeaHbo
32 emopoM HEMOXJIHBO. [Ipote
icHye cnoci0, sKui Ha3MBa€THCS

line.

Since the projections of general
position line segment are shorter
than a true size of the segment itself,
it is impossible to define its true size
by the epure. However, there is a
method, called the method of the
right triangle, which allows us to
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crocobom TIPSMOKYTHOT'O
TPUKYTHHKA, 1o JI03BOJISIE,
BHKOHABIIH TesKi rpadivni
noOyIOBY, BH3HAYHTH HATypajbHY
BEITHYNHY Bizpi3Ka pAMO1

3araJJbHOI'O ITOJIOKCHHI.

Ha puc. 2.7 pano HaoudHe
300paxenHst Biapiska AB mpsmoi
3arajbHOIO TIOJIOXKEHHS Ta HOro
MIPOEKLiH — ropu3oHTaNbHOI A1B; Ta
¢dponranbHOl A B,. KyT o — 116 KyT
Haxuiny npsmoi AB, 1o nmpoxoanTh
gepes BiZIPi30K AB bi (o)
TOPU30HTAIBHOI IUIOIIMHN MPOESKITIH
m;. BiH BHU3HAYaeThCA K KyT MK
CcaMoI0 MIPSMOIO Ta 1
TOPU30HTAIBHOIO MPOEKIIETO.

Ha puc. 2.7 Takox mnokasaHo
BU3HAYCHHS HATYPaJbHOI BEJNYNHU
Bizpizka mpsimoi AB Ta kyra a ii
HaxXWy 10 TUIOLIMHY MPOEKLiH 73 a
Ha puc. 2.8 — 3HAXO/KEHHS IHX
BEJMYHUH Ha eTopi.

Ha  puc. 2.9 MOKa3aHo
BU3HAYECHHS HATYPaIbHOI BEJINUMHA
Bimpiska AB mpsMoi 3araiapHOTO
MIOJIOXKEHHS Ta KyTa [} TI HaXWiIy 1o
IUTOLIMHU TIPOCKIIH 7, a Ha pHC.
2.10 — moOynoBa IMX BEJUYUH Ha
ermopi.

BUCHOBKH

Harypansra BennmumHa Bimpi3ka
OpsMOi  3arajibHOrO0  MOJIOXKEHHS
BU3HAYAETHCS TiOTEHY3010
MIPSIMOKYTHOTO TPUKYTHHKA, y SIKOTO
OJIMH 3 KaTeTiB — MPOEKIIis Bipi3Ka
npsMoi  Ha  OAHY 3  IUIOIIMH
TIPOEKIIIH, a NPYrui KaTeT JOPiBHIOE

determine a true size of general
position line segment after drawing
some graphs.

In Fig. 2.7 a visual image of the
segment AB of a straight line of
general position is given, as well as
the segment’s projections: the
horizontal A;B; and the frontal
A,B,. The angle o is the angle of
slope of the line that cuts the
segment AB to the horizontal plane
of projection my. It is determined as
the angle between the line itself and
its horizontal projection.

Fig. 2.7 also shows the
determination of the true size of AB
line segment as well as the angle a
of its slope to the plane of projection
n1, and Fig.2.8 shows the location of
these values on the epure.

Fig.2.9 shows the determination
of a full size of the segment AB of
the line of general position and the
angle p of its slope to the plane of
projection m,, and Fig. 2.10 shows
the location of these values on
epure.

CONCLUSIONS

The true size of the segment of
general position line is defined by
the hypotenuse of the right triangle.
One of the legs of this triangle is the
projection of the line segment in one
of the planes of projection and the
other leg is equal to
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Puc. 2.7. BusHaueHHS Ha HA0YHOMY 300pakeHHi HaTypanasHoi Besmmunnn (H.B.) Binpizka
npsiMoi AB 3arajibHOro NMoJIOKEHHSI Ta KyTa HAXUJIY 0. IIPSIMOI /10 IVIOUIMHYU MPOeKUiii 71
Fig. 2.7. Determination of the true size of AB line segment of general position and the angle
slope a of the line to the plane of projection x; on the visual image

BZ BZ IBZ

Az A‘z 2 AZ z
) _ 0
X 310 X Blo X BlAz
/ bl B,

A a A 6 A, HEAB

Puc. 2.8. Busnayenns Ha emopi HatypaiasHoi seanunnu (H.B.) Binpizka npsimoi AB
3arajibHOTO MOJIOKEHHSI Ta KYTa HAXHJIY (L PSAMOI 10 IUVIOUIMHY MPOeKuiii 71
(a -1 nist, 6 -2 nist, B - 3 7in)
Fig. 2.8. Determination of the true size of AB line segment of general position and the
angle slope a of the line to the plane of projection m; (a-step 1, 6 -step 2, B - step 3) on
the epure
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T,

H.B.AB

Puc. 2.9. BuzHauyeHHs Ha HA0YHOMY 300pakeHHi HaTypaabHoi Besmmunnn (H.B.)
Binpizka npsmoi AB 3arajibHOro NMoJI0:KeHHs Ta KyTa HaxXuiy B npsiMoi 10 IJIOIMHI
npoeKuiii 7,

Fig. 29. Determination of the true size of AB line segment of general position and the angle
slope B of the line to the plane of projection =, on the visual image

Puc. 2.10. Busnauenns Ha emiopi HatypaasHoi Betnunan (H.B.) Binpiska npsimoi AB
3arajibHOrO MOJIOKEHHSI TAa KyTa HaXWIyf npsiMoi 10 NJIOLIMHHU NPOEeKUiii 7,
(a -1 nist, 6 -2 nis, B - 3 mist)
Fig. 2.10. Determination of the true size of AB line segment of general position and the angle
slope B of the line to the plane of projection x,
(a-step 1,6 -step 2,8 -step 3) on the epure
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PI3HUIN BiICTaHEH  TOYOK — KiHI[IB
BiJpi3Ka MPsIMOI — IO Ti€l IUIOMKUHU
MPOEKIiil, Ha sKii NOO0yIOBaHUHA
MPSMOKYTHUI TPUKYTHHK.

I3 LBOTO NIPSIMOKYTHOTO
TPUKYTHHKa  BHM3HA4YalOThb  KYT
HAXWIy TPsAMOi 10 Ti€el IUIOMUHU
MPOEKIlif, Ha sKii MOO0YJOBaHUIA
NPSAMOKYTHUU TpUKYTHUK. Llell kyT
JIOPIBHIOE KYTY MiX TIOTEHY3010 Ta
KaTeTOM — IPOCKIII€IO.

Crigom psAMoI JIHIT

the difference of the points
distance, i.e. the ends of the line
segments, to that plane of

projections in which the right angle
is drawn.

From this right angle we find the
angle slope of the line to that plane
of projections in which the right
triangle is drawn. This angle is equal
to the angle between the hypotenuse
and the leg of the right triangle —
projection.

The trace of the straight line is

Ha3WBAETHCS  TOYKA  IEPETHHY
MIPSAMOI 3 TIOIIMHOIO MTPOEKIIH.
Ha puc. 2.11 Touka M — Touka

MIEPETUHY psIMOi AB 3
TOPU30HTAIBHOIO TUTOIHOIO
mpoekIiii my, a Touka N — Touka
NIEPETUHY psIMOiL AB 3

(pOHTATHLHOIO TIOIIMHOO MPOEKIIil
).

L1i ToukH MarOTh TaKi Ha3BH:

- Touka M — Tropu3OHTaJILHUI
cming mpsaMoi  (TOYKa TEpeTHHY
npsAMOT 3 TIOMHOKO T 1);

- touka N  ¢dpoHTaNBHMIA CITif
mpsiMoi (TOYKa MEepeTHHY MPsMOi 3
IUTOIIHHOO T 5).

Ha puc. 2.12 i 2.13 noxkaszano
MOCHIZIOBHICT,  MOOYAOBH  CIIi/IiB
MmpsiMO1  BiATIOBIIHO Ha HAOYHOMY
300pakeHHi Ta emopi.

2.3. ITpsAiMi 4aCTKOBOT'O IIOJI0KEHHS

the intersection point of the line and
the plane of projections.

In Fig. 2.11 the point M is the
intersection point of the line AB and
the horizontal plane of projection =y,
the point N is the intersection point
of the line AB and the frontal plane
of projection n,.

These points are called:

- the point M is the horizontal
trace of the line (the point of
intersection of the line and plane
1),

- the point N is the frontal trace
of the line (the point of intersection
of the line and plane =«,).

In Fig. 212 and 213 the
construction sequence of the line
traces is shown with respect to the
visual image and the epure.

2.3. Lines of partial position.

IIpsMi 4acTKOBOTO MOJIOKEHHS —
e mpsAMi piBHSA Ta MHPOEKLIIOI0Yi
TIPSIMi.

The lines of partial position are
the level lines and the project lines.
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Puc. 2.11. Cainu npsimoi AB
(M — ropu3oHTAIBLHMIA €T
npsamoi, M = AB N my;

N — ¢ponTanbHmii ciix npsivoi,
N = AB N T2 )

Fig. 2.11. The traces of the straight
line AB ( M is the horizontal trace
of the line, M = AB Nmy; Nis
the frontal trace of the line,

N =ABN =n;)

Puc.2.12. IocainoBHicTh

no0y/10BM CJiIiB MpAMOi
Fig. 2.12. The construction
sequence of the line traces

Puc.2.13. IocainoBHicTh
no0ya0BH CJIIiB NPSAMOI HA
emopi
Fig. 2.13. The construction
sequence of the line traces on the
epure



[lpsmMuMu ~ piBHS  Ha3WMBAIOTh
MpsiMi, SKi MapajelbHi 0 OnHi€el 3
IUTOLIMH TIPOEKIIii, a
MIPOEKILIOI0YNMHU mpaMi,  SIKi
TIePIICHINKYIISPHI onmHiel 3
TUTOIIHH TPOCKIIiH.

Crnig 3a3HAYNTH,
MIPOEKLI00Yi psMi, SIK1
NEepHeHANKYISIpHI 10  oxHiel 3
IUIOLIMH  TPOEKLiH, mapajesbHi
BOJIHOYAC JI0 JBOX IHIIMX IUIOIIMH
npoekuii. TooTo, npsiMi 4acTKOBOTO
MOJIOXKCHHS TapaieibHi 0 OJHIET
(mpsimi piBHSI) ab0 A0 MBOX IDIOIIMH
MIPOEKIiH (TIPOCKITIFOI0Yi TPSIMI).

Jit)

0

Po3rnsiHeMO mpsAMi 4acTKOBOTO
TIOJIOXKEHHS B CHCTEMI IBOX IUIOIHH
MIPOEKIIH.

[psimi piBHS

23.1. Ilpama  piBHs, siKa
napajenbHa JO TOPU30HTaIbHOL
IUTOLIMHU TPOEKIil, Ha3WBaeThCA
TOPU30HTAJBHOIO  MpsMOI0  abo
TOPU30HTAILTIO TI03HAYAETHCS
6yxBoto h.

Ha puc.2.14 — 2.17 nano HaouHe
300paXeHHs Ta erop
TOpPHU30HTAIBHOI IpsiMoi AB.

'opu3oHTaNbHA NpsiMa Ma€ Taki
MPOEKITiiHI BJIIACTHUBOCTI Ta
KOODPJMHATHI XapaKTePUCTHKH:

i

1) ¢dponTanbHa MPOEKIIis
mapanensHa  go  oci X, lle
XapakTepHa TpadidHa o3HaKa, sKa
IpUTaMaHHA caMe Wi mpsMiil (Ha
puc. 2.14 -2.17 A,;B, // x);

The level lines are the lines that are
parallel to one of the planes of
projections, and the project lines are
the lines that are perpendicular to
one of the planes of projection.

It should be noted that the project
lines which are perpendicular to one
of the planes of projections, are, at
the same time, parallel to two other
planes of projections. Thus, the lines
in partial position are parallel either
to one (level lines) or to two planes
of projections (project lines).

Let us now consider the lines of
partial position in the system of two
planes of projections.

Level lines

2.3.1. The level line, which is
parallel to horizontal plane of
projection, is called a horizontal line
or the horizontal and it is marked by
the letter h.

In Fig. 2.14 — 2.17 a visual image
and the epure of the horizontal line
AB is given.

The horizontal line has the
following attributes and coordinate
characteristics:

1) the frontal projection is
parallel to the axis x. It is a
graphical attribute of this
particular line (Fig. 2.14 —
2.17 A2B2 1 X),

2) the coordinate z of all points
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Puc. 2.14. HaouHe 300paskeHHs
TOPU30HTAJIbHOI MPSAMOL
AB (AB |7, A:B; [|x)
Fig. 2.14. A visual image of the horizontal
line AB (AB |11, AiB: ||%)

Puc. 2.15. Eniop
TOPU30HTAJIbHOI NpsiMoi AB
Fig. 2.15. The epure of the
horizontal line AB ( A;B ||x)

0

z
A B1
A, H.B. AB T\Y

X

A, B,
z,=12,
X 10
B B,
A1 H.B. AB

Puc. 2.16. Haoune 300paskenns
ropusonTaabHoi npsiMoi AB (£ B -kyr
HAXWIy NPSMOi 10 IUIOUIMHU Tz ,
A'B'=H.B.AB, z, = z5)

Fig. 2.16. A visual image of the horizontal
line AB (£ B is the slope of line to the
plane m, , A'B'=H.B. AB, z, = Zp)
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Puc. 2.17. Enop ropu3oHTaJIbHOI
npsmoi AB (£ B -kyt Haxmiy
NPSIMOI 10 TJIOINMHM T2 |,
A'B'=H.B.AB, 7, = zg)
Fig. 2.17. The epure of the
horizontal line AB (£ B is the
slope of line to the plane n, , A'B'=
H.B. AB, 75, = Zg)




2) KoopauHaTa Z BCIX TOYOK
MPSIMOT € CTaJOI0 BEIHYHHOIO (pHC.
2.15-2.17);

3) TOpHW3OHTAJNbHA  IPOEKILiS
BiZpi3Ka IpAMOi BH3HAYAE
HATypaJbHy  BEIMYMHY  CaMoro

Bifpi3Ka MpsMOi i TapayenbHa [0
HpoOro (Ha puc. 2.14 - 2.17 A;B; =

4 ZPB - kyr Haxmiy
TOPU30HTAIILHOI psAMOi hi(e}
IUIOIIMHK T 1  BH3HAYAETHCS
Oe3mocepeIHbO 332 CmIopoM  0e3
JIOJJATKOBUX TpadiuHuX MOOYI0B.

23.2. Ilpama piBHs, sKa
mapajeiabHa 1o (poHTATBHOT
IUIOIIMHN TPOCKIii, Ha3MBAETHCS
(pOoHTATHHOIO TIPSIMOTO abo

(POHTAJTIO i TO3HAYAETECS OYKBOIO
f.

Ha puc. 2.18-2.21 paHO HaouHe
300paxkeHHs Ta emop (QpOHTAIBHOT

npsimoi CD.
OpoHTanpHa mpsMa Mae  Taki
MPOEKITiiiHI BJIACTHUBOCTI Ta

KOOpAMHATHI XapaKTePUCTHUKHU:

1) TOpW3OHTANbHA  TPOEKIIsS
nmapajensHa g0 oci X, lle
xapakTepHa TpadiuyHa oO3HaKa Iiel
npsimoi (Ha puc. 2.18-2.21 C,D, //
X);

2) xoopauMHAaTa Y BCIX TOYOK
IPSAMOi € CTaJIOI0 BEIMYHHOIO (pHC.

2.19-2.21);

3) (dbpoHTaNBHA MIPOEKITiS
BiZpi3Ka IpsIMOL BHU3HAUaAE
HaTypaJbHy  BEJIMYMHY  CaMmoro

BiZ[pi3ka IpsMOi 1 mHapajenbHa 0
Hboro (Ha puc. 2.18-2.21 C,D,= HB

of the line is a constant value (Fig.
2.15-2.17);

3) the horizontal projection of the
segment defines a true size of the
segment itself and is parallel to it
(Fig. 2.14 — 2.17 A;B; = H.B. AB,
A31B; Il AB);

4) Z B is the angle slope of the
horizontal line to the plane m, and it
is defined directly be the epure
without any additional graphical
constructions.

2.3.2. The level line, which is
parallel to the frontal plane of
projection, is called a frontal line or
the frontal and it is marked by the
letter f.

In Fig. 2.18 — 2.21 a visual
image and the epure of the frontal
line CD is given.

The frontal line has the following
project attributes and coordinate
characteristics:

1) the horizontal projection is
parallel to the axis x. It is a graphical
attribute of this particular line (Fig.
2.18 -2.21 C,D, /I x);

2) the coordinate y of all points
of the line is a constant value (Fig.
2.19-2.21);

3) the frontal projection of the
segment defines a true size of the
segment itself and is parallel to it
(Fig. 2.18 - 2.21 C,D, =HB
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C,

C
G D, m\Y

Puc. 2.18. Haoune 300pakeHHst ppoHTATLHOT
upsimoi CD (CD ||@,, CiD; ||x)
Fig. 2.18. A visual image of the frontal line CD
(CD ||m2, CiD: %)

0,
3 :
>

X ~0
G D,

y

Puc. 2.19. Eniop ¢ppoHTaIBHOL
npsimoi CD (C1D; || x)
Fig. 2.19. The epure of the frontal
line CD (C:D; ||x)

D,

H.B.CD 1

Puc. 2.16. Haoune 300pakenHs GpOHTATLHOI
npsimoi CD (£ o -KyT Haxuuy npsimMoi 10
mirouman 71, C;D,=H.B.CD, y. = yp)
Fig. 2.16. A visual image of the frontal line
AB(ZLa is
the angle slope of line to the plane =1, C;D, =
H.B.CD, Y. = ¥p)
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Puc. 2.17. Emiop ¢pponTansnoi
npsimoi CD (£ @ -KyT Haxuiay
NpsiMoi 10 NJIOLIUHH T1
CzDz =H.B.CD y Ye = yD)
Fig. 2.17. The epure of the frontal
line CD (£ «a is the angle slope of
line to the plane n1 , C,D, = H.B.
CD, Y. = o)




CD, C,D, // CD);

4) ZLa KyT  Haxuiy
(bpoHTaNTBHOT MPAMOi A0 IUIOIIUHU
T; 1 BU3HAYAETHCS OE3MOCePEeTHBO 3a
emropoM 0e3 TOAaTKOBUX TpadidHmX
mo0OyT10B.

BUCHOBKU
Ha mnommAy mpoexmiid, 1o gxoi
mpsMa  piBHS  mapaienbHa, i
BIZ[Pi30K MPOCKIFOETHCS B

HaTypaJibHy BEJIMYMHY, a Ha I1HIIY
IUIOIIMHY TMPOCKIIA — TIapayeibHO
0 oci mpoekmiid. 3a emopoMm 0e3
JOAaTKOBUX TpadidHuX 100y 0B
BU3HAYAETHCSI ~ BENIMYMHA  KyTa
HAaXWIy TPsAMOi OO0 Ti€l IUIOMWHU
MIPOEKIii, T0 sKOi mpsMa pPiBHSA HE
mapaiesbHa.

IIpoexuiroryi npsami
2.3.3. Ilpoexkuitoroua mpsima, sika
MEPICHANKYJIIPHA O  TOPH30H-
TaabHOT IUTOLLITHHA MIPOCKIIii,
HAa3UBaCTLCS TOPH30HTAJILHO-
MIPOEKLIFOI0YOI0 MPSMOIO.
Ha puc. 2.22 - 2.25 naHo HaouHe

300paXeHHs Ta erop
TOPU30HTAIBHO-IIPOEKIII0I0U01
npsimoi AB.

I'opuzoHTaIBHO-TIPOEKIIiI0I0YA
mpsiMa  Ma€  TaKi  MPOEKIiHHI
BJIACTHUBOCTI Ta KOODP/IMHATHI
XapaKTePUCTHKU:

1) TOpHM3OHTaIBHA  IMPOEKILS
mpsamMoi — Todka, a (pOHTAIbHA

MPOEKIlis TEePHeHIUKYIpHa oci X
(na puc. 2.22-2.25 A;=B;, A;B; L

X);

2) KOOPIMHATH X 1Y BCIX TOUOK

CD, C,D, // CD);

4) £ o is the angle slope of the
frontal line to the plane =; and it is
defined directly by the epure
without any additional graphical
constructions.

CONCLUSIONS.

On the plane of projection, to
which the level line is parallel, we
project its segment of true size, and
on the other plane of projection we
project it in parallel with the axis of
projection. By the epure and without
any additional graphical
constructions we define the degree
of the angle slope of the line to the
plane of projection which is not
parallel to level line.

Project lines
2.3.3. The project line which is

perpendicular to the horizontal plane
of projection is called horizontal and
project line.

In Fig. 2.22 — 2.25 a visual image
and the epure of the horizontal and
project line AB is given.

The horizontal and project line has
the following project attributes and
coordinate characteristics:

1) the horizontal projection of the
line is the point, and the frontal
projection is perpendicular to the
axis x (Fig. 2.22-2.25 A;=B,, A,B,
1x);

2) the coordinates x and y of all

35




y

>
S

B,

Puc. 2.22. Haoune 300pakeHHs] TOPH30HTAJIBHO-

npoexuirooyoi npsivoi AB (A;=B1, A:B; 1 X,
A;B; / AB)

Fig. 2.22. A visual image of horizontal and project

line (A1E Bi, AsBs 1 X, AB» 1l AB)

y4
1%] Az
H.B. AB A
B, &
X B const 0

Puc. 2.23. Emop
TOPU30HTAIBHO-
npoekuiromoyoi npsamoi AB
(A1=By, A2B; LX)
Fig. 2.23. The epure of
horizontal and project line
(A1=By, A:B2 LX)

Puc. 2.24. HaouHe 300pakeHHs1
rOPU30HTAJIbHO-NPOEKLiI0I040i npsiMoi AB
(A1 = Bl, ABr | X, AsB; 1l AB,

A;B, =H.B. AB)

Fig. 2.24. A visual image of horizontal and
project line (A1=Bi1, A;B; L X, A;B,// AB,
A-B>=H.B. AR)
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q
H.B. AB
JIBZ
X-const
X =

y-const

Puc. 2.25. Emop
TOPU30HTAIbHO-NIPOEKiI0I0401
l'lpﬂMO.l. AB (A1E Bi, AB; 1 X,

Asz =H.B. AB)

Fig. 2.25. The epure of horizontal
and project line (A;=B;,
AsB; 1 X, A,B,=H.B. AB)




NPSIMOT — CTajll BEJIMYUHU (IMB. PUC.
2.24,2.25);

3) (poHTaNBEHA TIPOEKITist
BiZpi3Ka IpAMOi BH3HAYAE
HATYpaJbHy  BEIMYHHY  CaMoro

BiJpi3Ka i mapaJienbHa 0 HhOTO (Ha
puc. 2.22-2.25 A,B,= HBAB,
A,B, //AB).

2.3.4. Tlpoekuiroroua mpsimMa, siKa
NepHeHANKYIISIpHa 10 (GPOHTANBHOT
IUIOLMHU TPOEKLil, HA3UBAETHCS
(pOHTATIBHO-TIPOCKIII FOI0YOI0
TIPSMOIO.

Ha puc. 2.26 - 2.29 nano HaouHe
300pakeHHS Ta emop (POHTAIBHO-
npoekmirorgoi mpsmoi CD.

DpoHTaNBEHO-TIPOEKIIIFOr0Ya

mpsMa  Ma€  TaKi  MPOEKIiHHI
BJIACTHBOCTI Ta KOODPIMHATHI
XapaKTEePUCTUKU:

1) ¢ppoHTaNBbHA MPOEKIIist PSMOT
— TOYKa, a TOPU30HTAJIbHA TIPOEKIis
MepIICHANKYISIpHAa Oci X (Ha puc.
2.26 - 2.29 C,=D,, C,D; L x);

2) KOOpJIMHATH X 1 Z BCIX TOYOK
NPSIMOT — CTajll BeJIMYUHU (IMB. PUC.

2.28, 2.29);

3) TOpH3OHTaJNbHA  MPOEKILST
BiZpi3Ka npsMoi BH3HAYa€e
HATypaJbHy  BEIMYMHY  CaMoro

BiJ[pi3Ka i mapaJieibHa 10 HhOTO (Ha
puc. 2.26-2.29 C;D, =H.B. CD, ).

BUCHOBKUA
Ha mmomuny mpoekiii, 10 sKoi
MPOEKIifol0Ya  TpsiMa  TEPIEH-

JOUKYJSIpHA, BOHA TPOEKILIIOETHCS B
TOYKy, @ Ha IHIIy [UJIOMHHY

points of the line are constant values
(see Fig. 2.24, 2.25);

3) the frontal projection of the
segment defines a true size of the
segment itself and is parallel to it
(Fig. 2.22-2.25 A,B,= HB AB,
A,B, //AB).

2.3.4. The project line, which is
perpendicular to the frontal plane of
projection, is called frontal and
project line.

In Fig. 2.26 — 2.29 a visual image
and the epure of frontal and project
line CD is given.

The frontal and project line has
the following project attributes and
coordinate characteristics:

1) the frontal projection of the
line is a point, and horizontal
projection is perpendicular to the
axis x (Fig.. 2.26 - 2.29 C,=D,, C;D,
L x);

2) the coordinates x and z of all
points of the line are constant values
(see Fig. 2.28, 2.29);

3) the horizontal projection of the
segment defines a true size of the
segment itself and is parallel to it.
(Fig. 2.22-2.25 C;D;= H.B.CD,
CiD, /] CD).

CONCLUSIONS
On the plane of projection to
which  the project line s
perpendicular, we project the line on
the point, and on the other plane
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A
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~N

C,
D, T \Y

Puc. 2.26. Haoune 300pazkennsi ppoHTAILHO-
npoekuirwuoi npsamoi CD (C,=D,, C;D; 1 X,
C.D,// CD)

Fig. 2.26. A visual image of the frontal and project
line CD (CZEDz, C1D1J_X, C.D, 1l CD)

%) Z
GO,
C
z-const \pD
- t
" X-cons 0
C,
H.B.CD
D, T \Y

Puc. 2.27. Emop ¢pponTanbHo-
npoekuirwoyoi npsamoi CD
(C=Dy, C1D; 1 x)
Fig. 2.27. The epure of the
frontal and project line CD
(C=D2, CiD; L X)

(=D,

z-const

,_I\ﬁ‘_’ N

X-const

x
o

H.B.CD

LD,

Puc. 2.28. Haoune 300paskennst ppoHTAILHO-
npoekuiroyoi npsimoi CD (C=D,, C,D; 1 X,

C1D1 // CD, C1D1 = H.B. CD)
Fig. 2.28. A visual image of the frontal and project
line CD (CQEDZ, C1D1 41X C1D1 /i CD, C1D1 =

H.B.CD)
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Puc. 2.29. Entop ¢ppoHTaIBHO-
npoekmniroyoi npsimoi CD
(Co=Dy, CiD; 1L X,

C1D1 =H.B. CD)

Fig. 2.29. The epure of the
frontal and project line CD
(C=D,, C1D; L X, C1Ds =

H.B. CD)




MIPOEKILii, SIKO1 BOHAa
napajenbHa, NEPIEHIUKYIISIPHO
0 OCi MpPOEKMii, a i Bimpi3ok — B
HaTypaJbHY BEIUYUHY.

a0

2.4. B3aeMHE IIOJIOKEHHS IBOX
OPAMEX

Touka HaneXWUTh NPAMIH, SKIIO
Ha emopl MPOeKILil TOYKH HalleKaTh
OJHOMMEHHUM IPOEKIIisSM MPSIMOT.

Ha puc. 2.30 Timeku TOuka D
Hanexuth npsmiit f, ockineku D=
fi 1D f,. Pemra TO4OK He
Hanexarp npsimii f.

Ipsmi B mpocTopi MOXKYTh OyTH:

1) mapanensHUMY;

2) npsIMMMH, 110 NEPETHHAIOTHCS
(mepeciuHUMU TPSIMAMHU);

3) MHUMOODKHUMH, TOOTO
NpsSIMUMH, 10 HE MapajeibHi 1 He
MIEPETHHAIOTHCH.

2.4.1. Tlpoekmii mapajgenpHIX
NPSMHUX Ha IUIOIIMHH TMPOEKIH, 10
SKAX BOHM HE NEepPHEeHAMKYISPHI,
mapajenpHi MK~ coboro  abo
mapajesbHi Ta 30iraroThes.

Ha puc. 2.31, 2.32 nano emopu
napaiensaux mpsmux (I // m ik //
n), ockineku |y [/ my i1, /1 my, ko /1
n, i kl =N,

2.4.2. Tlpoexmii mnpsAMHX, IO
MIEPETHHAIOTHCS, IIPOCKIIFOI0THCS HA
IUIOIIMHU ~ TPOCKIIH  IpSIMUMH
JHISMH, IO TaKOX MEPETUHAOTHCS,
a00 TepeTHHAIOTHCS Ta 30iraroThCs,
IPUIOMY TOYKH MIEPETUHY

of projections, to which it is parallel
we project it perpendicularly to the
axis of projection, and its segment is
projected in true size.

2.4. Mutual alignment of two
straight lines

The point belongs to the line if
the points on the epure of projection
belong to the analogous projections
of the line.

In Fig. 2.30 only point D belongs
to the line f, since D; = f; i D, = fs.
The rest don’t belong to the line f.

The lines in the space can be:

1) parallel;
2) intersecting;

3) skew, i.e. lines that are neither
parallel nor intersecting.

2.4.1. The projections of parallel
lines on planes of projections, to
which they are not perpendicular,
are either parallel to each other or
parallel and coincide.

In Fig. 2.31, 2.32 the epures of
the parallel lines are given (I // mik
/I n), since Iy // myand |5 // my, ko /1
n, and k; = n,.

24.2. The projections of
intersecting lines are drawn on the
planes of projections by straight
lines that either intersect or intersect
and coincide, whilst the intersection
points of analogous lines projections
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B,
fy
A, G0

X

Puc. 2.30. IIpuHanexHicTh TOUKH
npamii ainii
Fig. 2.30. Belonging of the point to the
line

X 10

Puc. 2.31. Emop napaiiejbHuX

Puc. 2.31. Eniop napajieJbHHX ONPAMHX
lim

Fig. 2.31. The epure of the parallel lines |
and m

uz K2
52%
X 0
51\/1<
ay K,

Puc. 2.32. Entop npsamux «a i ¢, mo

npsimux Kin NnepeTHHAIThCS
Fig. 2.31. The epure of the parallel Fig. 2.32. The epure of intersecting lines
lines k and n aand
G, K, l,
d, k, J/I{
X 10 X -0
cl':'d kl Kl
1K
1 l

Puc. 2.33. Enop npsimux C i d, mo
NePeTHHAITHCH
Fig. 2.33. The epure of intersecting lines
candd
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Puc. 2.34. Enop npamux Ki |,
IO MEePETUHATHCH
Fig. 2.34. The epure of
intersecting lines k and |




ONHOMMEHHHX TPOEKIIH MPIMUX
JIEXaTh Ha OITHIN =il
MIPOEKIIIHOTO 3B’SI3Ky, OCKUIBKH €
MIPOEKIiAMI OHi€T 1 Ti€l X TOUKH —
TOYKH MEPETUHY NPSIMUX.

Ha pumc. 2.33 pmano emrop
npsAMEX @ 1 b, o nepeTHHaTHCS B
touni K, ockimpku K=' ¢ N0, K"
d'N b (ropusonTansua npoekuis K
i pponTansna npoekmuis K'' touxkn K
JexaTh Ha OJHIM BepPTUKAIBHIN
JIHIT TPOEKIIIHOTO 3B’ SI3KY).

Ha puc. 2.34, 2.35 naHo Takox
eMmopH TepeciuHux npsmux C, d ik,
|, mo mepermHarothes B Toumi K.
Ipswmi ¢, d i k, | nexars B oxHiii
IUIOIIMHI, KA NEePICHIUKYIIPHA 0
m (puc. 2.34) i no =, (puc. 2.35). 3a
MPOCKISAMH [MX OPSAMHUX, SKI HE
30iraloTbCsi, BUAHO, LIO 1€ EMIOpH
HE MapaleNbHUX IPSIMUX, a came
MEePECIYHUX HPSMHX.

2.4.3. SIkmio psiMi
MHUMOOIDXHI, TOOTO HE TMapalieNbHi i
HE T[EPEeTHHAIOTHCSA, TO  TOYKH
MIEPETHHY ix OJHOMMEHHHX
MPOEKIIiii He JexaTh HA OMHIHM JiHil
MPOEKLIHHOTO 3B’S3KY, a IMPOeKIii
HIKOJIM HE 30IiraroThCs.

UYepes maBi MHUMOODKHI mpsAMi
HEMOJXKJIUBO HPOBECTH OJIHY
IUTOINKHY, TOOTO MHUMOODKHI MpsiMi
HE MOXYTh JIGKaTH B  ONHIN
ILIOIIMHI, Ha BiIMiHY BiI
mapajyeabHUX TNPSMHX Ta MPSIMHX,
o0 MEePEeTHHAITHCSA, a, OTKe, iX
MIPOEKIIIT HIKOJIH He 30iraroThCsl.

are located on the common line of
project connection, since they are
the projections of the same point,
i.e. the intersection point of lines.

In Fig. 2.33 the epure of the
lines a and b is given, these lines
intersect in the point K, since K; =
a; N by, Ko=a, N b, (the horizontal
projection K; and the frontal
projection K, of the point K lie on
the common vertical line of project
connection).

In Fig. 2.34, 2.35 the epures of
the intersecting lines c, d and k, | are
given, these lines intersect in the
point K. The lines ¢, d and k, | lie on
the common plane which is parallel
to m; (Fig. 2.34) and =, (Fig. 2.35).
By the projections of these lines that
do not coincide, we can see that
these are not the epures of the
parallel lines but of intersecting
lines.

2.4.3. If the lines are skew, i.e.
neither parallel nor intersecting, then
the points of intersection of their
analogous projections do not lie on
common line of project connection,
and the projections never coincide.

It is impossible to draw one plane
through two skew lines, i.e. skew
lines cannot lie in the common plane
unlike parallel lines and intersecting
lines, thus their projections never
coincide.
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Ha puc. 2.36 1 2.37 pgano emtop
npsamux a, b i ¢, d. Hespaxaroun na
Te, (] TIPOEKIIii TIPSIMHAX
MEePeTUHAIOThCS, TIJIBKH Ha PHC.
2.36 300paXeHO emIop MPSIMUX, IO
MIEPEeTHHAIOTECS, OCKIMBbKH 11 1 1;
JIeKaTh Ha OJIHIN JIHIT
mpoekIiitHoro 38’ s13ky. Ha puc. 2.37
300paXEHO  €MIp  MUMOODKHHUX
mpsIMAX,  OCKUTbKM  1;  (Touka
nepetuny Cq i d; ) i Touka 1, (Touka
nepetuHy C; i d;) He nexatp Ha
OJIHIH JTiHIT IPOEKIiHOTO 3B’ A3KY.

MoxHa  iHmUM  cnocobom
BU3HAYUTH, 10 npsimi C 1 d —
MuMoOikHI (puc. 2.38). 3 Touku 1,
MPOBOIUMO  BEPTHKAJbHY  JIHIO
MIPOEKLIHHOTO 3B’SI3KY, sIKa
nepeTuHae K C;, Tak i 0, TOOTO
TouKa | MOXKe Hale)KaTu sIK MpsMIii
C, Tak i mpsmiit d, a, omke, Touka 1
HE € TOYKOI NEPeTHHY MpsSMUX C i
d. A Ha puc. 2.36 Touka | HajIeKHUTH
SIK mpsAMiit a, Tak 1 npsiMiii b, To6TOo
€ TOYKOKO IIePeTHHY MPsAMHUX a i b.

Ha puc. 2.39 pano HaouHe
300pakeHHS MHMOODKHUX TPSIMHX
aib, a va puc. 2.40 — ix emop.

Jst MUMOOIKHHAX OPSIMUX
XapakTepHa  HASBHICTH  KOHKY-
PYIOUYHX TOYOK, 32 JTOMIOMOTOI0 SKHX
BM3HAYAIOTh BHUIMMICTH €JIEMEHTIB
reoMeTpuuHux Giryp Ha emopi.
KoHkypyrounmu Ha3UBaIOTHCS
TOYKH, SKI JIEXKATh Ha OJHIH JIiHii.

In Fig. 2.36 and 2.37 the epure of
the lines a, b and ¢, d is given.
Although the projections of the lines
intersect, only in Fig. 2.36 we can
see the epure of the lines that
intersect, since 1, and 1, lie on the
common line of the project
connection. In Fig. 2.37 the epure of
the skew lines is given, since 1; (the
point of intersection c; and d,) and
the point 1, (the point of intersection
¢, and dy) do not lie on the common
line of project connection.

Another method can be used to
define that lines ¢ and d are skew
lines (Fig. 2.38). From the point 1,
we draw a vertical line of project
connection which intersects ¢; as
well as d;, i.e. the point 1 may
belong to the line ¢, as well as to the
line d, thus, the point 1 is not a point
of intersection of the lines ¢ and d.
And in Fig. 2.36 the point 1 belongs
to the line a as well as to the line b,
consequently it is a point of
intersection of the lines a and b.

In Fig. 2.39 a visual image of the
skew lines a and b is given, and in
Fig. 2.40 their epure is shown.

The skew lines are characterized
by the presence of the collinear
points which are helpful in defining
the visibility of the geometric figure
elements on the epure. Collinear
points are the points that lie on the
same line of the project connection
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c2 12
d2
X
Cl 11
1;
dy

Puc. 2.36. Emop
nepeciuHUX NPSAMUX a i 6
Fig. 2.36. The epure of
intersecting lines @ and &

Puc. 2.37. Emop
MHMOOIKHUX
npsivux cid
Fig. 2.37. The epure of
skew lines c and d

Mornap
Ha TT1

71122030

7
y

Puc. 2.39. Haoune 300paskeHHsI MUMOOIKHHX
npsavux aie (1,2 13,4 - napu KOHKYpPYOUHX
TOYOK)

Fig. 2.39. A visual image of skew lines @ and ¢ (1, 2
and 3, 4 are the pairs of collinear points)
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Puc. 2.38. Emop
MHMMOOIKHUX
npsimux cid
Fig. 2.38. The epure of
skew lines c and d

a, Mornap

Ha TT1
1, Z
6z 37(4)
0
y

Puc. 2.40. Emop
MHMOOIKHUX NPSIMUX 4 i 6
(1,21i3,4-napu
KOHKYPYIOYHX TOYOK)
Fig. 2.40. The epure of skew
linesaand s (1,2 and 3, 4
are the pairs of the collinear
points)




Ha puc. 2.39 napu Touok 1, 2 1 3,
4 € KOHKYpYIOUHMH TOYKaMH.
Toukn 1 1 2 nexars Ha OXHIN
TOPH30HTAIHHO-TIPOCKIIFOF0Ui i
npsAMiH, sfKka TEpHeHAUKYISIpHa IO
IVIOIIMHN T3, TOMY TOPH30HTAJIbHI
MPOEKIil [HUX TOYOK 30iraroThCs
(1= 2y). Touku 3 i 4 nexarh Ha
ONIHIN  (POHTATBHO-IPOCKIIIFOI0Uii
NpsMii, sKka NepHeHAUKYJSpHa 10
IUIOLIIMHU Ty, TOMY (POHTabHI
MPOEeKLIT IUX TOYOK 30iratotbes (3;
=4,).

Otxe, AKmO Tpoekmii 000x
TOYOK 30IraroThbCs, TO II€ O3HaAYae,
o0 I TOYKH € KOHKYPYIOUHMH i
JeKaTh HA OOHIA TPOEKUIFOI0Uii

TIPSIMIH.
3 7BOX KOHKYpPYIOUHX TOUYOK
BUIMMOIO BIZIHOCHO IIOIINH

NPOEKLiH Oyzae Ta, y sIKOi MPOeKIis,
1m0 He 30iraeTbCcs 3 MPOCKINE0
iHIo{ KOHKYPYIOUO1 TOYKH,
po3MmiieHa gami Bix oci x, TOOTO s
TOYKa OyIe 3HAXOMUTHCS ONMKYe
JI0 CTIocTepiraya.

Bumnmicts enemenTta Qirypu Ha
eMmIopl  pO3B’SA3YEThCA JUI  KOXKHOI
MPOEKILIT eleMEeHTa OKpPEeMO, a came
JUTS Ti€T IPOEKIIT eJIeMeHTa, Ha SIKiif
NPOEKLIT  KOHKYPYIOUHX  TOYOK
30iratoTscs.

Bumumicte enemeHTiB  ¢irypu
3BOJINTHCS 10 BU3HAUYCHHS
BUIMMOCTI TPOEKIIH KOHKYPYIOUHX
TOYOK, IO 30IraroThCs, 1 HAJIEKAThH
3aJaHUM eJIEMEHTaM.

Ha 2.40

puc. cepen

In Fig. 2.39 the point pair 1, 2
and 3, 4 are collinear points. The
points 1 and 2 lie on the same
horizontal and project line which is
perpendicular to the plane m;, thus,
the horizontal projections of these
points coincide (1, = 2,). The points
3 and 4 lie on the same frontal and
project line which is perpendicular
to the plane m,, thus, the frontal
projections of these point coincide
(32=4y).

Therefore, if the projections of
both points coincide it means that
these points are collinear and lie on
the same project line.

Having two collinear points, the
visible on the plane of projections
will be the one whose projection
doesn’t coincide with the projection
of another collinear point, located
farther from the axis x, i.e. this point
will be located closer to the
observer.

The visibility of the element on
the epure is defined individually for
every projection of the element, i.e.
for that projection of the element on
which the projections of collinear
points coincide.

The visibility of the elements
amounts to the definition of the
visibility =~ of  collinear  points
projections that coincide and belong
to the given elements.

In Fig. 2.40 from the collinear
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KOHKYPYIOUYHX TOYOK | 1 2 BUANMOIO
HAa m € Touka 1, ¢poHTamEHA
mpoekmis 1, sfkoi po3mimeHa mami
BiZ oci X, a cama To4yka 1 — OmmKxye
1o crioctepirada. Hesuaumoro Ha my
Oyme  Touka 2, TOoMy i
TOPH30HTANBHY TPOCKIII0 21 B3N
B nyxkku. Cepen KOHKYpYHOUYHX
TOYOK 3 1 4 BHIUMOIO € TO4YKa 3,
TOPU3OHTaJbHA NPOEKLis 3; sKOi
po3MmillieHa jaaii Bif oci X, a cama
TOYKa 3 — OJMXKYe 70 crocTepiraya.
HeBunumoro Ha 7w, Oyne Touka 4,
ToMy i1 (pOHTANBHY MpOEKIio 4,
B3SUTH B TyXKKH.

Ha puc. 2.41 nokaszaHo, sk 3a
JOIIOMOTOI0  KOHKYPYIOUHX TOYOK

BHU3HAYCHO BUIMMICTh pedep
nipaminu ABCS.

Touku 1 i 2 € KOHKYpYIOUUMH,
10 JIeXKAaTh Ha ONIHIHN

TOPU30HTAJIBHO-MIPOCKLIFO0Ui i
MpsIMild, iX TOPH30HTANBHI MPOCKIIii
36iratothes (1'=2"). 3a monomororo
OUX TOYOK BHU3HAYCHO BUAUMICTD
TOPU30HTANBHUX MpoeKIiin A;S; i
BiC; pebep AS i BC, saxi e
MuMoOkHUME Tipsamumu (1 € AS, 2
€ BC). 'opuzonTanbHa npoexitis 1,
€ BWIMMOI, a 2;— HEBUIUMOIO,
OCKUTbKH TOUYKa 1, po3miieHa maii
Big oci X, HDK Touka 2,. Touxka 1
HaNeXKUTh  pedpy  AS, Tomy
rOpU30OHTANbHA  mpoekiis  A;S)
pebpa AS Oyzne BuauMoro, a pedpa
BC — HEeBHIUMOIO, OCKIIbKHA TOYKA
21 HEBHIMMA.

points 1 and 2 the visible on m; is the
pointl whose frontal projection 1, is
located farther from the axis x, and
the pointl itself is closer to the
observer. The invisible point on m;
will be the point 2 that is why its
horizontal projection 2, is written in
brackets. Among the collinear points
3 and 4 the visible is the point 3
whose horizontal projection 3; is
located farther from the axis x, and
the point 3 itself is situated closer to
the observer. The invisible point on
7, will be the point 4 that is why its
frontal projection 4, is written in
brackets.

In Fig. 2.41 you can see how to
define the visibility of pyramid
edges ABCS by means of collinear

points.
The points 1 and 2 are collinear
points that lie on the same

horizontal and project line, their
horizontal projections coincide (1; =
2,). By means of these points we
define the visibility of horizontal
projections A;S; and B;C; of the
edges AS and BC that are the skew
lines (1 € AS, 2 € BC). The
horizontal projection 1; is visible
and the projection 2; is invisible
since the point 1, is located farther
from the axis x, than the point 2,.
The point 1 belongs to the edge AS,
that’s why the horizontal projection
A;S; of the edge AS will be visible
and of the edge BC invisible, since
the point 2, is invisible.

The points 3 and 4 are collinear,
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Toukm 3 1 4 € Takox
KOHKYPYIOUMMH, BOHH JIeXKaTh Ha
OHIN  (POHTATHHO-TIPOCKIIFOI0Uiit
mpsiMid, X (POHTANBHI MPOEKIii
36iraroTecs (3, = 4,). 3a 1OOMOror
X TOYOK BH3HAYEHO BHUIUMICTh
¢poHTaTEHUX Tpoekmii A,C; 1 ByS,;
pebep AC i BC, saxi €
MuMoOLKHUMH npsimumu (3 € BS, 4
€ AC). ®poHranbHa mpoekuis 3; €
BuanMoOlo, a 4, HEBHIUMOIO,
OCKIJIbKM TOYKa 3; po3MillieHa aaji
Bix oci X, HibK Touka 41. Touka 3
Hamexuth  pebpy BS,  Tomy
¢poHTanpHA Tpoekuis B,S, pedpa
BS 6yne Bumumoto, a pedpa AC —
HEBUIUMOK, OCKUIBKH TOYKa 4
HEBUANMA.

2.5. IIpoexiiroBaHHS B3a€EMHO
HNCPHCHAUKVYIISIPHUX MMPAMUX

[Ipsmuii KYT, YTBOpPEHUI
B3a€EMHO NepHEeHANKYISIPHIMHI
TIPSIMUMU, TIPOCKIIIOETHCS Y BUTIISI
IpSIMOTO KyTa Ha Ty IUIOLIMHY
MIPOEKIIH, 10 SKOI OJHA 3 TIPSIMHUX
(cropoHa KyTa) mapajuenbHa, a Ipyra
HE MepHeHANKYJIISpHA.

Ha puc. 2.42 moka3zaHo HaodHE
300pakeHHS MIPSIMOTO KyTa,
ytBOpeHoro croponamu AB i BC,
AKi € Bigpi3KaMH MpSIMUX, 10
nepeTHHaThcs, npudomy BC // my,
a AB X m;. Ha monmmHi npoekiii

Ty TOOYZOBAaHO  TOPU3OHTANBHY
mpoekiito  A;B;C; mpsimoro xyrta

they lie on the same frontal and
project line, their frontal projections
coincide (3, = 4,). By means of
these points we define the visibility
of the frontal projections A,C, and
B,S, of the edges AC and BC,
which are skew lines (3 € BS, 4 €
AC). The frontal projection 3, is
visible and the projection 4, is
invisible since the point 3; is located
farther from the axis x, than the
point 4,. The point 3 belongs to the
edge BS, that’s why the frontal
projection B,S, of the edge BS will
be visible and of the edge AC
invisible since the point 4, is
invisible.

2.5. Projecting of mutually
perpendicular lines

The right angle formed by
mutually perpendicular lines is
projected as the right angle on that
plane of projections to which one of
the lines (the side of an angle) is
parallel, and the other is not
perpendicular.

In Fig. 2.42 a visual image of the
right angle is shown. It was formed
by the sides AB and BC, which are
intersecting segments whilst BC //
m;, and AB 1 ny. In the plane of

projections t; a horizontal projection
A;B;C; of the right angle ABC is
formed, which considering the
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Mornapg,
Ha TT1

S,

2 2;
X Ta,
A, ~LF /21l 7
L=—"g,

1 Mornap

Ha T2

Puc. 2.41. BuzHaueHHs1 BUAUMOCTI

pe6ep mipaminun ABCS

Fig. 2.41. Defining visibility of ABCS
pyramid edges

Puc. 2.42. IIpoekuiroBaHHs NPSMOro

KyTa

Fig. 2.42. Projecting of the right angle

Az
hz Kz
X ~4
KL+ .
hl/
A

1
Ao bt

Puc. 2.43. IlouaTkoBa
yMoBa 3aj1a4i Ha
BH3HA4YeHHS BigcTani
BiJX TOYKH A 10
TOPU30HTAJIbHOT
npsimoi h
Fig. 2.43. The initial
condition of the problem
for defining the distance
from the point A to the
horizontal line h

Puc. 2.44. BusHauenHs
BizcTaHi Big Touku A 10
TOPH30HTAILHOI NPAMOI

h (1 nist)

Fig. 2.43. Defining of the
distance from the point A
to the horizontal line h
(step 1)

Puc. 2.45. BuzHaueHHns
BigcTaHi Big ToukH A
a0 FOpl/l30HTaJ'll>H0i
npsimoi h (2 xis)

Fig. 2.45. Defining the
distance from the point
A to the horizontal line h
(step 2)
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BJIACTHUBICTH MPOCKIIFOBAHHS
MPSIMOTO KyTa, TAKOXK yTBOPIOE KYT
90°. THmmMMH clIOBaMH, SKIIO KYT
ABC mpsimuii, TOOTO CTOPOHH KyTa
AB i BC € B32€MHO
MIePIICHANKYIISIPHIMUA MPSIMUAMH,
npudomy ctopoHa BC mporo xyra
napajenbHa IUIONUHI 7Ty, a Jpyra
ctopoHa AB He meprneHIUKyIspHA
JI0 TUIONIMHH 7T;, TO OPTOTOHAJIbHA
npoekuiss A;B;C; mpsmoro kyra Ha
IUIOIKHI 7y ckiagae Kyt 90° (kyT
AiB1C; = 90°) abo ropu3oHTaIbHI

MPOEKIil CcTOpiH KyTa OyayTh
B32EMHO HEPICHIUKYSIPHUMA
(A1B; L B1Cy).

HaBmakn, sKmo oproroHaigbHa
MPOEKIlis KyTa, SKHH yTBOPEHUH
JIBOMA IPSMHUMH, o
MIepETUHAIOTHCS, CKIaaae KyT 90°, a
OJlHa CTOpOHa KyTa MapajeibHa JI0
Tiel  IUIONUHM  TPOEKIH,  Je
po3MillleHa OPTOTOHATIBHA MPOEKILiS
KyTa, a JApyra CTOpOHa KyTa He
MEPIEHANKYJIApHA 10  Ifel K
IUTOLMHYU TIPOEKIIiH, TO B MPOCTOPi
Takui KyT cKiIagae Takox 90°.

Ha puc. 2.43 — 2.45 nokaszaHo
pO3B’A3yBaHHS 3ajaqi Ha
BU3HAYEHHs BIJCTaHl Bif TOYKH A
JI0 TOPU30HTANIBHOT IIPsIMOi h.

angle measured in 90°. Stated
differently, if the angle ABC is
right, i.e. the sides of the angle AB
and BC are mutually perpendicular
lines, whilst the side BC of this
angle is parallel to the plane =;, and
the other side AB is not
perpendicular to the plane m;, than
the orthogonal projection A;B;C; of
the right angle on the plane =; forms
the angle measured in 90° (the angle
AB.C, 90°) or horizontal
projections of the sides of the angle
will be mutually perpendicular
(A1B; L B;Cy).

On the contrary, if the orthogonal
projection of the angle, which is
constructed by two lines that
intersect, forms the angle measured
in 90°, and one side of an angle is
parallel to that plane of projection
where the orthogonal projection of
the angle is located, whereas the
other side of the angle is not
perpendicular to the given plane of
projections, then in space the
measure of such angle is also 90°.

In Fig. 2.43 — 2.45 the solution of
the problem for defining the
distance from the point A to the
horizontal line h is given.
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Hapucna reomerpis. Po3nin 3.
IInomuna

3.1. 3a1aHHS TUIONITHA Ha EMIopi

Haitgacrime Ha eIrmopi
IUTOLIMHY 33/1a0Th:

1) mnpoekuissMH JABOX Tapa-
JenpHUX npsamux (puc. 3.1);

2) MPOCKI[SAMH ABOX MPIMHX,
10 IepeTHHarThes (puc. 3.2);

3) NpOeKIisMH TPHUKYTHUKA —
BiJiCiKa miockoi dirypu (puc. 3.3).

[TnomHy MO3HAYAIOTh MaUMHU
JiTepamu rpenpkoro angasity. Ha
puc. 3.1-3.3, KpiM TO3HAYCHHS
IUIOLIMHU  JIITEPOI0, B Jy’KKax
MOJKHa BKa3yBaTH CIIOCIO 3aIaHHS
wronnay. Hanpuknan, 3anuc o (a
| b) posubpoByeTbcs TaKuM
YMHOM: IUIOLIMHA 0 3ajlaHa JBOMa
napajensHuUMHu mpsmMuMu g 1 Db
(puc. 3.1).

[Tnommuaa moxke OyTH 3amaHa
cnigamu twiontuuu (puc. 3.4, 3.5).
Crix mionHA — 1€ TpsMa JIiHid,
o sKii IUIOMIMHA TIepeTHHAE
TUTOLIIHY TPOEKITiH.

Po3pizustoTs:
1. T'opu3oHTANRHHUN CIIJ IUIO-
MHM — Le JIiHIS [epeTuHy

IUIOIIMHA 3  TOPHU3OHTAJIBHOIO
IUTOIIHAHOO MPOCKIIIH 7.

Ha puc. 3.4, 35 hou -
TOPU3OHTAIBHUNA CITiJ] TUIONIMHU O
(HynpOBa TOPH3OHTANG IUIOIIMHH
o, TOOTO TOPHW30HTANb, sKa
3HAXOJMTHCS B TUIONIUHI 1), hoa: o
N 1.

2. OpOHTATLHHN CIIJI IIOMIWHU
—1IIe JIiHiS TEepeTHHY IUIOIUHU 3

Descriptive geometry. Chapter 3.
The plane

3.1. Determining a plane on the epure

The plane on the epure is often
determined by means of;

1) projections of two parallel lines
(Fig. 3.1);

2) projections of two straight lines
that intersect (Fig. 3.2);

3) projections of a triangle, i.e. a
segment of a plane figure (Fig. 3.3).

The plane is marked by low-case
Greek letters. In Fig. 3.1- 3.3, except
marking the plane by letter, in the
brackets you can also indicate the
method of determining the plane.
For example, the formula a (a || b)
can be defined as follows: the plane o
is determined by two parallel lines a
and b (Fig. 3.1).

The plane can be determined by
the traces of a plane. (Fig. 3.4, 3.5).
The trace of a plane is a straight line
on which the plane intersects the
plane of projections.

There are:

1. Horizontal trace of a plane. It is
a line of intersection between the
plane and horizontal plane of
projection ;.

In Fig. 3.4, 3.5 h’, we can see the
horizontal trace of a plane o (the
initial horizontal level of the plane a,
i.e. the horizontal line which is
located in the plane a), h%= o N ;.

2. Frontal trace of a plane. It is a line
of intersection between the plane and
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a, bz

a

Puc. 3.1. 3aganus
TUIOLMHHU JBOMA
napaJjie;ibHUMH
NpsAMUMH
Fig. 3.1. Determining the
plane by two parallel
lines

Puc. 3.2. 3aganns
TUIOIUHHU IBOMA
NpsAMUMH, 11O
NnepeTHHAKTHCH
Fig. 3.2. Determining
the plane by two
intersecting lines

Puc. 3.3. 3apanus
IJIOLMHHA
TPHKYTHHKOM
Fig. 3.3. Determining
the plane by triangle

Puc. 3.4. Haoune
306pamel-u-m TIJIONIHHH
Q, 110 321aHA CJTiIaMHu:
h%if,0°-
TOPU30HTAJbHUM i
(ppoHTATBLHMHIA CJTiN
IUIOIMHH, X, ~ TOUKA
cXoy cJiniB
Fig. 3.4. A visual image
of the plane a,
determined by the traces:
h°, and f,°, horizontal and
frontal traces of a plane,
X, is the point of trace
intersection

Puc. 3.5. Emop
MJIOIHHH O, 110
3aJaHa cJigamm:
hif,?-
TOPU30HTAJIbHUM i
¢ponTanbLHMIi cTix
IUIOLHHH, X, ~
TOYKA CX0y CJIiliB
Fig. 3.4. The epure
of the plane a,
determined by the
traces: h’% and f.°,
horizontal and
frontal traces of the
plane, X, is the point
of trace intersection
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Puc. 3.6. [To3HaueHHs Ha
HA0YHOMY 300paskeHHI MpoeKii
CJIiAIB IVIOIMHM O TA TOYOK M,
N, mo nanexars caizam (M € h°,,
N €f,%)

Fig. 3.6. Notation on the visual
image of projections for traces of
the plane o and points M, N, that
belong to the traces (M € h%, N €

f.0)



(pOHTATHHOIO IJIOIIUHOO
TIPOEKITiH TT,.

Ha puc. 34. 35 f2 —
(GpOHTATBHUN CNIJ IUTOIIUHHA O
(aynpoBa (pOHTANH IUIOMIWHU ),
faoz an ).

3. Touka cxoay CiIifiB — TOYKa,
B Kl TEPETHHAIOTHCS  CIIIH
IUIOINMHY, pO3MillleHa Ha  OcCi
TIPOEKIIH.

Ha puc. 3.4, 3.5 X, — Touka
cxony criaiB, X,= h°, N £,2.

Ha naounomy 300paxenHi (puc.
3.6) i emropi (puc. 3.7) mokazaHO
PO3MIIIEHHS ~ TMPOEKIii  CIigiB
mwromuHu. KpiM Toro, 300paxeHo
mpoekmii Touok M i N, mo
Hajexath ciigaMm mromuan (M €
h%, N €£.9).

Emop mommau, 300paxkeHuit
Ha puc. 3.7 3 MO3HAYCHHSAM BCIX
MPOEKLIN CIifiB, HA MPaKTHUI He
3aCTOCOBYIOTh, a KOPHUCTYIOTHCS
JUISl 3a[aHHs TUION[MHU Ha eIopi
300paKEHHSIM, MOKA3aHUM Ha PUC.
3.5, 1e TmO3HAYeHI TIABKH cami
clgr 1 HeMae IIO3HA4YEHb IX
TIPOEKITii. Ipore, IS
pO3B’si3yBaHHA ~ OaraThbox  3aja4
Tpeba  mam’sTaTH, J€  came

po3MileHi MpOeKIii CiiiB
TJIOIIUHH, po o Oyne
HaraJxyBaTH emiop, 300pakeHnid Ha
puc. 3.7.

Ha naounomy 300paskeHHi (puc.
3.8) i emopi (puc. 3.9) mokazaHo
oOyAOBY CIi/iB TUIONIMHY 3, IO
3amana AABC.

the frontal plane of projections =,.

In Fig. 3.4. 3.5 f,” we can see the
frontal trace of a plane o (the initial
frontal level of the plane a), f.>= o N
.

3. The point of trace intersection
is the point where traces of the plane
traverse, it is located on the axis of
projections.

In Fig.3.4, 3.5 X, the point of
traces intersection is shown, X,=
h%,N £.°.

On the visual image (Fig. 3.6) and
the epure (Fig. 3.7) the location of
projection of the traces of a plane is
shown. Moreover, the projections of
the points M and N are drawn, they
belong to the traces of a plane (M €
h%, N € f,9).

The epure of the plane shown in
Fig. 3.7, all notations for projections
of the traces being given, is not used
in practice. Instead, it is used for
determining a plane on the epure by a
drawing shown in Fig. 3.5 where
only the traces are marked but not
their projections. However, for
multiple problems-solving we should
remember  where exactly the
projections of the traces of a plane
are located. The epure given in Fig.
3.7 will show this location.

On the visual image (Fig. 3.8) and
the epure (Fig. 3.9) the construction
of the traces of a plane B, which is
determined AABC is shown.
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Puc. 3.7. [lo3HayeHHs Ha eniopi
NPoeKUii CJIiAIB NIOLUHYA o TA
Touyoxk M, N, o HaiexaTh ciaigam
(MEehR, N€ef,

Fig. 3.7. Notation of projections for the
traces of the plane a and points M, N,
that belong to the traces (M € h°, N €
f,%) on the epure

Puc.3.8. IlodyaoBa Ha HAOYHOMY
300pakeHHi cJIiiiB IVIOMHY O,
110 3a1aHa TpUKyTHHKOoM ABC
Fig. 3.8. The construction of the
traces of the plane a, that is
determined by triangle ABC on the
visual image

Puc.3.8. Ilo6y10Ba Ha emtopi
CJIiTiB IUIOMIMHM ¢, 1110 32JaHA
TpuKyTHHKOM ABC
Fig. 3.8. The construction of the
traces of the plane a, that is
determined by triangle ABC on
the epure



3.2 I1onMHY 3arajibHOro Ta
YACTKOBOTO TOJIOKECHHS

[Inomwmam, sx 1 mpsAMi JHIi,
KIacu(ikyloTh 3aJeXHO Bim iX
PO3MIIIEHHS BiAHOCHO IUIOIINH
MIPOEKIIH Ha IUIONIMHYU 3arajJbHOTO
Ta YaCTKOBOTO ITOJIOKCHHSI.

3.2.1. IlnommHa 3araapbHOrO

HOJIOXKEHHS — 1€ IUIOIIMHA, KA He
napajiesibHa 1 He IepIeH MKy sIpHa
JI0 KOJTHOT 3 IIJIOIIMH MPOCKIIiM.
Ha emtopi y miommHu 3arajbHOTO
TIOJIOXKEHHS CIIIM He MapajielibHi i
HE TEpIeHAWKYJSIpHI 10  oci
mpoekniii. Ha puc. 3.5 mokasano
emIop caMe IUIOLIMHH 3arajbHOTO
MTOJIOKEHHS, OCKimbku hg,, fo, He
mapajesbHi 1 He MepIeHANKYIIPHI
1o oci X. Lle xapakrepHa rpadigna
O3HaKa  IUIOLIMHH  3arajbHOTO
MOJIOKEHHS, 110 3aJaHa CJIiJaMH.

IInomuna 3arajibHOrO
MOJIOXKCHHST HE TMEPIeHINKY/IpHA
JI0 TUIOIIWH TPOEKIIH, TOMY IpH
3aaHHl T IHIIMMH €JEMEHTaMHu,
HATIpUKJIAJ, TPUKYTHUKOM, I
CIIEMEHTH Ha JKOJHY 3 IUIOIIUH
MPOEKIiii HE TMPOCKIHIOITECS B
OJIHy CIUIBHY TpsMy IiHifo. Ha
puc. 3.1-3.3 3amaHo emopu
IJIOIMH 3arajIbHOrO IOJI0KEHHS.

[Inomuuam 4aCTKOBOT'O
ITOJIOKEHHS MOAUISIFOTECS  Ha
MIPOEKINIOI0Yi Ta TUIOMUHU PiBHS.
[Ipoexkmirorodi TUIOIMHH
MepHEeHANKYISApHI 10  OnHiei 3
IUIOIIMH TPOCKIH, a IUIOIIUHH
PiBHS — TapaelbHi.

3.2.2. ITnomuna,
MIEPIICHANKYISAPHA 10

sKa
TOPH30H-

3.2. Planes of general and partial
position

Planes as well as straight lines are
classified according to their location
in the planes of projections. There are
planes of general and partial position.

3.2.1. Plane of general position is
the plane which is neither parallel nor
perpendicular to any of the planes of
projections.
On the epure the plane of general
position has the traces that are neither
parallel nor perpendicular to the axis
of projection. In Fig. 3.5 we can see
the epure of the plane of general
position, since hy, fo, are neither
parallel nor perpendicular to the axis
x. This is a graphical attribute of the
plane of general position determined
by the traces.

The plane of general position is
not perpendicular to the planes of
projections that is why when
projecting it by means of other
elements, such as triangle, these
elements are not projected on either
part of projections as one common
straight line. In Fig. 3.1 — 3.3the
epures of the planes of general
position are given.

The planes of partial position are
divided into project planes and level
planes. Project planes are
perpendicular to one of the planes of

projection and level planes are
parallel.
3.22. The plane which is

perpendicular to horizontal plane of

53




TaJIbHOT MJIOIUHHA MIPOEKILii,
Ha3UBAETHCS TOPHM30HTAJBEHO-

projection is called horizontal and
project plane.

MIPOCKINFOI0YOI0 IIOMUHOK.

Ha puc. 3.10 mano HaouHe
300pakeHHs TOPH30HTAIBHO-
MIPOEKIIiF0I0Y01 TUIOIUHE o. BoHa
TIEPIICHANKYIISIPHA 10 TUIOIIUHH g
1 TPOCKIIIOETHCS HA IO IJIONIMHY
OpsAMOIO JIHI€W 04, TOOTO 03 —
MIPOEKILis MJIONIMHY 0 Ha TUIOIIHUHY
Ty, o SIKO1 IJIOI[MHA o
nepneHaukyasipHa.  JliHilo o
Ha3MBaIOTh CHIIOM-TIPOEKILEIO
IUIOIIMHH .

Ha puc. 3.11 naBegeHo ermtop
TOPH30HTABHO - TPOCKINFOI0YO01
IUIOIIMHA 0 Y BHIVAAI TUTBKH
omuiel mpsmoi miHII 0. [ Take
300pakeHHsS IUIOMIMHU TIOBHICTIO
BHM3HAYa€ IOJIOXKEHHS IUIOMIMHHA B
MPOCTOPi, OCKIJIBKH Ha CIMIopi
MOXKHA BU3HAYUTH CJIIN TUTOIIUHU
— TOPU3OHTAIBHUN 1 QPPOHTAIBHUI
(puc.3.12, 3.13).

B TOPH30HTAIBHO-TIPOCK-
mirorogiit romuHi o (puc. 3.14)
po3mictumo  TpukytHHK ~ ABC.
OCKiNbKH IJIOIIMHA o
MIePIICHANKYIISIPHA 10 1,
ropu3oHTanbHa mpoeknis AABC
Oyme TMPOEKI[IOBATHCS Ha CIij-
HpOGKHiIO 0ol (A1B1C1 = (11). Ha
puc. 3.15 moOKazaHO  emIop
TOPHU30HTAIBHO-TIPOEKIIIF00Y01
wromuay, ki Hanexuts AABC.
OTxe, SKIIO MPOEKIisl TPUKYTHHUKA
30iraeTbcst 31 CIITOM-TIPOCKINEO
IUIOIIMHU, TO CaM TPUKYTHHK
HAJICXKHUTh LIl TUTONMHI (HA pUC.
3.15 IA;LB:LC:LE (11).

Jlamo o3HaYeHHS CiiTy-

In Fig. 3.10 a visual image of
horizontal and project plane o is
given. It is perpendicular to the plane
my and is projected on the plane as a
straight line ay, i.e. oy is a projection
of the plane o on the plane m, to
which the plane o is perpendicular.
The line a4 is called trace-projection
of the plane a.

In Fig. 3.11 the epure of
horizontal and project plane a is
given in the form of only one straight
line o5. Such drawing of the plane
fully determines the location of the
plane in space since the traces of the
plane (horizontal and frontal) can be
determined in the epure (Fig. 3.12,
3.13).

On the horizontal and project

plane a (Fig. 3.14) we shall locate the
triangle ABC. Since the plane a is
perpendicular to m; the horizontal
projection AABC will be projected
on the trace-projection o; (A{B.C; =
ay). In Fig. 3.15 we can see the epure
of horizontal and project plane to
which AABC belongs.
Thus, if the projection of triangle
coincides the trace-projection of the
plane then the triangle itself belongs
to this plane (in Fig. 3.15 A;B;C; =
(11).

Let’s define trace-projection
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X—

S~

oy 5
Puc. 3.10. Haoune Puc. 3.11. Emop Puc. 3.12. Haoune
300paKkeHHs TOPU30HTAJIbHO- 300paKkeHHs
TOPH30HTAILHO- NpoeKuilJoi TOPH30HTATLHO-

NMPOeKNiI0Y0i NJIOIHHH
o (o — caig-npoexmist
TUIOLIMHH @)

Fig. 3.10. A visual image of
horizontal and project plane
a (ay is the trace-projection
of the plane o)

TUIOLMHY o (01 —
caig-npoexuist
TUIOLIMHH @)

Fig. 3.11. The epure
of horizontal and
project plane o (a4 is
the trace-projection of
the plane o)

0
o= Oy

N

NMPOoeKUil0Y0i NJIOIMHI
a (h'=ay, £,0Lx)

Fig. 3.10. A visual image of

horizontal and project plane

a (h= oy, £,0Lx)

Puc. 3.13. Enop
TOPH30HTAIBLHO-
NpoeKui0yoi
miomunn o (h'= ay,
f,2Lx)

Fig. 3.13. The epure
of horizontal and
project plane o (h,’=
o, quJ.)C)

Puc. 3.14. Haoune
300pakeHHsi TOPH30HTAJIBHO-
MPOEKIiI0I0Y0i NJIOINHH ¢ 3

po3miniennm B Hiiit AABC
(A1B1C1 = (11)
Fig. 3.14. A visual image of
horizontal and project plane o
with AABC being located in it
(A1B1C1 = 0.1)
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Puc. 3.15. Emop
TOPHU30HTAJIBHO-
NPOoeKNiIoI0Yo1
IJIOIIHHH O 3
po3MinienuM B Hiit
AABC (A1B1C1 = (11)
Fig. 3.15. The epure of
horizontal and project
plane o with AABC
being located in it
(A1B1C1 = (7.1)




TIPOEKLI:
CHig-poexiist — 1e  JiHig

Trace-projection is the line where the

NEPETUHY TUIOINMWHU 3 TUIOMHWHOIO
MPOCKIIii, [0 SKOi I IUIOIIMHA

plane _and plane of projection to
which this plane is perpendicular

HePUCHANKYIISPHA.
Bci miommHM  9acTKOBOTO

TOJIOKEHHS MAIOTh CIIiA-TIPOEKIIiIO,
OCKIJIbKM BOHHU TEPIICHIUKYISPHI
xoua O 40 ojHiei 3 IUIOIIMH
TIPOEKIIH.

Crig-npoekiiist Mae Taky 30ipHy

intersect.

All planes of partial position have
the trace-projection since they are
perpendicular at least to one of the
planes of projection.

The trace-projection possesses a

BJIACTUBICTH:  MpOEKIIl  TOYOK,

common _attribute which can be

NPSIMUX JiHIA, WI0CKUX (iryp, 1o

described as: the projections of

3HAXOMATHECS B 3aJaHIf IUIOIIMHI
YaCTKOBOLO [IOJIOYKEHHS,

points, straight lines, plane figures
located in a given plane of partial

NIPOEKIUIOIOTECA caMe Ha  CIIJ-

position, are projected on the trace-

IPOEKIIifo (ouB. puc. 3.15).
Ha puc. 3.16 pano emrop

TOPH30HTABHO - TPOCKINFOI0YO01
mwromuuay, 10 3amaHa AABC,
OCKIJIbKM TOPU30HTAJbHA MPOEKIIis
TPUKYTHHKa — mpsMa uiHig. L
npsiMa JIiHIS € CIIIOM-TIPOEKII€l0
3aJIaHOi TUIOIIMHYU, BOHA JIC)KUTH B
IUIOLIMHI 7;, 1 MO Hi TJIOIMHA
MEPEeTHHAE IUIOMKUHY M;, IO SKOI
MePIICHANKYIISIPHA.

Ha puc. 3.17 ugepe3 Touky A
MIPOBEACHO TOPU30HTAIBHO-
MIPOEKIIOIYY IUIOMHHY ¢, TOOTO
TOuKa A cTaja HajJe)KaTH IUIOLIMHI
o. MoXHa CKa3aTH MO-1HIIOMY:
SIKIIIO TOPU30HTAJbHA MPOEKIs A
30Iira€Thes 3 0, TO L€ 03HAYaE, 110
cama Touka A HaJEKUTh ILIOIIMHI
o.

T'opu30HTaTBHO-TIPOEKITIFO0YA
IUIOIIMHA MA€ TaKi BJIACTUBOCTI:

1. Ilpm 3amaHHI IDIOMIMHU
CIiJTaMH TOPU3OHTAIBHHAN CIij hmo
IUTOIIUHY € CJIiJOM-TIPOCKIII€I0 ITiel

projection. (see Fig. 3.15).
In Fig. 3.16 the epure of

horizontal and project plane, given as
AABC is shown, since the horizontal
projection of triangle is the straight
line. This straight line is the trace-
projection of a determined plane, it
lies in the plane m;, to which it is
perpendicular.

In Fig. 3.17 through the point A
the horizontal and project plane a is
drawn, i.e. the point A now belongs
to the plane a. In other words, if the
horizontal projection A; coincides oy
then it means that the point A
belongs to the plane a.

Horizontal and project plane has
the following attributes:

1. When determining the plane by
traces the horizontal trace h,’ of the
plane is the trace-projection of this
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IUTOINUHY, a (PPOHTANBLHUHA CITiJ fm0
TIEPIICHANKYIISIPHAN 10 OCi X.

2. Ilpm 3amaHHI IDIOIIMHU
IHIIUMU ~ eNleMeHTaMu  (TPHKYT-
HUKOM, JIBOMa TapajelbHUMHU abo
MPSIMAMH, IO TEPETHHAIOTHCS) i
CIIEMEHTH  HAa  IUIONIMHY T
MPOCKIIOIOTECS B OAHY NPAMY
JHII0, SKa € CIIiJIOM-TPOCKIIE0
TUTOIIHHHU.

3. TopuzoHTampHi  HpOEKLil
TOYOK, NPAMHUX JiHIH, IUIOCKHUX
¢iryp, o HaJIeXKATh
TOPHU30HTAIHHO-TIPOCKIIFOF0Ui i
IUIOIIMHI, MPOCKIIIOIThCI  Ha
TOPU30HTANBHUMA CITiJ IDIONIWHH,
oo €  CIAOM-TIPOeKIi€lo, 1
HAaBMAKW, SKIIO TOPHU3OHTAJIBHI
MPOEKIll TOYOK, MPSIMHUX JIiHIH,
IUIOCKUX ~ Qiryp 30irarotecs 3i
CJT1TOM-TIPOCKITI €10 TOPH30H-
TaJbHO-MIPOCKINIOIY0i  JIONUHH,
TO 1Ie O3HAYae, M0 AaHi Girypu ado
JIeKaTh B I[iM  IUIOmIMHI, a0o
TOPHU30HTAIHHO-TIPOCKIIF0r0Ya
IUIOIIMHA TIPOXOIWUTH dYepe3 IaHi
¢irypu.

3.2.3. IInommuna, sIKa
MIePIICHANKYIISIPHA bi(s)
(pOHTATIBHOT IJIOMIMHU IPOCKILii,
Ha3UBAETHCS dbpoHTaTEHO -
IPOEKIFOIOYOI0 TIONHHOIO.

Ha pumc. 3.18 - 3.21 nano
HAaO4YHE 300paKEHHA Ta EIIop
(GpOHTATBHO -  NPOEKIiIo0Y0l
IUTOINMHMY 3, 3aIaHOI CiiiaMu, a Ha
puc. 322, 323 emop -
(GpoHTATBHO -  MPOEKLIIOKYOL
IUTOIIMHY [, 331aHOi TPUKYTHUKOM
DEF.

plane, and the frontal trace £0 is
perpendicular to the axis x.

2. When determining the plane by
other elements (triangle, two parallel
or straight lines that intersect) these
elements are projected on the plane
my in the form of one straight line
which is the trace-projection of the
plane.

3. Horizontal projections of the
points, straight lines, plane figures
that belong to horizontal and project
plane are projected on the horizontal
trace of the plane which is the trace-
projection and vice versa. |If
horizontal projections of the points,
straight lines and plane figures
coincide with trace-projection of the
horizontal and project plane then
these figures either lie in this plane or
the horizontal and project plane
traverses them.

3.23. The plane that s
perpendicular to the frontal plane of
projection is called frontal and

project plane.

In Fig. 3.18 - 3.21 a visual image and
the epure of the frontal and project
plane B is shown, it is determined by
the traces. In Fig. 3.22, 3.23 the
epure of the frontal and project plane
B is shown, it is determined by the
triangle DEF.

57




Puc. 3.16. Emop
TOPU30HTAJIBHO-
NPOoeKLil0Y ol
TUIOLIMHY, 3aaHO1
AABC
Fig. 3.16. The epure
of horizontal and
project plane
determined by
AABC

Puc. 3.17. IlpoBenenus yepe3
TOYKY A rOPU30HTAJIBHO-
NMPOoeKNil0Yoi NJIOIHHHU o (a —
noYaTKkoBa yMoBa, 6 — uepes
TOYKY A NpOBeJeHA IUIOIIHHA ()
Fig. 3.17. Drawing the horizontal
and project plane o through the
point A (a shows the initial
condition, 6 shows the plane o
drawn through the point A)

Puc. 3.18. Haoune
300pakeHHs
¢ponTanbHo-
NPOEKUiIIY 0l
mommay B (B2 — cain-
MpoeKUist IJIoIHA )
Fig. 3.18. A visual
image of frontal and
project plane B (B, is
the trace-projection of
the plane B)

Puc. 3.19. Emrop
¢ponTaabLHO-
NPoeKuir0yoi
mommHu f (B2 —
cJIia-npoexuis
IUIOIMHM [B)
Fig. 3.19. The epure
of the frontal and
project plane B (B,
is the trace-
projection of the
plane B)

Puc. 3.20. Haoune
300pakeHHsI PPOHTAILHO-
NPOoeKNil0Y0i NJIOIUHHU B

(fy"= B2, hy"Lx)
Fig. 3.18. A visual image of
the frontal and project plane 8

(fBOE Bz, hBUJ_x)
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Puc. 3.21. Enop
¢ponTaAIBLHO-
NPOeKUiII0Y ol
wrommunu B (f°= B,
h’Lx)

Fig. 3.18. The epure of
the frontal and project

plane B (f’= Bz, h'Lx)




E, f;.Bz
R
D,
X—
0
hﬂ Bo
D: E, fﬂ

el

D,

E,
D,

Puc. 3.22. Enop ¢pponTansHo-
NPOeKNi00Y0i NJIOHHH f 3
po3mimenum B Hili ADEF ((DE;F, =

B2)
Fig. 3.22. The epure of the frontal and
project plane g with ADEF being located
init ((D2E2F2 = Bz)

Puc. 3.23. Emop ¢pponTansHo-
NpoeKuil0yoi nJomuHM B, 3aganoi
ADEF
Fig. 3.23. The epure of the frontal and
project plane B determined by ADEF

OpoHTANBHO - MPOCKIII0I0Ya
IUTOIMHA MA€ TaKi BJaCTUBOCTI:

1. Tlpu 3amaHHi IUIOIIMHU
citiiamMu (dbpoHTaTBHUI (bt
TUTOLIMHY € CITIJIOM-TIPOEKIIEI0 i€l
IUIOIIMHH, @ TOPU3OHTAIBHUH CIIij
HepHeHANKYIISIPHUIN JI0 OCi X.

2. Tpm 3amaHHI ™WIOHIMHA

IHIIIMHA eJIEMEHTaMH
(TPUKYTHUKOM, IBOMa THapajeib-
HUMH ~ a00  TpsMHMH, IO

MIEPEeTHHAIOTHCS) Il €JIeMEeHTH Ha
IUIOLMHY T, IPOEKLIITHCI B
OJIHY TIPSAMY JIIHIIO, SIKa € CIiI0M-
MIPOEKILEO IIIOMHUHH.

3. ®poHTampHI MPOEKIHI BCix
TOYOK, NPSAMHUX JiHIH, IUTOCKHX
¢iryp, mo Hanexath (GPOHTAIBHO-
MIPOEKIFOIOTIi TUTOIIMHI,
MIPOEKIIIOIOTHCS. Ha (DPOHTANBHHNA
CIiJ IUIOMMHM, IO € CIiJ0M-
MPOEKI€0, 1 HABIAKH, SKIIO

The frontal and project plane has
the the following attributes:

1. When determining a plane by
the traces, the frontal trace f;’ of the
plane is the trace-projection of this
plane and the horizontal trace hy’ is
perpendicular to the axis x.

2. When determining a plane by
other elements (triangle, two parallel
or straight lines that intersect) these
elements are projected on the plane
m, in the form of one straight line
which is the trace-projection of the
plane.

3. Frontal projections of all points,
straight lines, plane figures that
belong to frontal and project plane
are projected on the frontal trace of
the plane which is the trace-
projection and vice versa. If frontal
projections of the points, straight
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¢poHTaNmbHI  MPOEKIii  TOYOK,
MpsIMAX  JiHIA, TWIocKuX (iryp
30irafoThCsl 31 CIITOM-TIPOCKITIE0
(GpoHTATBPHO -  MPOEKLiIO0Y0L
IUIOIIMHY, TO L€ O3HaYae, 10 JaHi
¢irypu abo nexaTh B il TUTONIHHI,
a00 QpOHTAIBHO - MPOEKIIiF0I0Ya
IUTOLMHA TPOXOAMTH Yepe3 JaHi

oirypu.

3.24. TLnomuHa, sIKa
napajenbHa 10 TOPU30HTAIbHOI
IUTOIIMHU TPOCKIiH, Ha3MBAETHCS

TOPU3OHTAJIBLHOK TUIONIMHOO abo

COPHU30HTAIILHOIO ILIOIIMHOK
piBHA.

Ha puc. 3.24 paHo HaouHe
300pakeHHs TOPH30HTAIBHOT

IJIOLIMHM 0, a Ha puc. 3.25, 3.26 —
€II0pP TOPU30HTAIbHOI ILIOLUHY O,
300pakeHu i CBOIM CJTiIOM-
MIPOEKILIE0 0 , KU MapaaeIbHUi
JIO OCI X.

Ha puc. 3.27 B ropu3oHTaNIBHIl
mwromuH o po3mimeHo AABC,
SIKUAH Ha TUTOIIUHY )
MIPOEKIUIOETECSA HA CIiI-TIPOCKIIIFO
oz (A2B2C,= ayp), a HA TUIOLIMHY T
— B HarypanbHy Benuuuny (ABC =
H.B. AABC).

Ha pwuc. 3.28 pmano emrop
TOPU30HTAIBHOI  IUIOLIHHHM, IO
3amana AABC, ockineku A'B'C' //
X.

T'opu30oHTaIbHA IUIONIMHA Mae
Takl BJACTHBOCTI:

1. Ilpm 3amaHHI IDIOMIMHU
ClIIaMu (dbpoHTaTBHUI CIiz
IUTOIIUHHY € CJIIJOM-TIPOCKIII€I0 ITieT
IUIOILUHI i po3MireHuH
mapajenabHoO JI0 OcCi X.

lines, plane figures coincide with the
trace-projection of frontal and project
plane then the given figures either lie
in this plane or the frontal and project
plane traverses them.

3.2.4. The plane that is parallel to
the horizontal plane of projection is
called horizontal plane or horizontal

level plane.

In Fig. 3.24 a visual image of
horizontal plane o is given, and in
Fig. 3.25, 3.26 the epure of the
horizontal plane « is shown
determined by its trace-projection a,
which is parallel to the axis x.

In Fig. 3.27 AABC is located in
the horizontal plane a, it is projected
on the plane m on the trace-
projection o, (A,B,C, = 0,), and on
the plane =, it is projected in its true
size (A;B;C; = H.B. AABC).

In Fig. 3.28 the epure of the
horizontal plane that is determined by
AABC is given, since A,B,C, // x.

Horizontal plane has the following
attributes:

1. When determining the plane by
the traces, the frontal trace of the
plane is the trace-projection of this
plane and it is parallel to the axis x.
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Puc. 3.24. Haoune 300pazkennst
TOPU30HTAJIbHO IVIOLIMHY ¢ (02 —
cati-npoexuist, oy // x, fuo -
(ponTaNbHUIL 1IN, TOPU3OHTANIBLHUM
cain BigcyTHii)

Fig. 3.24. A visual image of the
horizontal plane a (a2 is the trace-
projection, oz // x, f,” is the frontal
trace, the horizontal trace is missing)

% f?:’ a,
X X
Puc. 3.25. Emop Puc. 3.26. Eniop
TOPU30HTAJbHOI TOPU30HTAJIBHOI

TUIOLHHHY @ (02 -
cJIia-npoexuis, o,
11 x)

Fig. 3.25. The
epure of the
horizontal plane o
(02 is the trace-
projection, o, // x)

TUIOLUHE ¢ (02 -
CJIiI-npoeKuis, o
I x, 10 = ay)
Fig. 3.26. The
epure of the
horizontal plane o
(o is the trace-
projection, a,// x,
fuo = aZ)

A b
H.B.AABC B; T

A,

)Cl

H.B.AABC
1

Puc. 3.27. HaouHe 300paskeHHs
TOPH30HTAILHOI IVIOUIMHY O 3
po3mimennm B Hiit AABC (A;B,C; = ay)
Fig. 3.27. A visual image of the horizontal
plane o with AABC being located in it
(AszCz = (Xz)
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Puc. 3.28. Enop
ropmom‘anbno'l' IVIOLIMHH O 3
po3mimenuMm B Hiii AABC
(AszCz Vi X)

Fig. 3.28. The epure of the
horizontal plane a with AABC
being located in it (A,B,C, // x)




TopusoHTaNBHUI CITi BiICYTHIH.
2. Ilpm 3amaHHI IDIOMIWHU
IHIIUMHK €JIEMEHTaMHM, HATPHUKIAL
TPUKYTHHUKOM, I[i E€JIEMEHTH Ha
IUIOLMHY T, MPOCKUIITHCI B
OJIHY CIIJIbHY HpPSAMY JiHIIO, SKa €
CITITOM-TIPOCKITI€I0 1 TapajensHa
JI0 OCi X, a Ha TUIONIUHY Ty, A0 SKOT
IUIOINMHA TapajeibHa, - B CBOIO
HATYpaJbHY BEIUUHHY.

3. ®poHTaNBHI NPOEKLii TOYOK,
MPSIMUX JIHIHA, TUIOCKUX (iryp, 1o
HaJeXaTh TOPU3OHTANbHIN
IUIOIIMHI, MPOCKIIIOIThCI  Ha
(pOHTATBHUN CIIiJ] TUIOIMHY, IO €
CITiTOM-TIPOCKIII€10.

3.2.5. IInomuna, sIKa
mapajgenbHa 10 (PPOHTANBHOL
IUTOIIMHHU TPOCKIiH, Ha3HBAETHCS
(QPOHTANLHOK  IUIONIMHOK  abo

There is no horizontal trace.

2. When determining the plane by
other elements, such as triangle, these
elements are projected on the plane
m, in the form of one common
straight line which is the trace-
projection and is parallel to the axis
x, and on the plane =;, to which the
plane is parallel they are projected in
their true size.

3. Frontal projections of the
points, straight lines, plane figures
that belong to horizontal plane are
projected on the frontal trace of the
plane which is the trace-projection.

3.2.5. The plane that is parallel to
the frontal plane of projection is
called frontal plane or frontal level
plane.

(pOHTAILHOIO [UIONIMHOK PiBHS.

Ha puc. 3.29 nano HaouHe
300pakeHHs (poHTaNBHOT
mwromuHn P, a Ha puc. 3.30, 3.31
emop (POHTANBHOI TUIOIIUHKU [,
300pakeHuit CBOIM CITIIOM-
MIPOEKITiEr0 [, STKUH MmapanerbHui
II0 oci X.

Ha puc. 3.32 y ¢poHnTanbHiit
wiomuui B posmimeno ADEF,
SIKAU Ha IUIOLAHY m
MIPOCKINIOETHCSI HA CITiA-TPOEKITII0
By (D4E;F; = B1), a Ha mIOIUHY T,
— B HaTypalbHy BennduHy (A
D2E2F2 =H.B. ADEF)

Ha puc. 333 pano emop
(poHTANBHOT IUIONIMHY, IO 3aJaHa
A DEF, ockinsku D,E F, // x.

In Fig. 3.29 a visual image of the
frontal plane B is given, and in Fig.
3.30, 3.31 the epure of frontal plane
is given, determined by its trace-
projection [, which is parallel to the
axis x.

In Fig. 3.32 ADEF is located in
the frontal plane B, it is projected on
the plane m;, on the trace-projection
B; (D.E;F; = B1), and on the plane m,
it is projected in its true size (D,E,F>»
= H.B. ADEF).

In Fig. 3.33 the epure of the
frontal plane is given, it is
determined by ADEF since D;E;F; //

X.
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h?;:ﬂl

Puc. 3.29. Haoune 300pakeHHst

B,

x

hieB,

Puc. 3.30. Emop
¢ponTanbHOI
niomuau B (B -
cain-npoexuis, i

Puc. 3.31. Emop
¢ponTanbLHOT
ntomuHu B (Py -
cig-npoexuis, B1

) 11x, g = B
¢dponTanbHoi nomunn p (B - Fig. 3.30. The Fig. 3.31. The
b mpocsats Bu/lx, hy - epure of the epure of the
:f:) p?son‘rl:l.n;,ﬂilﬁ c:niuﬁ frontal plane B (B, frontal plane § (B
onTl:Lm,Hniflc in Binc ,Hiﬁ) is the trace- is the trace-
‘Il:)_P M CIIVL BIACYT projection B, // x) rojection, Pu// x
ig. 3.29. A visual image of the proj on, pulix,
frontal plane B (B is the trace- hﬁ =)
projection, B/ x, hﬁo is the
horizontal trace, the frontal trace is
missing)
Ez H.B. ADEF
E, H.B. ADEF p .
0 — 2
L5 DZ
X
X D, E, R

Puc. 3.32. Haoune 300pa:keHHs GPOHTAIBLHOT
iomuHy B 3 posmimennm B Hili ADEF
(D:E1F1=By)

Fig. 3.32. A visual image of the frontal plane 8

with ADEF being located in it (D:E;F; = B1)
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Puc. 3.33. Entop ¢ponTaibHoi
miomunHu P, 3ananoi ADEF
(D1E1F1 1l X)

Fig. 3.33. The epure of the
frontal plane 3 determined by

ADEF (D:E1F1// x)




®poHTaNbHA TUIOIIMHA MA€E TaKi
BJIACTHUBOCTI:

1. Tlpm 3amaHHI IUIOMIHWHU
CTiJaMH  TOPU3OHTAIBHUHN  CIIig
IUTOIIHHY € CJiJOM-TIPOCKIII€I0 TTiel
TUTOIIUHT i po3MimeHuH
mapajieabHO bi (o) oci X.
OpoHTANBHU CITiJT BIACYTHIMH.

2. Ilpm 3amaHHi IUIOMIUHHU
IHIIMMU €JICMEHTAMHM, HAIIPHUKIIA]
TPUKYTHHKOM, IIi €JIEMCHTH Ha
IUIOIIMHY 7; IPOCKIIOKTHECS B
OJIHY CHUIbHY NpsIMY JIiHIIO, SIKa €
CITiTOM-TIPOCKITI €O 1 sKa
napainenbHa oci X, a Ha IUIOUHHY
T, 10 SIKOT (PpOHTANBHA TUIOLIMHA
napaseiibHa, BOHa MPOEKI[HIOETHCS
B CBOIO HATYPAJIbHY BEIHUYHHY.

3. TopusoHTanbHi npoeKuil
TOYOK, NPSAMHUX JHIH, IUIOCKHUX
¢iryp, mo Hajexarb (pPOHTAIBHIN
IUIOIIMHI,  MPOCKI[IOIOThCS  Ha
TOPU30HTAIBHHUIA CITiJ IJIONIHMHH,
10 € CJTiTOM-TIPOEKIII€1O.

3.3. Touka i mpsiMa B TUIONIHHI

Touka HaNeXWTh IIIOLIUHI,
SIKIIIO BOHA JISKUTH HA TPAMIiH TiHIl
i€l MIOMIHNHH.

ITpsima JIHis HaJIC)KUTh
IJIOIIMHI, SIKIIIO BOHA:

1) mpoxomuTh 4epe3 IBi TOUKU
i€l miomuan abo

2) TpOXOAWTH dYepe3 OJHY
TOYKY 1 HapajiesbHa J0 MpsiMoi i€l
TUTOIIMHHY.

Ha puc. 3.34 mano mnouyny o
(ABNBC). Ilobynyemo B Hil
IpsiMi, BHKOPUCTOBYIOUM 3a3Ha-

Frontal plane has the following
attributes:

1. When determining the plane by
the traces, the horizontal trace of the
plane is the trace-projection of this
plane and is parallel to the axis x.
There is no frontal trace.

2. When determining the plane by
other elements, such as triangle, these
elements are projected on the plane
w; in the form of one common
straight line, which is the trace-
projection and is parallel to the axis
x, and on the plane =, to which the
frontal plane is parallel it is projected
in its true size.

3. Horizontal projections of the
points, straight lines, plane figures
that belong to the frontal plane are
projected on the horizontal trace of
the plane, which is the trace-
projection.

3.3. The point and the straight line in
the plane

The point belongs to the plane if it
lies on the straight line of this plane.

The straight line belongs to the
plane if it:

1) cuts through two points of this
plane or

2) cuts through one point and is
parallel to the straight line of this
plane.

In Fig. 3.34 a plane o is given
(ABNBC). Let’s construct lines in it,
using the following two methods.
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YeHi J1Ba CIIOCOOH.

1 cmoci6. BizeMeMo ABi ToUkH 1
i 2 (puc. 3.35) ma npsmux AB i BC
miomuHn  o. Ilpsma 12, mo
MPOXOANUTH dYepe3 IIi TOYKH, €
MPSMOIO, IO HAJICKHUTH IUIONIMHI
a. B cBoro wepry, touka 3, mo
JNeKUTh Ha mpsmiit 12, Oyne
HaJle)KaTH IUIOIIMHI 0, OCKIIBKH
npsiMa 12 HaneXuTh IUIOLIHHI .

2 cmoci6. Yepes touky C (puc.
3.36) IUIOMHM O TPOBOIUMO
npssmy | mapanenbHO 10 mpsiMoi
AB. TlpsiMa | Hane)HUTh TUIOMIKHI O
1 Touka 4, , sKa JISKUTh Ha HIH,
TaKoX Oy/ie Halle)KaTH IUIOMIHHI 0.

3anmauva. [ToOymyBaTu BiICYTHIO
Ha enopi TOPU30HTAIBHY
mpoekiito D; Toukm D, 1o
nanexxuts  mwionwHi - o(AABC),
puc. 3.37.

Ockinbku uepe3 Touky D He
OpOXOIUTh  Oymp-sika  mpsMa
IUIOIIMHA O, TO JUIA PO3B’S3aHHS
3amadi MOTpPiOHO UYepe3 If0 TOUKY
NpOBECTH  MpsMy, mo  Oyne
HaJIEeXaTH IUTOIIMHI, 3aIa”ii
TPUKYTHUKOM.

Ha puc. 3.38,a,6 mokazaHo
pO3B’si3yBaHHs 3amadi 1 cmoco-
OoM.

SIxmio MJIOIIMHA 3a71aHa
CITiJIlaMH, TO TMPHHIUIOBOI Pi3HUII
B MPOBEJCHHI MPSMOI, 10 JIEKHUThH
B il momuHi, ab0 y BU3HAYEHHI
TOYKH, $Ka HAaJEXHUTh IUIOLINHI,
HEMae, OCKIJIbKH 3aJaHHs
IUTOIIMHY CJIiJaMH 1Ie He IO iHIIe,
SK 3afaHHsg  IUIOIIMHM  JIBOMA

1% method. Let’s take two points 1
2 (Fig. 3.35) on the lines AB and BC
of the plane a. The line 12, that cuts
throught these points, is the line that
belongs to the plane o. The point 3
which, in its turn, lies on the straight
line 12, will belong to the plane a,
since the line 12 belongs to the plane
a.

2" method. Draw a line | parallel
to the line AB through the point C
(Fig. 3.36) The line | belongs to the
plane o and the point 4, which lies on
it, also belongs to the plane a.

Problem. Build the missing on
the epure horizontal projection D, of
the point D, which belongs to the
plane a(AABC), Fig. 3.37.

Since no line of the plane a
crosses the point D, then, to solve the
task, we need to draw a line through
this point. The line will belong to the
plane determined by triangle.

In Fig. 3.38,a,6 the solution of the
problem by the 1% method is given.

If the plane is determined by the
traces, then there is no significant
difference in drawing the line that
lies in this plane or in defining the
point that belongs to the plane, since
determining the plane by the traces is
nothing else but determining the
plane by two intersecting lines. Their
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Puc. 3.34. Emop
mwiomuan o (ABNBC)
~ [mo4YaTKkoBa ymMmoBa
3aaa4i
Fig. 3.34. The epure of
the plane o (ABNBC) is
the initial condition of

A2 cZ
12 32 2,

B

. B

=

"1
Al 1 31 21 cl

Puc. 3.35. Emop
mwrouruan o (ABNBC),
AKil HaJeKUTH NpsMa

12 i Touka 3
Fig. 3.35. The epure of
the plane o. (ABNBC) to
which the line 12 and the
point 3 belong

Puc. 3.36. Enop
miaouuan o (ABNBC),
sIKiii HaJIeKUTH npsiva |
i Touka 4
Fig. 3.36. The epure of the
plane a (ABNBC) to
which the line | and the
point 4 belong

the problem
B
2 92 BZ
1,
C, G,
A, A,
X X
A G A G
B, B, a

Puc. 3.37. Emop
mwrournan o(AABC) -
Mnmo4YaTKkoBa ymMmoBa
3aaaui
Fig. 3.37. The epure of
the plane o (AABC) is

the initial condition of the

problem

Puc. 3.38. Po3p’si3yBaHHs 3a/1a4i 3 NI0YaTKOBOIO
ymoBoIo Ha puc. 3.37: a - 1 xin, 6 -2 xist
Fig. 3.38. Solution of the problem with the initial
condition in Fig. 3.37: a -step 1, 6 - step 2
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NpSMUMH, IO TEPEeTHHAIOTHCS,
TOYKA MEPEeTHHY SKUX JISKUTH Ha
0Ci MTPOEKITii.

Takum umHOM, y pa3i 3amaHHA
IUIOIINHA clliiamy, npsma
HaJIeXKUTh IUIOLIHHI, SKIIO:

1) caigm npsimoi (ToOTO i1 MBI
TOYKH) HAaJCKATh OJHONMECHHUM
CliJiaM IUIOIIMHYU 200

2) mpsMa mapaneibHa OJHOMY
i3 CI/IIB IUIOMIMHK 1 Ma€ CHUIBHY
TOYKY 3 iHIIIAM CITiJIOM.

Ha puc. 3.39 npano Haoune
300pakeHHs, a Ha puc. 3.40 —
emop IUIOMWHU ¢, IO 3aJaHa
cmimamu, ne npsma MN 3a 1
CITIOCOOOM HAICKUTH TIIOMIUHI 0,
ockinpku Bl ii Toukn M 1 N
NeKath BianosiaHo Ha caigax h,l i
f.° mnowmuy o.

Ipsma h,' 3a 2 cmocoGom
HAaJE€XUTh IUIOMIMHI O, OCKIIBKH
Mae cmimeHy Touky N' 3
dpontameruM  cmimom T i
mapajenpbHa 0  IHIOIOTO — —

TOPU30HTAIBHOTO ciiy h,°
IUIOL{MHA a. [Mpsima hm1
napaienbHa JI0 TOPH30HTAIBHOI
IUIOLMHU  MPOEKIiH 7y i€
TOPU30HTAIBHOIO MPSIMOIO
IIJIOLIUHH Ol.

3amaga. [ToOynyBatu BiCYTHIO
(dponTanpHy mnpoekiito K, Touku
K, mo wHanexuTh IUIOHIMHI O,
3a7aHol CaigaMu, SKIIO Bigoma
TOpHU30HTaNbHA TpoeKiis K; Touku
K (puc. 3.41).

Pos3p’sizyBanHst 1 _cmocoGom
MOKa3aHo Ha puc. 3.42.

point of intersection lies on the axis
of projection.

Therefore, when determining the
plane by the traces, the straight line
belongs to the plane if:

1) the traces of the line (i.e. its
two points) belong to analogous
traces of the plane or

2) the line is parallel to one of the
traces of the plane and has a common
point with another trace.

In Fig. 3.39 a visual image is
given and in Fig. 3.40 the epure of
the plane o is given. It is determined
by the traces, where the line MN by
the 1% method belongs to the plane
a, since its two points M and N lie on
the traces h,” and f.,° of the plane a.

The line h,' by the 2" method
belongs to the plane a, since it has a
common point N* with the frontal
trace f.0 and it is parallel to the
horizontal trace h,’ of the plane a.
The line h,t is parallel to the
horizontal plane of projection =n; and
is a horizontal line of the plane a.

Problem. Build the missing frontal
projection K, of the point K, that
belongs to the plane «, determined
by the traces if the horizontal
projection K; of the point K is given
(Fig. 3.41).

Solution by the 1% method is
given in Fig. 3.42.
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Puc. 3.39. Haoune 300pa:keHHsI
IUIOLMHH ct(h.,0 N f,0), axiii nanesxnTH
npsma | i npsiva h,*

Fig. 3.39. A visual image of the plane a(h,’
N £ to which the line | and the line h,*
belong

Puc. 3.40. Emop maomunn a(h,’ N
f,0), sikiii mamexuTs npsiva | i

npsma h,'

Fig. 3.40. The epure of the plane
a(h,’ N 1.2 to which the line | and

the line h,* belong

Puc. 3.42. Po3B’s3y-

Puc. 3.41. IlouaTtkoBa BaHms 3a24i 3
yMoBa 3ajaui
Fig. 3.41. The initial TIOUATHOBOIG YMOBOIO Ha
diti £ th puc. 3.41 1 cnocodom
cond 'g'l‘ orthe Fig. 3.42. Solution of the
problem problem with the initial

condition in Fig. 3.41 by
the 1* method
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Puc. 3.43. Po3p’si3y-
BaHHS 3a/1a4i 3
MOYaTKOBOIO YMOBOIO Ha
puc. 3.41 2 cnocobom
Fig. 3.43. Solution of the
problem with the initial
condition in Fig. 3.41 by
the 2" method




Po3p’sizyBanHst 2 crmocobom
MoKa3aHo Ha puc. 3.43.

Slkmo mpoekmioroya IUIONTHHA
abo IommuHa piBHA 3aJaHa CBOIM
CJTiTOM-TIPOEKIII€ 0, TO UM
IUIoIKHAM OyZAe HaleXaTH Oy.b-
sSKa TOYKAa 1 TpsAMa  JIiHiA,
BiAmoBimHI MPOCKIIiT SIKUX
30IraroThCs 31 CIITOM-TIPOCKITIEO
MPOEKI[iF0I40i 200  IUIOIIUHU

piBHSL.

Ha puc. 3.44 Touka A HaleXuTh
(GpOHTATBHO -  MPOEKIIOKYiil
IUTOIIMHI B, OCKUJIBKH it
¢dpoHTaNEHA MIPOEKITist A,

30iraeThcs 31 CIIOM-TIPOCKINEO 3,
wrontuuu B. Ha puc. 3.45 npsma b
HaJICXKUTh TOPU30HTAIILHO-
MPOEKIUIOIYii IUIOMIMHL O, TOMY
o il TOpU30HTaIbHA MPOEKIs Dy
30iraeThCs 31 CJIJOM-TIPOCKINEO 0
wiomuHu o. Ha puc. 3.46 mpsama
hy, HameXHTh TOPH3OHTAIBHI
IUIOIIMHI PIBHA (©, OCKIJIBKH il
¢dpoHTaNEHA MIPOEKITis hoe
30iraeTbcss 31  CIITOM-TIPOCKITIEO
®, mwionwmHH . [psma h, €
TOPU30HTAJIBHOK — MPSMOIO, IO
HaJICXKUTD TUIOLIHHI O.

3.4. T'onoBHI JIiHil IUIONIUHA

TosoBHI JiHIT IUIOMIMHA — 1€
JiHIT piBHA Ta JiHIS HaWOUIBIIOTO
CXHUITY TUTOLMHHU.

Jlinii piBHA IUIOIIMHHU — TIPSIMI,
o JiekaTb B IUIOMMHI 1
mapajgenbHi OJHIH 3  IUIONIUH
npoekuii. Ile ropusoHTanmi Ta
(poHTAaNl IUIOIMHY.

Solution by the 2" method if given
in Fig. 3.43.

If the project plane or the level
plane is determined by its trace-
projection, then any point or straight
line whose projections coincide with
the trace-projection of the project or
the level plane will belong to these
planes.

In Fig. 3.44 the point A belongs to
the frontal and project plane B, since
its frontal projection A, coincides
with the trace-projection B, of the
plane B. In Fig. 3.45 the line b
belongs to the horizontal and project
plane o, because its horizontal
projection b; coincides with the
trace-projection oy of the plane a. In
Fig. 3.46 the line h, belongs to the
horizontal level plane mpunamnexut
o, since its frontal projection hy,
coincides with the trace-projection
w2 of the plane w. The line h, is a
horizontal line that belongs to the
plane .

3.4. The main lines of the plane

The main lines of the plane are the
level lines and the highest slope line
of the plane.

The level lines of the plane are the
lines that lie in the plane and are
parallel to one of the planes of
projection. These are horizontals and
frontals of the plane.
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- h 200 (1)2

x—
X
w
A
Puc. 3.44. Emop Puc. 3.45. Enrop Puc. 3.46. Emop
(pponTAIBLHO- TOPH30HTAILHO- TOPU30HTAIBLHOL
MPOEKUiIY0i MJIOIHHI NMPOEKUiII0Y 0l IUIOIMHY ), SIKii
B, skili HaJeKUTH IUVIOIIUHH 0, SIKii HAJIe)KUTH mpsima hy,
TouKa A HAJIEeKHTh NpsiMa B Fig. 3.44. The epure of

Fig. 3.44. The epure of the
frontal and project plane

Fig. 3.44. The epure of
the horizontal and

the horizontal plane ®
to which the line hy,

to which the point A project plane o to which belongs
belongs the line B belongs
0
2 .2 fu 2
N = N/ hza
R
B 1
N=N 1 By
X x(l N1 N1
2
hw
1
~N_h
1
hy

Puc. 3.47. Haoune 300pakeHHst
miommnn o(h,’ N fuo), B AKiil
NpoBeIeHo ropu3oHTAIbHI mpsmi h,'i
he? (he' 1/ h2 11 hY)

Fig. 3.39. A visual image of the plane
ath’ N 1.2, horizontal lines h,'and h,?

being drawn in it (h,* // h,2 1 h°)
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Puc. 3.48. Entop miomuHu a(hl N fao),
B fIKiii IPOBeeHO rOPU30HTAIbHI

npsmi heti hg?

Fig. 3.39. The epure of the plane a(h,’ N
£.0), horizontal lines h,'and h,? being

drawn in it




3.4.1. T'opu3oHTAali IIONIMHU —
IpsiMi, SKI Halle)KaTh IUTONIMHI 1
mapajenbHi OO0 TOPHU3OHTAIBHOL
TUTOIIMHY MIPOEKIii ;.

Ha puc. 3.47 pano HaouHe
300pakeHHs, a Ha puc. 3.48 —
eMIOp IUIOMIMHU ¢, IO 33JaHa
cmigaMu 1 B SAKid TPOBEICHI
TOPHU30HTAII h i h,. Bouu
HaJie)KaTh  IUIOM[MHI,  OCKIIBLKH
MAalOTh CIHIJIbHI TOYKH Nl, N2 3
dporTtansaum ciinom .. momman
1 mapaliesipHi 10 TOPU30HTATIBHOTO
ciny ha0 (muB. puc. 3.39, 3.40).
Hpsivi h,' i h,? Takox mapanensi
J0 IUIOHIMHU 7;, TOMY IO
napaneibHi 10 TOPU3OHTAIBHOTO
ciigy hao, SIKUH JIEKUTDH B TUIOIINHI
.

TakuM YHUHOM, TOPH3OHTAII
IUIOLMHY MAIOTh TaKi BIIACTUBOCTI:

1. Bci ropusoHTali IIIOMIMHU
mapajenpHi MK CcO0OK 1 [0
TOPU30HTATBHOTO CIiTy TUIOIINHH
hOa (hla// thx I hOa)'

2. MarwThs CcHoilbHI TOYKH 3
dportanernM crizom f,0 (Toukm
Nl, Nz) 1 TmapanmeneHi 10

TOPU30HTAJIBHOTO ciiny hy
TUTOTIHHA.

Ha puc. 3.50 3a momomororo
TOPU30HTAIBHOT npsMot he

mo0yI0BaHO BIJCYTHIO TOPH30H-
TanbHy mpoeknito Ttoukn K (mums.
puc. 3.49), npuuoMy croyarky
IIPOBEJICHO (PPOHTANBHY MPOEKIiI0
h,, ropusonTaini h, napanenbHo a0
oci x, a MOTIM 1 ropu3oHTaNBHY hy,
mapaieabHoO JI0 hao.

3.4.1. Horizontals of the plane are
the lines that belong to the plane and
are parallel to the horizontal plane of
projections ;.

In Fig. 3.47 a visual image is
given and in Fig. 3.48 the epure of
the plane a determined by the traces
and graphed with the horizontals h,*
and h,2 is drawn. They belong to the
plane, since they have a common
points N*, N? with the frontal trace f,°
of the plane and are parallel to the
horizontal trace h,’ (see Fig. 3.39,
3.40). The lines h,' and h,? are also
parallel to the plane m, because they
are parallel to the horizontal trace h,’,
that lies in the plane =;.

Therefore, the horizontals of the
plane have the following attributes:

1. All horizontals of the plane are
parallel to each other and to the
horizontal trace of the plane h,” (h,*
11h2 11hY).

2. They have common points with
the frontal trace f, (the points N,
N?) and are parallel to the horizontal
trace h,” of the plane.

In Fig. 3.50 by means of
horizontal line h, the missing
horizontal projection of the point K is
constructed (see Fig. 3.49). At first a
frontal projection h,, of the
horizontal h, is drawn, it is parallel to
the axis x, and then, a horizontal
projection hy, is constructed, it is
parallel to h,’.
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Puc. 3.49. IlouaTkoBa
yMoBa 3ajaui
Fig. 3.49. The initial
condition of the problem

Puc. 3.50. Po3p’s13yBaHHs 3aga4i
(puc. 3.49) 3a fonoMoOroI0
rOPU30HTAILHOT MpsIMoi h,
Fig. 3.50. Solution of the problem
(Fig. 3.49) by means of the
horizontal line h,

[pu 1oOymoBi Ha emropi
TOPU3OHTAJl IUIOMIMHHA CHOYaTKY
MIPOBOJISITH ii (bpoHTaTBHY
MPOEKLII0 MapajenbHo 10  oci
npoekuii x. Ha puc. 3.51 B
IUTOIIMHI AABC CIIOYATKY
MIPOBEICHO (PPOHTANBHY HPOEKIIIFO
hy,, a motiM ropuzoHTANBHY hy,
ropu3sonTani h,.

3.4.2. OpoHTam IUIOMUHA —
mpsiMi, SKI Halle)KaTh ITUTONIUHI 1
mapajenpHi 10  (pOHTANBHOL
IUTOIIMHH MTPOEKITIH 7Tp.

Ha pwuc. 3.52 nano Haoune
300pakeHHs, a Ha puc. 3.53 —
emop IUIONMHM [3, 1O 3aJaHa
cmimamMu, 1 B sIKIH TpoBeneHi
(dpoHTAaNl IUIOMUHA fﬁl i fBZA

®poHTAali UIOIUHN MAIOTh TaKi
BJIACTHUBOCTI:

1. Beci
nlapaJielibHi

¢poHTaNl  IUIOLIMHU
MK coboro 1 1o

When constructing a horizontal of
the plane on the epure, at first, its
frontal projection is drawn. It should
be parallel to the axis x. In Fig. 3.51
in the plane AABC a frontal
projection h,, is drawn first and then
a horizontal projection h,, of the
horizontal h,,.

3.4.2. Frontals of the plane are the
lines that belong to the plane and are
parallel to the frontal plane of
projections ;.

In Fig. 3.52 a visual image is
given and in Fig. 3.53 the epure of
the plane B determined by the traces
and graphed with the frontals of the
plane fg" and fs? is drawn.

The frontals of the plane have the
following attributes:

1. All frontals of the plane are
parallel to each other and to
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A2 1, hag (11x)

Puc. 3.51. IIpoBeneHHs B IIOMIMHI
AABC ropu3oHTaILHOT NpsiMoi h,
Fig. 3.51. Drawing of the horizontal

line h, in the plane AABC h,

Puc. 3.52. Haoune 300paxeHHst
mromunn B(h N "), B skciii
nposeneno ppontaasui npsmi Ty i f2
(F5 11 £32 11 £,9)

Fig. 3.52. A visual image of the plane
B(he’ N 1%, frontal lines f3*and f5? being
drawn in it (fg* // 5% 1/ £5°)

e~
B 2 fzz[}
X XB
1,1 M; L‘IfL__f:”
M=M N ffﬁ
M=M <ﬁ'
B

Puc. 3.53. Emop nuomunu B(hy°
N %), B sAKiii npoBeaeHo
dpoutanbui npsivi fp i fy?

Fig. 3.53. The epure of the plane

B(hs" N %), frontal lines fs*and fy?

being drawn in it

Puc. 3.54. IIpoBeennsi B NJIOIMHIL
AABC ropu3oHTaIbHOI NPSAMOi T,
Fig. 3.54. Drawing of the horizontal
line f, in the plane AABC
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(poHnTanpHOro Cnixy miomuHu fop

(5" 11 T2 11 Top).
2. MarwThs cCcHoinpHI TOYKH 3
TOPH30HTAIBHUM  CIIJOM hﬁo

(toukn M', M?) i mapajixenbHi 10
(pOHTATBHOTO CIiTy fﬁo TUTOIIAHH.
Ha puc. 3.43 3a momomororo

¢dponTanBHOT IpsIMOiL f,!
moOyIoBaHO  BiACYTHIO  (DpoH-
tanpHy mnpoekniro K, Ttoukm K
(puc. 3.41).

Ha puc. 3.54 B miomuni AABC
nposeneHo ¢pourans f,, mpuuomy
CIIOYaTKY MIPOBEACHO i1
TOPU30HTANBHY  MPOCKIIIO
mapajenpbHO oci X, a
(bpoHTANbHY MTPOEKILIIO foy.

34.3. Jlimia  HaWOUMBIIOTO
CXWIy  IUIONIMHA —  TIpsAMa
IUIOIIMHY, SKa TEPIeHANKYISIpHA
JI0 TOPU3OHTAJICH TUTONHUHK 200 10
TOPU30HTAIBHOTO CIiy IJIONIMHH,
Ipy LbOMY KyT 1ii Haxwily J0
IUTOIIMHY TT; BU3HAYAE KYT HAXHITY
caMOi IUIOIIMHM J0 Tiel XK
TUTOIIHHY ;.

Ha puc. 3.55 mpsma MN — mi-
Hisl HAHOIIBIIOTO CXWITY TUIOIIUHH
a(hguNfoe), ockimekr MNL h,°, h,t.

IToGynoBy miHii HaWOiIBIIOTO
CXWIy IUIOIIMHHA NOYMHAIOTH 3 11
TOPU30HTANBHOI  TPOEKIii, SIKy
MIPOBOASATH MEPIICHIUKYISPHO (ITix
MPSIMAMU KyTOM) JI0
TOPHU30HTAJILHOI TPOEKIIiT
TOPHU30HTANI IUIOMMHU abo no 11
TOPHU30HTAIBHOTO CIiAY.

Ha puc. 3.56 moGynoBaHo emop
npsimoi MN — iHii HaibiIBIIOTO
cxuiy, ockinbkn MiNyL h,°, To6T0

fla
IOTIM

the frontal trace of the plane fos (f5" //
% 1/ op).-

2. They have common points with
the horizontal trace hy® (points M,
M?) and are parallel to the frontal
trace fg’ of the plane.

In Fig. 3.43 by means of the
frontal line f,' the missing frontal
projection K, of the point K is
constructed (Fig. 3.41).

In Fig. 3.54 in the plane AABC
the frontal f, is drawn, whilst at first
its horizontal projection f;, has been
drawn parallel to the axis x, and then
the frontal projection fs,.

3.4.3. The highest slope line is the
line of the plane which is
perpendicular to the horizontals of
the plane or to the horizontal trace of
the plane. Its angle slope to the plane
m; defines the angle slope of the
plane itself to the same plane m;.

In Fig. 3.55 the line MN s the
highest slope line of the plane «a
(hoaNfoa), since MNL h,°, h,.

The construction of the highest
slope line begins from its horizontal
projection which is drawn
perpendicularly (at right angle) to
the horizontal projection of the
horizontal of the plane or to its
horizontal trace.

In Fig. 3.56 the epure of the
straight line MN is drawn, the highest
slope line, since M;N;.L h,°, then

74




MEH ™
N,
f
AZ
X
X
hy

75

Puc. 3.55. Haoune
300paKeHHs IUIOIIMHI
a(h N .0, B kil
po3MmiuleHo JiHiro
Haiibiabmoroe cxuay MN
(MNL hy, h,Y)

Fig. 3.55. A visual image of
the plane a(h,’ N £,%), the
highest slope line MN
being located in it (MN_L

h., h.b)

Puc. 3.56. Eniop miomunu
a(h,’ N £,0), B saKiii
po3MilleHo JgiHio
Halibinbmoro cxuay MN
(M:N. L huo)

Fig. 3.56. The epure of the
plane a(h,’ N %), the highest
slope line MN being located in

it (MiNpL h°)

Puc. 3.57. Busnayennst Kyra
Haxuy o miougnan a(h,’ N
f(,o) 110 TOPH3O0HTATBHOT
nomuHy npoexuiit £, (MN -
JiHis HAHGIILIIOrO CXHITY
TUIOLIMHI)

Fig. 3.57. Defining the the
angle slope o of the plane
ath,’ N £,) to the horizontal
plane of projections n; (MN is
the highest slope line)



Puc. 3.58. IlouaTkoBa ymoBa 3a/1a4i Ha
BU3HAYCHHA KyTa HAXWJIY O IJIOIIUHHA
B( AABC) 10 ropu3oHTAIBHOL
TUIOIMHY MPOeKiii 71
Fig. 3.58. The initial condition of the
problem for defining the angle slope a of
the plane B( AABC) to the horizontal
plane of projections m;

Puc. 3.60. IIpoBeaeHHst B MUIOLIUHI
B( AABC) Binpizka EF ainii
Haii6libmworo cxuiy (2 ais)

Fig. 3.60. Drawing of the segment EF of
the highest slope line in the plane
(AABC) (step 2)

Puc. 3.59. IIpoBeeHHs B MJIOLIUHI
B(AABC) ropu3oHTaIBHOI
npsimoi hy (1 aist)

Fig. 3.59. Drawing of the horizontal
line hy in the plane B( AABC) (step 1)

Puc. 3.61. BusnauenHns cnocooom
NPSIMOKYTHOI'0 TPHKYTHHKA KyTa
Haxuay o omuan B( AABC) no
IJIOIMHH TT1
Fig. 3.61. Defining the angle slope a of the
plane B( AABC) to the plane 7,
using the method of the right triangle
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B ipoctopi MN L hg,, a Touku M i

N Hamexare chiiaM IUIONIMHA
a(h,2Nf,%). Ha puc. 3.57 cioco6om
MPSIMOKYTHOTO TPUKYTHHUKA
BU3HAYEHO KyT Haxwiy JiHii
Haiioipmoro cxmwity MN o
IUTOIIUHHU 71, 4, OTXKE, 1 KYT HAXHUITY
camoi mrommun ath,’ N £°) xo
TUTOLIMHU T;3.

Ha puc. 3.58 ngano moyaTtkoBy
YMOBY 3a/1a4i Ha BU3HAYCHHS KyTa
Haxmty o wiomuHn B (AABC) mo
wiomuuu 1. Ha puc. 3.59-3.61
HaBeJeHO TpadiyHe POo3B’sI3yBaHHS
i€ 3a1adi.

the space MN _L h,, and the points M

and N belong to the traces of the
plane a(h,’ N 9. In Fig. 3.57 the
angle slope of the highest slope line
MN to the plane =, is defined using
the method of the right triangle, thus
is the angle slope of the plane a itself
(h,’ N £,°) to the plane x;.

In Fig. 3.58 the initial condition of
the problem for defining the angle
slope a of the plane B (AABC) to the
plane =, is given. In Fig. 3.59-3.61
we can see graphical solution of this
problem.
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Hapucna reomerpisi. Po3zin 4.
B3aeMHe 110/10:KeHHA ABOX
TUIOLIMH, MPSIMOI JiHii Ta
TJIOIIUHU
4.1. ITapanenbHICTb JIiHIHN Ta
IUIOLIMH

Jlinis mapanenbHa A0 IUIOIIMHH,

SIKIO BOHA MapajieibHa 0 JEsKOl
JMiHIT 1i€i  TUIOMUHHU. 3BOPOTHO,
IUIOINMHA TapajelibHa JI0  JIiHii,
SKIO IUION[MHA MICTHTh JIHIIO,
napasesbHy 3aJaHii JiHii.

Ha puc. 4.1 mpsama miHiz m
napajnenbHa 0  IUIOLIMHH, IO
3a/1aHa TPUKYTHUKOM ABC,

OCKUTBKH JiHII M Tapayie’bHa 0
JgiHii h, sKa HaueXuTh IUIOLIUHI
ABC. Ha puc. 4.2 npsma JiHis m
mapajgenabHa 0 IUION[MHH, IO
. 0 .
sazana caigamu h™ ta %% ockinbku
JIHIS M napaensHa 1o JiHii 12, ska
. Oa Oar
Hanexutp wionwsai o(h™ N %)

Descriptive geometry. Chapter 4.
Mutual location of two planes,
straight line and plane

4.1.Parallel relation between lines
and planes

A line is parallel to a plane if it is
parallel to some line in the plane.
Converse, a plane is parallel to a
line if the plane contains a line
parallel to the given line.

In Fig. 4.1 the straight line m is
parallel to the plane determined by
triangle ABC since the line m is
parallel to the line h which belongs
to the plane ABC. In Fig. 4.2 the
straight line m is parallel to the
plane determined by the traces h™
and f** since the line m is parallel to
the line 12 which belongs to the
plane a(h™ N °%).

D, m, B,
A, I, -
\ A
DN\ i
m, 1
G, ;™ h,

D m, fOu
) 2 -~
hu
1, 2
X
L
z& .
h
Dl m, Ou l
h

Puc. 4.1. Jlinis m napaieasna
110 TIJIONIUHH, 321aHOL
TpukyTHHKOM ABC
Fig. 4.1. The straight line m is
parallel to the plane
determined by triangle ABC

Puc. 4.2. Jlinis m napaienasna
10 IJIOIIMHY, 3a1aH0I CJIiZaMu
hOu Ta an
Fig. 4.1. The straight line m is
parallel to the plane determined
by the traces h”* and




4.2. TlapanenpHi INIOIUHA

JIBi TIIOMMHM TapaienbHi, SKIIO
OBl TpsiMi, IO MEPETHHAIOTHCS,
OnHi€] IUIOMIMHU TMapajenbHi [0
JIBOX TMPSMHUX, 1[0 MEPETUHAIOTHCS,
immoil mwronmuu (puc. 4.3, 4.4).
SIKIIo Bi TUTONIMHM TapaNeibHi, TO
iX BIAMOBIAHI CIIOU MapaielbHi
(puc. 4.5, 4.6).

Slkmo nBi mapaneneHi IUIONIMHU
PO3THHATH TPETHOKO IUIOLIHHOIO, TO
JHIT MEPEeTHHY OynyTh
napanebHIMHU.

4.2. Parallel planes

Two planes are parallel if two
intersecting lines in one plane are
parallel to two intersecting lines of
other plane (Fig. 4.3, 4.4). If two
planes are parallel their respective
traces are parallel (Fig. 4.5, 4.6).

If two parallel planes cut by a
third plane, the lines of intersection
will are parallel.

x

Puc. 4.3. HaouHe 300pa:keHHsI
napajeJbHHX NJIOIHUH o i B,
3aJaHuX NMPAMUMU, 110
NMEePpETHHAKTLCH
Fig. 4.3. A visual image of the parallel
planes a i B, determined by two
intersecting lines

Puc. 4.4. Eniop napajieiasHuX MIOIHH

o i B, 3axaHUX NPIMUMHU, IO
MePEeTHHAIOTHCS

Fig. 4.4. The epure of the parallel planes

a i B, determined by two intersecting
lines

Puc. 4,5. Haoune
300paskeHHs
nmapaje/JibHUX IVIOIUH O
i B, 3agannx ciaizamu
Fig. 4. 5. A visual image of
the parallel planes a. i f,
determined by the traces
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Xa Xp

Puc. 4. 6. Enlop napanenbHux
IUIOIIMH ¢ i B, 3axaHuX
caigammn
Fig. 4. 6. The epure of the
parallel planes a i B, determined
by the traces

4.3. TInomuHY, 110 IePeTHHAIOTHCS

JliHis mepeTHHY JABOX IUIOIIUH €
JHIEIO, 110  HAIeXKUTh  000M
MJIOIIMHAM. Tomy it
TOPU30HTAIBHHUMA CIIJ[ JIGKHTh Ha
TOPU30HTAIBHUX  CiaX  KOXHOT
IUIOLMHU, OTXKE, € IX TOYKOI
nepetuHy. OpoHTaNBHUH ciin JiHil
MEepeTUHy JIeKUTh B  IIEPETHHI
¢ponTanpHUX chimiB. JliHiA, 1m0
3’€IHY€ I JIBa CIIOU € HIYKaHOO
niHiero nepetuny (puc. 4.7).

Sxa-HeOyab mapa cJaiaiB He
NEePeTHHAETHCSI B MEKaX
KpecJeHHs
IIpoBenemMo MOMOMDKHY IUIOUIMHY
napajesbHO A0 IUIOMIMH HPOEKILiH.
s rrommHa mepeTHe  3ajaHi
IUIOIMHK 1o jiHigx. I[Ii  mn#il
MIEPETHYTHCS B TOYMI HIyKaHOI JIiHii
IIEPETUHY. Hpyra Taka K
IOTIOMI>KHA [UTOIMHA Oyne
MOMIOHMM YWHOM BH3HAYaTH JIPYTY
TOYKy ImykaHoi uimii. JliHig, M0
MIPOXOANUTH Yepe3 Il 1B TOYKH €
ITYKaHOIO JIHIEI0 TIEPETHHY JBOX

TUTOLIVH.

4.3. Intersecting planes

The line of intersections of two
planes is a line to both planes.
Therefore its horizontal piercing
point (the horizontal trace of the
common line) lies in the horizontal
traces of each plane, hence there is a
their point of intersection. The
frontal piercing point of the line of
intersection (the frontal trace of the
common line) lies at the intersection
of frontal traces. The line joining
these two piercing points is the
required line of intersection
(fig. 4.7, 4.8).

Either pair of traces do not
intersect on limits of drawing

Draw an auxiliary plane parallel to
the plane of projections. This plane
will cut from the given planes along
lines. These lines will intersect at
the point of the required line of
intersection. A second  such
auxiliary plane will be the same
manner to determine a second point
on the required line. The line
passing through these two points is
required line of intersection of two
planes.
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Ha puc. 4.9 noromMixkHa miomuHa
mapajenpbHa O O TOPU3OHTAIBHOI
IUTOIIHHY MTPOESKIIiH.

JBa cjiiaym mJIoIUH, 110
nepeTMHAIThCS, apajieabHi

B mipoMy BuUDagKy JiHis TEpEeTHHY
napanenbHa 0 Hapu HapajielbHUX
cniniB. OTxe, BIAMOBIAHI MPOCKIIiT
JiHIT HepeTHHy MapayiesibHi 10 HUX
(puc. 4.10).

In Fig. 4.9 auxiliary plane & is
parallel to the horizontal plane of
projections.

Two traces of intersecting planes
are parallel

In this case the line of intersection
is parallel to the pair of parallel
traces. Hence respective projections
of the line of intersection is parallel
to their (Fig. 4.10).

Puc. 4.7. Ilodynosa ninii
nepeTuHy ABOX IJIOLIUH o i
HA HA0YHOMY 300pasKeHHI
(coriim ABOX MJIOUIUH
NEePeTUHAKTHCH B MeKax
KpecJIeHHs)

Fig. 4.7. The construction of the
line of intersection of two planes
a and B on the visual image
(traces of two planes intersect on
limits of drawing)

Puc. 4.8. [TodynoBa Jinii

TepeTHHY ABOX MJIOMIMH ¢ i § Ha
enopi (¢J1iAn ABOX MJIOLIMH
NMEePETUHAIOTLCH B MEKaxX
KpecJIeHHs)

Fig. 4.7. The construction of the
line of intersection of two planes a
and P on the epure (traces of two
planes intersect on limits of
drawing)
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N;

U N, M,

Puc. 4.9. Iodynosa ainii
MepeTUHY ABOX IVIOIMH ¢ i f Ha
entopi (ppoHTanbHi caiam He
NEepeTUHHAKTHCH B MeKax
KPpeCJIeHHs)

Fig. 4.9. The construction of the
line of intersection of two planes o
and B on the epure (frontal traces
do not intersect on limits of
drawing)

Puc. 4.10. ITodynoBa ainii
MepeTUHY ABOX IUIOLIMH a i
(ropu30oHTANBHI cain
IUIOIIMH NapaJieibHi)
Fig. 4.10. The construction of
the line of intersection of two
planes o and f (horizontal
traces of planes are parallel)

4.4. TlepetuH miHii Ta IIIOMIHHA

Hexait mimis |  meperunae
wromuny o (puc. 4.11). Touky
nepeTrHy Oyne BH3HAYCHO, SIKIIO
Oyme 3Huaiigeno, nge Jimis |
MepeTHHae  SKy-HeOyAb  JIiHif0
wionuHn o. L{g JiHIZ HEe MOXe,
poTe, oyt OyIb-sIKOIO,
BUIIAIKOBO BHOPAHOIO, B ILIONIUHI
0, OCKIJIbKM Taka JIiHis, MOXJIHBO,
HE TIEPETUHAEThCS 3 JiHiew .
Hexait nmomomikny tutonmHy 3
npoBefeHo  depes  jimiro |
[InomwuHa B mepeTHE IJIOMIMHY O
mo Jtinii M. g JiHi® M € niHieo
IUIONIMHA 0., 3 SIKOKO B TOYIl

4.4. The intersection a line and a
plane

Let a line | intersects a plane o
(fig. 4.11). The point intersection
will be determined if we find
where line | intersects a either line
in plane . This line cannot,
however, be any line chosen
random in plane a, for such a line
will probably not intersect by the
line I. Let a auxiliary plane B be
passed through the line I. The plane
B will intersect the plane o in a line
m. This line m is a line in the plane
o which is intersected by the line |
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K mepernnaerses minist |. OTxe,
touka K € mykaHowo TOYKoro, B SKii
ninis | mepeTrHaE WIOMHKHY O,

T'opu3oHTaIBHO-TIpOEKIIiFOI0Ya
abo (hpOHTATHHO-TIPOCKIIIFO0YA
IUTOLIMHA € HaHOLIbII 3pYYHOIO SIK
JOMOMIDKHA ~ TUTOmMHA 3 [uid
PO3B’3yBaHHs Takoi 3a/aui.

Touxky meperuHy mnpsMoi JiHIT 3
IUIOIIMHOO 3aTaJIbHOTO ITOJI0)KSHHS
MOXKHa ~ BHU3HAUUTH,  BHUKOpPHC-
TOBYIOYH TOPH30HTAIIBHO-
MpOeKIifolody abo (PpoHTaIBHO-
MPOEKIUIOIYY CIYHY OTIOMIXHY
IUIOLIMHY, SIKYy MpPOBEICHO uepe3
ninito |. Jlinis meperuny 12 cigunoi
IUTOINUHHY [ 13 33JaHOI0 TUIOIIHUHOIO
3arajbpHOIO MOJIOXKEHHS 0 Ta 3aJlaHa
ninis | moBuHHI mepetuHATHCS 260

1o
OJTHIN
TOPHU30HTAIHHO-TIPOCKIIFOF0Uii
ciyrii mmommHi B (puc. 4.12).
OcCKinpKHn ciyHa IUTOIIMHA

OyTn TapajelbHUMH TOMY,

BOHHU JIC)KaTh B

3’SIBIISIETBCSL SIK JIHIS pO3pi3y Ha
TOPU3OHTANBHIN TUTOMIHHI
MPOEKI[if, TO 3B’SI30K MDX JIHIEO
nepetudy 12 Ta 3amaHoro Jiniero |

HE € OYEeBU/IHUM Ha FOPU3OHTAIbHIN

npoekuii. @dpoHTanpHa IUIOIIMHA
NPOEKLIH, IIpoTe, BHABIAE Il
3B’5130K.  DpOHTaNbHI  NpPOEKIii

niniit 12 ta | neperuHaroThCH Ha
(pOHTANBHIA TUTOMIMHI MPOCKIIi.
Ile € nokazam Ttoro, mo Touka K

at the point K. Hence the point K
is the required point in which the
line | intersects the plane a.

Horizontal and project plane
(horizontal — projecting plane) or
frontal and project plane (frontal —
projecting plane) is the most
convenient as a auxiliary plane 8
for such task solution.

The point of intersection of a
line with a plane of general
position (oblique plane) can be
determined by using a horizontal —
projecting or frontal — projecting
cutting auxiliary plane which be
passed through the line I. The line
of intersection of the cutting plane
with the given oblique plane and
the given line must intersect or be
parallel because they both lie in
the  common  horizontal
projecting (vertical) cutting plane
(Fig. 4.12). Since the cutting plane
appears as an edge in the plan
view (in the horizontal plane of
projections), the relationship
between the line of intersection
and the given line is not apparent
in the plane view (horizontal
projection). The related view (the
frontal plane of projections),
however, reveals this relationship.
Should the frontal projections of
the two lines 12 and | intersect in
the related view, it is evident that
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3aJaHOT
wiomuHd o Ta el | i ToMy
BU3HAyae ciix 3amasoi il | Ha
3aaHIN IJTOIIMHI 0.

€ CIUIBHOIO  TOYKOIO

Ha puc. 4.13 3aaHO
TOPU30OHTANbHY Ta  (poHTAIBHY
NPOEKLii  IUIONMHU  3arajbHOTO
TIOJI0XKEHHS ta mpsmoi |

I'opuzoHTaNBHO-TIPOEKITIFOI0YA

ciyHa myomuHa B, Ky IPOBEJACHO
yepes 3amaHy 1,
3’ABIIETHCS SAK JiHIA po3pidy P; Ha
TOPHU30HTATBHIH TIPOEKIIii.
[noumua P wmictuth Jni”io |
[eperuHOM 3a7aHO{  TUIOLIMHHU
ABC
MPOEKLI00Y01 CiYHOI MIOIUHK [,

npsamy

Ta TOPU30HTAIIBHO-
mo Mictutsh |, € mimis 12. I ninisg |,
1 JtiHis 12 nexarh y TOpU30HTAIBHO-
MPOEKLIOKYiN CiuHii TuionuHi f.
ix (poHTaNBHI npoeKuii
MIEPETHHAIOTH OJIHA ONHY B TouIi Kj
Ha QpoHTanbHIN npoekmii. Touka K
3HAXOIUTELCA Ha JiHii |, BOHa Takox
3HAXOIUTLCS B mwiomuHi ABC
TOMy, IO JiHiZ 12 mepeOyBae y
mwronuai ABC. Orxe, Touka K €
[IYKAHOI0 TOYKOK, CIIBHOIO IS
nimii | ta moommueun ABC. Bona
3apa3 Moxke OyTH CIpOeKIliiioBaHa
Ha  TOPU3OHTAIBHY  TPOEKIIIO.
BukopuctoByeMo  crioctepirarouy
Bi3yaui3amito, mo0 BU3HAYUTH, SKa
| € Bugumorw Ha

KOKHIU TIPOEKIIi.

yacTvHa JiHiT

the point K of intersection is
common to both the given plane o
and given line | and therefore
determines the pierce point of the
given line | and the given plane o.

In Fig. 4.13 the oblique plane
ABC and the line | are given in
both the horizontal and frontal
projections. A horizontal-
projecting cutting plane B is
passed through the given line I,
appears as an edge B; in the
horizontal projection. The plane B
coincidental with and containing
the line I. The intersection of the
given plane ABC and the
horizontal-projecting cutting
plane B containing | is the line 12.
The lines | and 12 both lie in the
horizontal-projecting cutting
plane B. Their frontal projections
intersect each other at point K, in
the frontal projection. Since point
K is on line I, it is also on plane
ABC because line 12 is on plane
ABC. Therefore point K is the
required point, being common to
both the line | and the given plane
ABC. It can now be projected to
the horizontal projection. Use
careful visualization (method of
collinear points) to determine
what portion of the line should be
visible in each projection.
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Puc. 4.11. Buznauennsi Ha
HA04YHOMY 300paxkeHHi Touku K
nepeTuHy npsimoi | 3
NJIOLIUHOIO O
Fig. 4.11. Ditermination of the
point K of the intersection of the
line | with the given plane o on
the visual image

Puc. 4.12. Buznavenns Ha
emtopi Touku K neperuny
npsamoi | 3 miommHoI0 o
Fig. 4.11. Ditermination of
the point K of the
intersection of the line | with
the given plane o on the
epure

3, NIIEIl -

= Torasia >
11=B1 ua Il, G

Puc. 4.13. BusHaueHHs1 Ha emiopi Touku K neperuny npsimoi | 3
MJIOLIHHOIO, 10 3aJaHa TPUKYTHHKOM ABC
Fig. 4.13. Ditermination of the point K of the intersection of the line | with
the plane determined by triangle ABC on the epure
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4.5, [lepetrH A1BOX BIACIKIB IJIOIIMH

4.5. The intersection of two limited

3araJbHOTI'0 ITOJOXKCHHA

JliHi€r0 TEpeTHHY JBOX IUIOMIMH €
npsiMa  JIiHisA, JUIS TOO0YJOBH  SKOT
JOCTaTHLO BHM3HAYUTH [BI TOYKH,
CHUTBHI 71 TBOX IUIOLINH, a00 OJHY
TOYKY 1 HampsM IiHIi TepeTHHy
[IJIOLIHH.

Hexait moTpiOHO BH3HAYUTH JIiHIIO

nepetuHy  TpukytHuka ABC 3
IUIOIIMHOIO, $Ka HE BH3HAYCHA Y
JOBXHHY, TIpOTe OOMEKeHa Yy

IHPHHY TapaielbHUMHK JTiHisIMA K 1 S
(puc. 4.14). Ileperun Moxe OyTu
3HalJieHo 0e3 3HAaXOMKEHHA CIiAiB
AKOI-HEOYIb IUTOIIMHH,
3aCTOCOBYIOYH IOTIEPENHIA MeTox
TaKUM YHHOM. BwuKkopmcroByemo
JONOMDKHY  IUIOIIMHY 0,  sKa
MPOXOIUTh dYepe3 JiHIID S 1 €
HEePIEHANKYISIPHOIO JI0 I,
(Tropu3oHTaNBHOT TUTOIUHU
npoekuiit). 3HaxoauMo, IO JIHIS S
NEepeTUHAE IUIOMIMHY TPUKYTHHKA
ABC B Touni N (xinis 12 € niHiero
NEepPEeTUHY JONOMIKHOT TUIOLIMHU O 3
wiomuHo0  TpukyTHuka  ABC).
BukopucroByemo JIOTIOMDKHY
IUIOLIMHY Y, SIKa INPOXOJHUTH Yepe3
miHi0 K 1 € mepneHIuKyIsSapHOI 10
II; i1 3Haxomumo, mo JiHig K
MepeTHHAE IUIOMMHY TPUKYTHHKA
ABC B TouniM (minis 34 € niHiero
MEepPEeTUHY JOMOMIXKHOT IUIOLIMHU Y 3
romuHo TpukyTHHKa ABC).

Akwo obuasi MAOWMHM Ha puc.
414 BB2KaOTLCA  HEMPO3OPUMMU,
KOXHa 3 HUX NOBMHHA 3aKpuBatu

planes of general position

The line of intersection of two
planes is a straight line, for the
construction of which it s
sufficient to determine two points
that are common to the two planes,
or one point and the direction of
the line of intersection of the
planes.

Let it be required to find the line
of intersection of the triangle
ABC with the plane, indefinite in
length, but limited in width by the
parallel lines k and s (Fig. 4.14).
The intersection can be found,
without finding the traces of either
plane, by applying the preceding
method, as follows. Using the
auxiliary plane a which passes
though the line s and is
perpendicular to II; (horizontal
plane of projection). We find that
the line s intersects the plane of
the triangle ABC in the point N
(line 12 is the line of intersection
of auxiliary plane y with the plane
of the triangle ABC). Using the
auxiliary plane y which passes
though the line k and is
perpendicular to I1;, we find that
the line k intersects the plane of
the triangle ABC in the point M
(line 34 is the line of intersection
of auxiliary plane y with the plane
of the triangle ABC).

If both the planes of Fig. 4.14
are considered to be opaque, each
of them must hide a portion of the
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YaCTWHy iHWOI. Buaumictb Byab-sakoi
NPoexUii NoBMHHA BW3Ha4YaTUCA 3a
[0MoOMOroto iHgopMaLii, oTpumaHoi 3
iHLLIOT NpoeKLiT.

Takum  4YmHOM, LWOO BU3HAYUTU
BMOVMMICTb FOPU3OHTaNLHOI MPOEKLIT,
BisbMeMO Oyab-siky TOYKY, B SKil
NEPETUHAOTLCA MPOEKLLT ABOX MiHIlNA,
WO He 3HaxoOATbCsl B OOHIM i Tin

camin MIOLLIMHI . Hanpukrnag,
pO3rnsHeMoO TOuKy, Oe K meperuHae
AB; (ki mnepermnae A;B;). B

JIACHOCTI 11 MPOEKIIisS JBOX TOYOK: 3
na minii AB (3; Ha minii A;B,), and 5
ina k: (5; Ha K;). Ilpoexiitoemo i
toukn Ha I[l), oTrpumyemo 3, i 5,.
3aBasikn UM npoekuismM  Ha Il
mobavnmo, 110 Touka 3 (3,) BHIIE, HIXK
Touka 5 (5,), omke, AB mpoxoauth
Buiie K. ToMy Ha TOpHU3OHTANbHIN
mpoekmii A;B1, sxa wmictuth 3; €
BUIMIMOIO JIHI€TO.

AHaI0TI4HO BU3HAYAETHCS
BHIMMICTh Ha (DPOHTAIBHIN MPOEKIIii.
[Tounite 3 Oyabp-sKOT TOUKH, &€ JBi
MpOoeKIii JiHiH, 0 He 3HAXOISIThCS B
OJIHIM TUIONIMHI, TEPEeTHHAIOTH OJIHA
OJIHY, HANpPHKIAI, 1I¢ S, IMEPETUHAE
A;B;. Cnpoexrtyiite TOpH30HTAIbHY
MPOEKII0 IUX TOYOK, 00 3HAWTH,
sIKa JIHIS 3HAXOJUTHCS TIepe]T 1HIIOT.
VY naHoMy BHHNAIKy Touka 7 B S
3HAXOJIUThCS nepe] Toukoro 6 B AB,
TOMY S; BUAHO. | Tak pnaii, TIOKH HE
Oye 3Haii/ieHa TOBHA BUIMMICTh.

them must hide a portion of the
other. The visibility of either
projection must be determined
by means of information
obtained from the other
projection.

Thus, to determine the
visibility of the horizontal-
projection, take any point which
intersect the projections of two
lines in is not in the same plane.
For example, consider the point
where Kk intersects AB (k;
intersects A;B,). This is actually
the projection of two points, 3 in
the line AB (3; in the line A{By),
and 5 in k: (5; in ky). Project
these points to the II,, obtaining
3,and 5,. From these projections
we see that the point 3 (3,) is
higher than the point 5 (5,); that
is, AB passes above k.
Therefore, in the TI;-projection,
A:B; which contains 3, is the
visible line.

The visibility of the frontal
projection is similarly
determined. Begin at any point
where the two projections of
lines not in the same plane cross
each other, as for instance where
s, intersects A,B,. Project the
horizontal projection of these
points to find which line is in
front of the other. In this case,
point 7 in s in front of point 6 in
AB, therefore s, is visible. And
so on until the complete
visibility is found.
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Puc. 4.14. Ilo6ynoBa JiHii nepeTnHy ABOX BiICiKiB MIOIIIH
3arajJbHOIo0 moJIOKeHHH
Fig. 4.14. The construction of the line of intersection of two limited
planes of general position
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4.6. [lepneHAUKYIAPHICTE OIPSIMOI

4.6. Perpendicularity of the straight

Ta INTOIMIWHH, IBOX TIJIOINHWH

O3Haka MepIeHANKYIAPHOCTI
mpsMoi 10  IUIOMIMHHU:  TIpsiMa
MIEPIICHANKYISIPHA 10  IUIOIINMHH,
SIKIIO BOHA MEPIEHIUKYISpPHA IO
JIBOX TPSMHUX, NIO MEPETHHAIOTHCS,
uiel wiomuuu. Ha puc. 4.15 Touka
K — Touka mepermHy mpsiMoi N 3

IUIOIMHOK X~. B mifi  Toumi
MepeTHHAOThCs mpsiMi a 1 b
IJIOILMHU 2. IIpsima n

MEPIECHANKYISIpPHA A0 IUIONIMHU X,
OCKIJIBKM BOHA IEPIEHANKYIISIpHA
Io aABoX mpamux a 1 b, mo
NIEPETUHAIOTHCS, [Mnomuny X
(puc. 4.16) MoOXHa pO3MIIANATH 5K
TEOMETPUYHE  MiCle  NPSAMHX,
NEePHEeHANKYIISIPHUX 10 TIPsMOT N.
Ockimekn n 1 X, 710, MOXkHa
CcKasaTd, [0 3aJaHa IUIOMKHA X
NIepHeHANKYIIsIpHa 10 npsimoi N. Lle
O3Ha4ae, 10 JIOBIIbHA MpsMa,
HalnpuKiag ¢, IUIONMHK X, IO
poXoauTh uepe3 Touky K, Oynme
MIePIEHANKYIISPHOIO 10 TPsIMOI N.
IIpsima M, sika HE IPOXOJUTH Yepe3
TOUKY K, TaKOX Oyne
MEePHEeHANKYJSIPHOIO 10 TpsiMol N,
HE3Ba)KaOYd Ha Te, MO M i N €
MHUMOODKHUMHU TPSIMUMH, OCKIIBKH
KyT MDK MHMOODKHUMH TPSIMUMH
JIOPIBHIOE KYTY MIX TapajelbHUMH

J0 HUX HIPSIMHUMU, o
MEePEeTUHAIOTHCS.

IIpn  mpoBeneHHi Ha  emopi
npsAMoi,  NEPHEHIUKYJIPHOL OO
IUIOIIMHU, B OCTaHHIN BHOHMpPAIOTH
He Oynmp-sfiki JBI mpsMi, 1O

MIEPEeTHHAIOTHCS, a npsMi piBHA. Lle

line and the plane, two planes

The sign of the perpendicularity of
the straight line to the plane: straight
line is perpendicular to the plane, if
it is perpendicular to two
intersecting straight lines of this
plane. In fig. 4.15 the point K is the
point of intersection of the line n
with the plane X. At this point the
straight lines a and b belonging to
the plane X intersect. The straight
line n is perpendicular to the plane
%, since it is perpendicular to two
intersecting straight lines a and b.
The plane X (fig. 4.16) can be
regarded as a geometric space of
lines perpendicular to the line n.

Since n L X, then we can say that
the given plane X is perpendicular to
the line n. This means that an
arbitrary straight line, for example c,
of a plane X passing through a point
K, will be perpendicular to the
line n. A straight line m, which does
not pass through the point K, will
also be perpendicular to the line n,
despite the fact that m and n are
skew straight lines, since the angle
between the skew straight lines is
equal to the angle between the
intersecting lines parallel to them.

When passing a straight line
perpendicular to the plane in the
epure, in the latter, not any two
intersecting  straight lines are
chosen, but a level lines. This is due
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00yMOBJIGHO TUM, IO 33 MPABUJIOM
TIPOEKIIFOBAaHHS MIPSIMOTO KyTa (ITUB.
2.7), mpaMuii KyT, yTBOPSHHH TBOMaA
NPSIMAMH, OJHA 3 SKUX € IIPSIMOIO
PiBHS, IPOEKIIOETHC Ha TUIOIIUHY
MPOEKIiil, M0 sKOi mpsMa piBHA
napajenbHa, TAaKOX MPIMHUM KYTOM.

[IpsmMa N nepneHAMKyIspHa IO
IUIOLIMHYU 0, SKY 33JaHO0 CIiIaMH
ho  § 2 ockimbku  BOHA
MepHEeHANKYJIISIPHA 10 MPSIMUX PiBHSA
uiei mrommuu — ropusonTam h* i
¢ponrani %, ki nepeTnHarOTHCA B
Toumi K: n 1 h* f K=h"Nf >
nyo(h*N Y, puc. 4.17.

to the fact that, according to the rule
of projection of a right angle, a right
angle formed by two straight lines,
one of which is a level line, is
projected in the projection plane to
which the level line is parallel, also
at right angle.

The straight line n is perpendicular
to the plane a given by the traces h®
and f*, since it is perpendicular to
the level lines of this plane, namely
to the horizontal h* and frontal ¢
which intersect at the point K: n
h, f K=h*N{f*=nLa(h* N,
fig. 4.17.

Puc. 4.15. lIpsima n
nepneHANKyYJIspHa 10
IJIONIHHA X

Fig. 4.15. The straight line n

is perpendicular to the
plane X

Puc. 4.16. [Lnoumua X sk reoMeTpu4He
Micue NpAMUX, NEPICHAUKYJIAPHUX 10
npsimMoi N
Puc. 4.16. The plane X as a geometric
space of lines perpendicular to the line n

Puc. 4.17. Ilpama n
NEepHneHANKYJIsIpHAa 10 NVIOUIUHH O
Fig. 4.17. The straight line n is
perpendicular to the plane o
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lopm3onTanmpHAa  Tpoekmis N
OpsMoi N MEpHEeHIUKYIIpHa 10
ropM3oHTaNbHOI  mpoekuii  h;®
rOpHU30HTAI h* a6o it
FOPU30HTAILHOTO crimy h%

mionwmen o N, 1 hy® h* (hbe/
4.18).®poHTanpHa  OPOCKIHS N
npssMoi N TepHeHAuKYJsipHa 10
dbponransHoi npoekii " gpponrani
f* a6o 10 dponTamerHoro cuimy
wiomuHu o; N, L, (puc. 4.19).
Ha emropi mpoekmii mpsmoi,
NEePICHANKYSIPHOI 10  IUIOLIHHH,
NPOBOJSATh:  TOPH3OHTAJBHY
NEPICHANKYISIPHO 10  TOPH30H-
TaTbHOI  MPOCKIiI  TOPH30HTAJI
IUTOIUHH abo 10 i
TOPU30HTAJIBHOTO ciny;
(GpoHTANIbHY — NEPIEHANKYISIPHO
10 (poHTanbHOI npoekuii GppoHTani
mwionuHN abo 70 i GppoHTaATBHOTO
crmimy: nyLhy® h% n, L6,
[lpsmMa N neprneHIMKYJIspHA JI0
IUIOIIMHM O, OCKIIBKH  Ng L h%
n, + % (puc. 4.20). Ipsma n
NEePIeHAUKYJSIPHA 10 IUIOLIMHH (o,

ockimekn Ny h* i ny 1 f,° (puc.
4.21).

O3Haka HePIeHINKYJISIPHOCTI
JBOX  IUIOLIMH: 080  MIOWUHU

NepneHOUKyIAPHI, AKWO 0OHA 3 HUX
Micmums npAMY, NePHeHOUKYISAPHY
00 Hwoi nrowunu. MoXHa CKa3aTH
1 TakMM YHHOM: JBI IUIOIIMHHU
MIEPIICHANKYIISPHI, SKIIO OJTHA 3 HUX

IIPOXOAUTH yepes IpsIMy,
NEePIeHAUKYIISPHY 10 1HIIOT
TUTOIIMHHY.

The horizontal projection n; of the
straight line n is perpendicular to the
horizontal projection h;* of the
horizontal line h* or to the
horizontal trace h® of the plane o: n,
1 h% h% (fig. 4.18). The frontal
projection n, of the straight line n is
perpendicular to  the  frontal
projection f,* of the frontal line f* or
to the frontal trace * of the plane o:
n, L £,% f* (fig. 4.19).

In the epure the projections of the
line perpendicular to the plane, carry
out: the horizontal - perpendicular to
the horizontal projection of the
horizontal line or to the horizontal
trace  of the plane; frontal
perpendicular to  the  frontal
projection of the frontal line or to
the frontal trace of the plane: n,
% %0y L hy® %% ng 1 £ 0

The line n is perpendicular to the
plane «, since n; + h® and n, L f*
(fig. 4.20). The line n is
perpendicular to the plane a, since
n; 1+ hyaand n, 1 f,* (fig. 4.21).

The sign of perpendicularity of

two planes: two planes
perpendicular, if one of them
contains a straight line

perpendicular to another plane. One
can say this: two planes are
perpendicular, if one of them passes
through a straight line,
perpendicular to another plane.
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A (1)
2 n, f
n,
(11}
A, h
A\ n, £2
b
"
n;

Puc. 4.18. IIpoBenenns
TOPU30HTAJIBbHOI MpoeKuii Ny
npsamoi n
Fig. 4.18. Drawing a horizontal
projection n, of the straight line n

Puc. 4.19. IIpoBenenns
(¢ponTaNBLHOI poekuii N, npsAMoi N
Fig. 4.19. Drawing a frontal
projection n, of the straight line n

Puc. 4.20. [Ipsama n
NEePNEeHAUKYJIAPHA 10 IJIONUHA O
(hOﬂ n f0¢1)

Fig. 4.20. The line n is perpendicular
to the plane o (h N %)

Puc. 4.21. [Ipsama n
NEPNEHAUKYJIsIPHA 10 NJIOIIHHUA
a (h* N £
Fig. 4.21. The line n is perpendicular
to the plane a (h* N %)
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Hapucna reomerpisi. Po3ain 5.
Cnoco0u nepeTBopeHHs NPOEKIin

5.1. MeTa 3acTOCYBaHHS CIIOCO0IB
IIEPETBOPEHHS IPOEKIII

TpynomicTkicTb

pO3B’s3yBaHHS 3amadi  Oarato B
YoMy 3aJeKHTh Bil TOro, sKe
MOJIOKEHHS  BIIHOCHO  IUIOIIMH
MPOEKLIH 3aliMaloTh T'E€OMETPHYHI
¢irypu, mo BXOIATh B IIOYATKOBY
YMOBY 3a/1a4i.
OpieHTyIOUHCE Ha BiCh MPOEKIIiH,
MOJKHA 32 PO3MIMIEHHAM MPOEKIIii
TeOMETPUYHUX (iryp BiZHOCHO ocCi
TIPOEKIiH CYIWUTH po ix
TMIOJIO’KEHHS B IIPOCTOPI.

[puknaan entopiB reoMeTPUYHUX
¢biryp, Koaum  po3MimleHHS  iX
MPOEKLIH BiJHOCHO OCI IPOEKIii
a0o camux (iryp BiTHOCHO IUIOIIMH
MPOEKIiH, Zo3Boas€e Oe3 rpadiganx
moOymoB ab0 3 MiHIMaIBHOIO iX
KIJIBKICTIO  JaTW  BIANOBiAL Ha
MIOCTABJICHY 33/1a4y:

H.B. tpukyrauka ABC, mnomuHa
SIKOT'O napajeiabHa o I11,
BHU3HA4YEHO 0e3 rpadiuHuX Mo0OyI0B:

JHIO 12 MEPEeTHHY
TOPHU30HTAIBHO-TIPOEKIIIF00Y01
IUIOIMHK O 3 IUIOLIHHOIO
3arajbHOrO  MOJOXKEHHS, 3aJaHoi
TpukyTHUKOM ABC, BH3HadyeHO 3a
MiHIMaJIBHOIO KiJIbKIiCTIO TpadidHnx
nodynos (puc. 5.2).

rpadigyHoTro

[Ipuknaay emopiB TeOMETPUYHMX

Descriptive geometry. Chapter 5.
Methods of transformation of
projections

5.1. The purpose of applying
methods of transformation of

projections

The complexity of the graphical
solution of a problem largely
depends on the position of
geometric figures that are included
in the initial condition of the
problem in relation to projection
planes.

Focusing on the projection axis, it
is possible to judge the position of
the geometric figures relative to the
projection axis for their location in
space.

Examples of epures of geometric
figures, when the location of their
projections relative to the axis of
projections or the figures themselves
with respect to projection planes,
allows graphic constructions, or
with a minimum number of them, to
give an answer to the problem:

true size of triangle ABC, whose
plane is parallel to P1, is defined
without graphical constructions:
AB,C, = true size (natural value —
N.V.) AABC (fig. 5.1);

the line 12 of intersection of the
horizontal projection plane o with
the plane of the general position
given by the triangle ABC is
determined by the minimum number
of graphic constructions (fig. 5.2).

Examples of epures of geometric
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¢biryp, Koaum  po3MilIeHHS  iX
MPOEKIiii BIIHOCHO OCi TPOEKIIiit
abo camux Qiryp BiTHOCHO IUTOIIIH
TIPOEKIIiH, He 103BoJjsi€ 0e3
3HaYHHUX TpadigHmX moOymoB HaTH
BiJINIOBiJlb HA TIOCTABIICHY 33424y

BU3HAuUEHHS1 Oe3MocepeHb0 32
emopom H.B. TpukyrtHuka ABC,
SIKAA 3aiiMae 3arajbHE IOJIOKEHHS
BigHocHo II; i I, HE € MOXIMBUM,
OCKUTbKH IUIOIIMHA TPUKYTHUKA HE
napaienbHa g0 II; i I1, tomy ioro
MPOEKIil  MalTh  CIIOTBOPEHUI
Burisig mopiBasHO 3 H.B. camoro
TPUKyTHHKA. JlJI1 BU3HAUEHHS HOTO
H.B. motpibHO BUKOHATH TOJATKOBI
rpagiuHi TOOYHOBH, HAIPHUKIAL,
Bu3HauuTu H.B. KOXHOi cTOpoHH, a
MOTIM 32 TpbOMa CTOPOHAMH
nobyxnysaru H.B. tpukyrauka ABC
(puc. 5.3);

BU3HAYEHHS JIiHII NEpeTHHY JIBOX
IUIOIIMH  3arajbHOTO IIOJIOKEHHS,
3aJaHuX MapajJeTbHAMA IPIMUMH d
i b ta mpamumm ¢ i d, mo
MIEPETHHAIOTHCS, MOJXKJIMBE JIUIIIE 32
JIOTIOMOT OO JTOJTATKOBUX TpadidqHIX
moOyIoB, 30KpeMa 3a BiIOMHM
AITOPUTMOM MIPOBEICHHS
JOMTOMDKHHMX CIYHHX IUIOHIMH (pHC.

5.4).

figures, when the location of their
projections relative to the axis of
projections or the figures themselves
relative to the projection planes,
does not allow, without significant
graphic constructions, to give an
answer to the problem:

determination directly behind the
epure N.V. of the triangle ABC,
which occupies the general position
relative to II; and II,, is not
possible, since the plane of the
triangle is not parallel to I1; and I,
S0 its projections have a distorted
appearance compared to N.V. of the
triangle itself. To determine his
N.V. it is necessary to perform
additional graphic constructions, for
example, to determine N.V. on each
side, and then on the three sides to
construct N.V. of the triangle ABC
(fig. 5.3);

determination of the line of
intersection of two planes of general
position given by  parallel
intersecting lines a, b and c, d. This
is possible only with the help of
additional graphic constructions, in
particular, for the well-known
algorithm for supporting secondary
planes (fig. 5.4).

A, B, C,

Puc. 5.1. Buznauenns

HATYpaJIbHOI BeJIMYHHHU

TpukyTHHKa ABC

Fig. 5.1. Determination of the
natural value of a triangle ABC
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2 gl

d,

Puc. 5.2. BuzHauyeHHs jiHii
nepeTuHy ABOX IVIOIIMH
Fig. 5.2. Determination of the
line of intersection of two planes

Puc. 5.3. Buznauenns
HATYPAJIbHOI BeJIUYMHU
TpuKkyTHHKa ABC
Fig. 5.3. Determination of the
natural value of a triangle ABC

Puc. 5.4. BuzHaueHHs Jinii
nepeTuHy ABOX IUIOIUH
Fig. 5.4. Determination of the
line of intersection of two planes
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HaBeneni npukmagu (puc. 5.1-
5.4) moKasyoTh, IO  TPOEKIil
TEOMETPUIHUX (Giryp MOXYTh OyTH
3pYYHHUMH Ta 3a0€3MeTyBaT! IPOCTE
po3B’s3yBaHHA 3amadi. lle Mae
MICIIe 32 YaCTKOBHM PO3MIIICHHIM
HPSAMHUX Ta INIOCKUX TE€OMETPUYHUX
(biryp BIIHOCHO IJIOIIMH TPOEKIIIH,
KoJM (irypu neprneHAnuKyssipHi abo
napajieibHi 10 IUIONIMH MPOCKIIIH.
IMpoekuii  reomerpuuHux  iryp
MOXYTb OyTH HE3pYYHHMH, BOHH
NOTPeOYIOTh /IS PO3B’sI3yBaHHS Ti€i
K 3ajadl  JOAATKOBHX, YacoM
TpoMi3akux, rpadiqHUX MOOYIOB.
e 3a3Bmuaii OyBae 3a 3aralbHUM
PO3MIIIEHHSAM T€OMETPUYHUX (iryp
BiTHOCHO TUIOIIMH MPOCKIIii.

Metoro cnoco0iB TepeTBOpEHHS
MPOEKLill € mepexin Bii 3arajibHOrO

MOJIOKEHHS, ~ HE3pyyHOro  Juist
pO3B’SI3yBaHHS 3a/ad, 3a SKUM
reOMETPHYHI ¢birypu
NPOEKLIIOIOTECS Yy CHOTBOPEHOMY
BUTIIAI, JI0 YaCTKOBOTO
TIOJIO>KCHHS, 3pYYHOTO, SIKMH
3a0e3neyye  MPOCTHH  PO3B’SI30K
3ajadi, KOJIM BEIHYHWHA Ta (opma
TEOMETPUIHOL ¢irypu

MPOCKIHIOIOThCS 0€3 CIIOTBOPEHHS.
KpiMm TOro, mnpu mepexonmi Bin
3arajbHOTO JI0 YaCTKOBOTO
TIOJIOKEHHS HOJIETIIYETHCS
PO3B’A3yBaHHS 3a/a4, OB’ SI3aHUX 3
moOyoBOIO  TOYOK  Ta  JIHIH
MEepeTHHY TEeOMEeTpHUHuX  Qiryp.
IIpn upoMy KiHIEBHH pe3ynbTar
NepeTBOPEHb  IOBMHEH  JaBaTH
BiJITIOBiZIb HA PO3B’sI3yBaHHs 3a/1a4i.

The examples (fig. 5.1-5.4)
given show that projections of
geometric figures can be convenient
and provide a simple solution to the
problem. This occurs in the partial
position of straight and plain
geometric figures relative to the
projection planes, when the figures
are perpendicular or parallel to the
projection planes. Projections of
geometric figures can be
uncomfortable, they require solving
the same problem of additional,
sometimes cumbersome, graphic
constructions. This is usually the
general position of geometric
figures relative to projection planes.

The purpose of the methods of
transformation of projections is the
transition from the general position,
which is uncomfortable for the
solution of problems by which
geometric figures are projected in a
distorted form, to a partial position,
convenient, which provides a simple
solution of the problem, when the
size and shape of the geometric
figure are projected  without
distortion. In addition, the transition
from general to partial position
makes it easier to solve problems
related to the construction of points
and lines of intersection of
geometric shapes. In this case, the
final result of the transformations
should give an answer to the
problem solving.
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5.2. Crioco6 3aMiHU IIOIIUH
IPOEKITIH

Cytp cmocoby 3aMiHH IIIOMIMH
MPOEKIi TMOJsITae y TOMYy, IO
reoMeTpudHi Qirypu He 3MiHIOIOTh
B TPOCTOpPi CBOTO TOJOXCHHA, a
cucrema rionmH npoekmii I1,/TI;
(crapa cucrema) JOIOBHIOETHCS
HOBHMU IUIOIIMHAME TpoeKiii Iy,
Is, mo yrBoproroth 3 II,, II; abo
MiXk COOOI0 HOBY CHCTEMY ILIOIIHH
MPOCKITIi, BiJTHOCHO SIKOT
reoMeTpudHi  Qirypu  3alMaroTh
YaCTKOBE MOJOXXEHHS, 3pYydHE I
PO3B’sI3yBaHHS 1aHOI 3a1adi.

PosrnsHemMo rpadivuHy CYTHICTB
cnoco0y Ha MIPUKII/Ii
MPOEKIiFOBaHHs TOUKH (puc. 5.5).

YBoaumo HOBY IJIOLUHY
npoekuiit  Il;, po3mimyroun i
nepneHukyispao go II;. II, 3 IIh
MEepeTUHAIOThCS 110 HOBiM  oci
MIPOEKITii X1, SIKY MO>KHa
po3TIISIIaTH K ciig-npoekmito I1, Ha
II,. VYrtBOpunacs HOBa cucTema
wiomuH npoekmii xiI1,/T1;, B sKii
30epermacs mpoekmis A; Ha I
(3amana mpoekIisA) Ta MOOyZOBaHA
npoexiis A, Ha [1, (HOBa mpoekis).
Bigcrans Touku A 1o I1; mopiBHIOE
BiacTaHi A, 1m0 oci X, a TaKoX
JIOPIBHIOE BiACTaHi A4 JI0 HOBOI OCi
X1. 3a3HAYEHI BiJICTaHi JOPIBHIOIOTH
Za. lle nmo3Bojisie, Maruu 3ajiaHi
mpoekmii A; i A, B cuctemi xITy/T1;,
noOy/ayBaTH HOBY TMIPOEKIil0 Ay
TOYKH A Ha riomuHi Iy.

5.2. Method of replacement of
planes of projections

The essence of the method of
replacement of planes of projections
is that the geometric figures do not
change in the space of its position,
and the system of planes of
projections II, / I1; (the old system)
is supplemented by new planes of
projections Iy, I1s, forming from IT,,
I1; or between them a new system of
planes of projections, in relation to
which geometrical figures locate a
partial position, convenient for
solving this problem.

Consider the graphical essense of
the method in the example of
projecting a point (fig. 5.5).

We introduce a new plane of
projections I1,, placing it
perpendicular to II,. II; of II;
intersect along a new axis of
projections x;, which can be
considered as a trace-projection of
I1,4 to I1;. A new system of planes of
projections x; I1, / I1; was formed,
in which the projection A; on II;
(projection given) was preserved,
and the projection of A, to I1; (new
projection) was constructed. The
distance from A to I1; is equal to the
distance A, to the axis x, and is
equal to the distance A, to the new
axis x;. The indicated distances are
equal to z. This allows, with given
projections A; and A, in the system
x II, / II;, to construct a new
projection A4 of point A on plane
I1,.
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Puc. 5.5. IlodynoBa npoekuii TOUKH A HA HOBiii IIOLIUHI
npoekuiii [14
Fig. 5.5. Construction of projection of a point A on a new plane of
projections I,

OCHOBHI ITOJIOKEHHS CIIOCO0Y:

1. Tlpm mepexomi [0 HOBOL
CHCTEeMH OJIHA 3 IUIOLIMH TNPOEKIIH
crapoi cumcTeMH 30epiraerbes sk
OlHa 3 IUIONIMH TPOEKIid HOBOI

CHUCTeMH, a Jpyry IUIOLIHHY
MIPOEKIIif crapoi CHUCTEMU
3aMIHIOIOTh HAa HOBY IUIOILIMHY
MIPOEKIIiH, SKY PO3MILLYIOTh
NEepHEeHANKYJSIPHO 0 Tiel crapoi
TUTOIIIMHU MPOEKIIiH, SAKY
30epiraroTh.

2. Tlpoekmii TOYKM B HOBId
cHCcTEMI IUTOIIWH MPOEKITiH

po3MillieHi, SK 1 B cTapiii, Ha OxHIM
JiHil TpoeKuiifHOro 3B’A3Ky, sKa
MepIIeHANKYIIpHA 1O HOBOi OCi
MIPOEKITii.

3. Bincranp BiJ HOBOI NpoeKmii

Main principles of the method:

1. Upon transition to a new
system, one of the projection planes
of the old system is preserved as one
of the projection planes of the new
system, and the second plane of the
projection of the old system is
replaced by a new plane of
projection, which is positioned
perpendicular to the old plane of
projections stored.

2. Projection points in a new
system of planes of projections are
located, as in the old, on one line of
projection, which is perpendicular to
a new axis of projections.

3. The distance from the new
projection of a point to a new axis of
projections is equal to the distance
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TOYKM JO HOBOI OCi TPOEKIH
NOPIBHIOE BifCTaHi Big MPOEKIii
TOYKH, IO 3aMIiHIOETHCS, O CTapoi
0Ci MPOEKITii.

5.2.1. BukoHaHHs IEPETBOPEHD
LIJIIXOM 3aMiHU OAHI€ET INIOIIMHI
IIPOEKITiit
5.2.1.1. IlepeTBOpEHHS IPAMOI
3araJbHOr0 MOJIOKEHHS B IPSIMY

from the projection of the replaced
point to the old axis of projections.

5.2.1. Carrying out of
transformations by replacement of
one plane of projections
5.2.1.1.Transformation a straight
line of general position to a level

p1BHA

YMoBa  3ajadi:  NEPETBOPUTH
MpsIMy 3arajbHOro MojoxeHHs AB
B IIpsAAMY piBHA (puc. 5.6).
[MocnimoBHICT TOOYIOB:

1. IlpoBogmmo x; // A1B;.
2. Bynyemo A4 i B, Ha 4.

B pesymberati moodynoB mpsima AB,
ska B cucremi xII,/II; 3aiimae
3arajibHe ITOJIOKEHHS,
nepetBopuiacs B cuctemi Xq[14/T1;
Ha MPSAMY PiBHsA, mapanenbuy [1y.

I, // AB, ockinbku Xq // A1Bq; I, L
IT;; Kyt o’ - KyT HaxuiIy npsmoi AB
a0 Hl, A4B4 =H.B. AB.

line

Condition of the problem: to
transform the  straight line of
general position AB to the level line.
Sequence of constructions (fig.5.6):
1. Draw x4 /l A;B;.

2. Construct A, and B, on Il,.

As a result of the constructions,
the line AB, which in the system
xITo/T1 occupies the general
position, transformed into a system
xI1y/I1; on a level line parallel to
II,. I, // AB, since x; // ABy; Tl
L IIy; Angle o° - angle of inclination
of straight line AB to II;; A;B; =
N.V. AB.

Puc. 5.6. [lepeTBOpeHHsI MPSIMOI 3araJibHOTO MOJIOKEHHS B MPSIMY PiBHS
Fig. 5.6. Transformation the straight line of general position to the level line




5.2.1.2. IlepeTBOpeHHs NPSIMOI PIBHS

5.2.1.2.Transformation a level line

B IIPOEKLIIOIYY IPAMY

YMmoBa  3amaui: TIEPETBOPHUTH
rOpU30HTAIBHY mpsiMy AB B
MIpoeKIifody (puc. 5.7).

IocnizoBHICTE TOOYIOB:

1. IIpoBomumo x; L A;B;.
2. bynyemo A4 1B, Ha Il Ay =By

B pesynprari mobynoB npsima AB,
sIKa B cucTeMi xIT,/TIy €
TOPU30HTAJIBHOIO IPsIMOIO,
nepeTBopuiiacs B cuctemi x;114/T1; Ha
MIPOEKLI 00Ty npsamy,
nepneHaukyisipay ao I, Il L AB,
OCKIIBKH X1 L A1Byq; Iy 1 IT;.

to a project line

Condition of the problem: to
transform the horizontal line to the
project line (fig.5.7).

Sequence of constructions:
1. Draw XpL A]_Bl.

2. Construct A, and B, on
A, =B,

As a result of the constructions,
the line AB, which in the system
xII,/II; is the horizontal line,
transformed into a system xII4/II;
on a project line perpendicular to
I1,. II, L AB since x; L A1Bq; I1, 1
Hl-

I

IT,
A B, I,
A
B o A3B,
A
% x BN | N
Ay
B, o ARB,,
I, — L ATB,
X1

A, B,
xH’ Ax By
I,
A;\
B, /A% By,
I, .
X, II, AsB,

Puc. 5.7. IlepeTBopeHHs MpsiMOi pPiBHS B MPOEKUi0I0Yi NPAMY
Fig. 5.7. Transformation a level line
to a project line

5.2.1.3. llepeTBOpEHHS MIIOUIMHU
3araJbHOr0 IOJIOYKEHHS B

IPOEKLIIOIYY
YMoBa  3ajmadi:  IEpETBOPUTH
IUIOIIMHY 3arajbHOTO TIONOXKEHHS,
AKy 3amaHo TpukyTHHKOM ABC, B
MpoeKIiiogy (puc. 5.8).
ITocmimoBHICTH MOOYIOB:
1. B mnommni TtpukyTtHHKa ABC

5.2.1.3.Transformation a plane of
general position to a project plane

Condition of the problem: to
transform the plane of the general
position, which is given by the
triangle ABC, into the projection
plane (puc. 5.8).

Sequence of constructions:
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MIPOBOIMMO T'OPU3OHTAIIBHY HPSAMY
h.

2. IIpoBoanmo Bich X; L hy.

3. bynmyemo mpoexmii BepmH
TpukyTHHKa Ha Il;: A4 By, Cy
po3MileHi Ha OXHIN MpsIMii, sKa €
CITiTOM-TIPOCKITI €10 IUTOIITHHA
TpUKyTHHKA Ha [1y.

B pesynbrati moOynoB IIIOMIMHA
TpukyTHHUKa ABC, sika B cucremi
xIT,/T1y 3alimae 3arajbHe
MIOJIOXKEHHA, [epeTBOpHiacs Ha
MPOEKIMI0IYY IUIOMUHY B CHCTEMI
x[1/T1;, meprienaukynsapry no I1,.
I, + AABC, ockineku X1 L hy; Iy 1
I3; KyT 0 — KyT Haxwiy IUIOIIMHH
tpukyTHuka ABC no I1;.

1. In the plane of the triangle ABC
we draw a horizontal straight line h.

2.We draw the axis x1 1 h1.

3. We construct the projections of
vertexes of a triangle on Il Ay, By,
and C, are located on a one and the
same line, which is a trace-
projection of the plane of the
triangle on TIl,.

As a result of construction, the
plane of the triangle ABC, which in
the system xII,/II; occupies the
general position, transformed into a
projection plane in the system
x1I1, / I3, perpendicular to I1,. I, +
AABC, since x; L hy; Il o II ;
angle o is the angle of the slope of
the plane of the triangle ABC to II,.

Puc. 5.8.IlepeTBopeHHs MIOIIMHM 3araIbHOI0 MOJIOKEHHS B
NMPOeKUiIYy
Fig. 5.8. Transformation a plane of general position to a project plane
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5.2.1.4. IlepeTBOpEeHHS
MPOEKII0I0YO0T IUIOIUHHU B

IUIOIHWHY P1BHA
YMoBa 3agadi: MEPETBOPHUTH

MPOEKIIIOI0YY  TUIOMIMHY, SKY
3amaHo TpukyTHHUKOM ABC, Ha
TUIOIIMHY PiBHS (puc. 5.9).

ITocnigoBHICTE TOOY/TOB:

1. ITpoBomumo X, // A1B1C;y.
2. Bynyemo Ay, B4, C, Ha 1,.

B pesynprari moOymoB IUTOIIMHA
TpukyTHHKa ABC, sixka B cucremi
xIT,/T1; 3aiiMae MIPOEKITIIOI0Ye
MOJIOXKEHHS, IepeTBOpWiacs Ha
IUTOIIKHY piBHA B cucteMi X;[1/11y,

5.2.1.4.Transformation a project
plane to a level plane

Condition of the problem: to
transform the projection plane,
which is given by the triangle ABC,
on the level plane (fig.5.9).

Sequence of constructions:

1. We draw X1 1 A1B.Cy.
2. We construct Ay, Ba, C40n I,

As a result of construction, the
plane of the triangle ABC, which
occupies a projection position in the
system xII,/TI;, transformed into a
level plane in the system x;IT4/TI;,

parallel to II, : A4B4C, = N.V.
napanensny o Il A4B,C, = H.B. triangle ABC.
TpukyTHHKa ABC.
AZ
I1,//1nABC
A, A ;
H4
101
B
2, A - c‘
1 C; X,
:

4 H.B.AABC

Puc. 5.9. IlepeTBopeHHs MPOeKUiI0I04Y0i IVIOIIUHH B NJIOIIUHY PiBHSA
Fig. 5.9.Transformation a project plane to a level plane
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5.2.2. BukonaHHs IepeTBOPEHD
[UIIXOM 3aMiHU ABOX IIOIIMH
IIPOEKITit
5.2.2.1. [leperBOpeHHS IPSIMOI
3araJIbHOIO MIOJIOKEHHS B

MPOEKILIOI0YY

YMoBa  3amayi:  MEPETBOPUTH
MpsIMy 3arajJbHOTO MOJOXeHHS AB
B IpoeKIIitouy (puc. 5.10).

[MocninoBHiCTH TOOYIOB:

1. Iposomumo x; ; A;Bj, po3mi-
UIYIOYM THM caMuM IUiommuy Il
napayienbHo 10 AB.

2. bynyemo A, i By ma II;. B
cucreMi x;I14/T1; mpsima AB crama
MPSIMOIO  PIiBHS, TapajelbHOI [0
I1,.

3. IlpoBogmmo x; L A4B,, po3wmi-
IIYIOYM JPYTY HOBY IUIOLIMHY
npoekuii [ls nmeprneHmuKyIIpHO 110
HepyxoMmoi npsamoi AB.

4. Byl[yCMO As, Bs na I15: A5 = Bs.

B cucremi x,Ils/Tl; mpsma AB
cTajlla MPOCKINIOIYOI0, IepIIeH-
JTUKYIApHOIO 110 I1s.

5.2.2. Carrying out of
transformations by replacement of
two planes of projections
5.2.2.1.Transformation a straight
line of general position to a project

line
Condition of the problem: to
transform the  straight line of

general position AB to the project
line (fig.5.10).

Sequence of constructions:
1. We draw x; // A;By, thus placing
the plane I1, in parallel with AB.
2. We construct A, and B, on I1,. In
the system xI14/TI; the straight line
AB became a level line, parallel to
[14.
3. We draw x, + A4By, placing the
second new plane of projection ITs
perpendicular to the fixed straight
line AB.
4. We construct Ag, Bs on Is: As =
B:.

In the system x,I1s/I1, straight line
AB became a project line,
perpendicular to ITs.

Puc. 5.10. [TepeTBopenHs
l]pSIMO'l' 3araJiIbHOroO MmoJOKCHHS
B MPOEKIi0I0Yy
Fig. 5.10. Transformation a
straight line of general position
to a project line
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5.2.2.2. IlepeTBOpEHHS IIOIINHU

5.2.2.2.Transformation a plane of

3araJbHOTO ITOJIOKCHHS B INIOIIMHWHY

general position to a level plane

pP1BHA

YMoBa  3ajadi:  TEPETBOPUTH
IUIOLMHY 3arajJbHOTO IIOJIOXCHHS,
Ky 3agaHo TpukyTHHKOM ABC, B
npoekiitruy (puc. 5.11).

IocninoBHICTE TOOYI0B:

1. B nmomuni TpuxkytHuka ABC
MPOBOIMMO T'OPU3OHTAIIBHY MPAMY

h.

Condition of the problem: to
transform the plane of the general
position, which is given by the
triangle ABC, into the projection
plane (fig.5.11).

Sequence of constructions:

1. In the plane of the triangle ABC
we draw a horizontal straight line h.

Puc. 5.11. IlepeTBOpeHHsI MJIOIIMHY 3arajJbLHOIO MOJIOKEHHS B

ILUIONIMHY PiBHS
Fig. 5.11. Transformation a plane of general position to a level plane
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2. IpoBoaumo X; L hy, posmirmytoun

TUM caMuM IJIOLIUHY I,
NEPHECHANKYISIPHO 10  IUIOMIWHH
TpukyTHHKa ABC.
3. Dbynmyemo mpoexmii BepmH
TPUKyTHHKA Ha [1y.

B cucremi x(I1/I1; mmomuna
TPUKYTHHKA ABC craja
MIPOEKLI 0000, NEepHEeHANKY-
sapHoto 1o [,.

4. TlpoBomumo X, /I A4B4Cy,

PO3MIIIYIOYH THM CaMHM IUIOLIMHY
I, mapamensHO 1[0  TUIOIIMHH
TpukyTHHKa ABC.
5. bymyemo mpoexmii
TpUKyTHHKA Ha [5.

B cucremi x,IIs/Il; mmommHa
TpukyTHHKa ABC cTana mionHo0
piBHs, mapanenabHoro 10 [1s: AsBsCs
= H.B. tpuxytauxa ABC.

BEPIINH

2. We draw Xx; 1 hy, thus placing the
plane T1, perpendicular to the plane
of the triangle ABC.

3. We construct the projections of
vertexes of a triangle on Il,:

In the system x,I1,/I1;, the plane
of the triangle ABC became project
plane, perpendicular to I1,.

4, We draw x, / / A4B4C4, thus
placing the plane I1, in parallel with
the plane of the triangle ABC.
5. We consiruct the projection of
vertexes of the triangle on IIs.

In the system x,I1s/T1,, the plane of
the triangle ABC became the level
plane parallel to ITs: AsBsCs = N.V.
triangle ABC.

5.3. Cnocib miocko-napaaeabHoro
[EPEMIIIICHHS

Cytp cmoco0y mondrae y TOMY,
mo reomerpuyHi Qirypu (mpsami Ta
TUTOCKI ¢birypn) o0epTaHHIM
HaBKOJIO OCi, fKa MEPIICHIUKYIISIpHa
J0 OJHiel 3 HEPYXOMHX IUIOIIHH
mpoekuiit I1; a6o I, po3MimyroTsh
TaKUM YHUHOM, 100 BOHH BiTHOCHO
HEpYXOMOi ~ CHCTeMH  IUIOIIUH
mpoekiiii I1,/T1; 3aiiManu 4acTkOBe
MOJI0KEHHS, 3py4He JUIst
pO3B’sI3yBaHHS 3aadi.

Came mnpum TakoMy oOepTaHHI
TOYKH (irypu TepeMillyloThCs B
IUTOLIMHAX, NapajelbHuX 10 Ti€l
IUIOLIMHU  TPOEKLii, 10  sKOi
NepIEeHANKYJISIpHA Bich 00epTaHHA

5.3. Method of flat-parallel
movement

The essence of the method is that
the geometrical figures (straight
lines and flat figures) rotate around
an axis that is perpendicular to one
of the fixed planes of the projections
IT; or II, so that they occupy a
partial position, relative to the fixed
plane of the planes of projections
IT,/T1;. Such a partial position of
geometric shapes is convenient for
solution the problem..

It is precisely at such a rotation
that the points of the figure are
moved in planes parallel to that
plane of projection, to which the
axis of rotation of the figure is
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oirypu.

ITlig ac obepTaHHA TeOMETPUIHOT
¢irypu 11 TpPOEKIis Ha IUIOMHHY
MIPOEKIiii, 10 sKoi Bich oOepTaHHS
MEPIECHANKYIISIPHA, HE 3MiHIOE CBOE]
dopMu 1 po3MmipiB, TpH IHOMY
MIPOEKIIl TOYOK (GirypH Ha IUTOUIHHY
MPOEKIiH, 10 AKOI BiCh 0OCpTaHHS
napajenbHa, IepeMillyloThCs IO
NpsSMHUX, TMapajlelbHUX 10  Oci
MpOeKIi#l X abo 3a i BiACYTHOCTI -
M0 TPSIMUX, NMEPHSHIUKYISPHUX JI0
BEPTUKAJIBHUX JIIHIH HPOEKLiitHOro
3B’SI3KY.

HesminHicte QopMu i po3mipiB
onmHi€el 3 mpoekmiit dirypm mpm 1l

obepranHHi  cmpomrye  MOOYIOBY
HOBHX TIIOJIOKEHB IIi€i MpPOeKImil
¢irypu.

PosrnsiHemMo rpagiuHy CyTHICTB
croco0y Ha MpUKIami 0OepTaHHS
ToukH (puc. 5.12).

Touka A obepraeThcs HABKOJIO OCi
i, ska nepneHaukyispHa po Ils.
Tpaexropiss obepraHHS ToukHm A —
KoJIo panmiyca R, miommHa § sSKOTO
NepHeHANKYIsIpHa 0 oci i Ta
napanenbHa g0 [1;. [Tnommaa & xonma
00epTaHHS TOYKH A TIPOCKIIFOETHCS
Ha II; B mpsaMy 9§, sfKa € CIiIoM-
MPOEKLIEO TIOMIMHU O, TPUIOMY O
// x. Touka O — 1ueHTp Koya
oOepTaHHs TOUYKH A — po3MilieHa
Ha OCi i.

Touka A 3 CBOr0O MOYAaTKOBOTO
MOJIOKEHHSI TIePeMICTUIIACs Ha KYT
obepTaHHs (po B monoxkens A, [pu
IIbOMY TOPH3OHTaJIbHA MPOEKLis Aj
nepeMicTuiiacsi o Koiy paaiyca R
Ha kyr @ B monoxenHs A;' | a
¢dpoHTaTHPHA TIPOEKLs A,

perpendicular to the figure.

During the rotation of a geometric
figure, its projection on the plane of
projections to which the axis of
rotation is perpendicular does not
change its shape and sizes, while the
projections of the points of the
figure on the projection plane to
which the axis of rotation is parallel,
are displaced in straight lines
parallel to the axis of projections x
or its absence - in straight lines,
perpendicular to the vertical lines of
the project connection.

The invariability of the shape and
sizes of one of the projections of the
figure during its rotation simplifies
the construction of new positions of
this projection of the figure.

Consider the graphical essence of
the method on the example of the
point rotation (fig. 5.12).

Point A rotate around the axis and
which is perpendicular to IT;. The
trajectory of rotation of point A is
the circle of radius R, whose plane &
is perpendicular to the axis and is
parallel to I1;. The plane & of the
rotational circle of point A is
projected onto IT, in the straight line
82, Which is the trace-projection of
the plane 3, with 6, // X. Point O is
the center of the circle of rotation of
point A - is placed on the axis and.

Point A moved from its original
position to the angle of rotation @0
to position Al In this case, the
horizontal projection A; moved in a
circle of radius R at an angle ¢0 to
position A,", and the front projection
A, moved along a straight line J,,
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mepeMicThiacs 10  OpsaMid Oy,
mapajenbHii OCi X, B IIOJIOKEHHS

parallel to the x-axis, to position
Al

Puc. 5.12. I'padpiuna cyTHicTb ciocody Ha NpuKJIadi 00epTaHHS
TOYKH
Fig. 5.12.Graphical essence of the method on the example of the
point rotation
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5.3.1. OGepraHHs HaBKOJIO OAHI€ET

5.3.1.Rotate around one imaginary

YABHOI 0Ci 00epTaHHs
5.3.1.1. [TeperBOpeHHS IPSIMOI
3arajJbHOrO MOJIOKEHHSI B IPSIMY

piBHA

YMoBa  3ajadi:  TEPETBOPUTH
NpsIMY 3arajbHOrO MOJOXeHHS AB
y ¢poHTansHy mnpsmy piBHs (puc.
5.13).

Po3B’s3yBaHHs:

I'opuzoHTansHa MPOEKIIis
¢poHTanbHOT TpsAMOI TapajenbHa
o0 oci X, ToMmy Binpizok A;B;
po3MiIIyeMoO, HE 3MIHIOIOYH HOTO
pO3MipiB, B TOIOKEHHS AllBl1 /] X.
IIpu upomy AlBt po3mimryemMo B
OyZnb-KOMY 3pYYHOMY MICII ITOJIS
kpeciaeHHs. lle  o3Hawae, 1m0
obepTaHHs AB BiZIOyBaeThCs
HABKOJIO OCi, sIKa MEPICHINKYIISIpHA
no IT;, xoda 10 BiCh Ha CMIOpPI HE
MOKa3yHOTh.

A,'B,! = H.B. AB; Lo - KYT
Haxwiy npsamoi AB 1o mmommzu
Hl.

axis of rotation
5.3.1.1.Transformation a straight
line of general position to a level
line

Condition of the problem: to
transform the straight line of general
position AB into the front straight
line (fig.5.13).

Solution;

The horizontal projection of the
front straight line is parallel to the x-
axis, so we occupy the segment
ABy, without changing its size, to
the position A;1B,* // x. In this case,
A'B.! occupy in any convenient
place of the drawing field. This
means that the rotation of AB occurs
around an axis that is perpendicular
to IT;, although this axis does not
appear on the epure.

A'BY = NV. AB; L a is the
angle of inclination (slope) of the
straight line AB to the plane I1;.

Puc. 5.13. IlepeTBOopeHHs

IpsIMOi 3arajlbHOTO
MIOJIOKEHHS B MPAMY

P1BHA

Fig. 5.13.Transformation a
straight line of general
position to a level line
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5.3.1.2. [leperBopeHHs IPSIMOI

5.3.1.2. Transformation a level line

PIBHS B IPOEKILIIOIYY IPAMY

to a project line

YMoBa  3ajadi:  TEPETBOPUTH
¢poHTaNEHY TpsMy piBHI AB y
mpoekmiroidy (puc. 5.14).

[NosicHeHHs 10 PO3B’A3yBaHHS:

@®poHTanpHa mpsiMa  HEpPETBO-
PIOETBCS y TOPU30HTAJIBHO-
MPOEKLII0IYy  TpH  00epTaHHi

HaBkoJjio oci i L I, ockinbku 10 I,

napajensHa (pOHTaNbHA MpsAMA.
Sxmo obepratu QppoHTANBHY MPAMY
maBkono 1 L II;, To BoHaA He

MIEPETBOPUTECS. B MPOEKIIIOI0UY.
Tak, y BHIIaZKy pO3MIIICHHA
TOPH30HTANBHOI  Tpoekmii  (poH-
TAJIBHOI IMPAMOi TEPICHIUKYIIPHO
J0 OCi X, BOHa IIEPETBOPUTHCS Y
npsIMY piBHS, HapajienbHy Jo [1s.
Takum unHOM, (PpOHTATILHA TIPSIMA
IpU  CBOEMY OOEpTaHHI  MoOXKe
MePETBOPUTHUCS TIIBKA y
TOPU30HTAIBHO-TIPOCKINIOI0YY.
Po3p’a3yBanHs:
Pozmimyemo (dbpoHTaTBHY
mpoekmiro A,B, Bigpiska AB, He
3MIHIOIOYH ~ HOro  po3MipiB, ¥y
MOJIOKEHHS Alezl L X.

OTtpumaemo, o GpoHTAIbHA MPsIMa
AB meperBopuiacs B pe3yibTari
oOepTaHHS HaBKOJO YsSBHOI OCi,
nepneHaukyasipHoi  go Il y
TOPU30HTAJIBHO-TIPOEKLIIOI0TY
npsmMy A'BL.

Condition of the problem: to
convert the front frontal level AB
into the projection (fig.5.14).

Explanation to the solution;

The front straight line ttransforms
into a horizontal and project line
when rotated around the axis i L II,,

since up to II, is a parallel frontal
straight line. If you rotate the front
line around i _L II, then it does not

transform into a projection. Thus, in
the case of a horizontal projection of
the frontal straight line
perpendicular to the x-axis, it will be
converted to a straight line parallel
to I1,.

Thus, the frontal straight line in its
rotation can only transform into a
horizontal projection.

Solution:

We place the front projection of
A,B, segment AB, without changing
its size, to the position A,'B,' L x.
We obtain that the front line AB
transformed as a result of rotation
around the  imaginary  axis
perpendicular to IT, to the horizontal
and project straight line A'B™.
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L

2 \ p
B.

ATB,

A, B,

Puc. 5.14. IleperBopenns
NpAMoi 3arajbHOro
M0JI0KeHHS B IPAMY PiBHS
Fig. 5.14. Transformation a
straight line of general position
to a level line

5.3.1.3. TlepeTBOpEHHS IUIOMKUHU
3araJIbHOIO IMOJIOKEHHS B

IPOCKILII0ITY

YMoBa  3amadi:  NEPETBOPUTH
mwioumHy TpukytHuka ABC 'y
(pOHTATIBHO- MPOCKIIOITY .

Po3B’s3yBanns (puc. 5.15):

B mmommHi TpukytHuka ABC
MPOBOIMMO T'OPU3OHTAIIBHY MNPAMY
h i po3mimyemo il TOpU30OHTANBHY
MIPOCKITiF0 hy pasom 3
TOPU30HTAIBHOIO MPOEKIIEFO
TpukyTHHKa ABC, He 3MiHIOIOYH
MMOYaTKOBHX (OpM 1 po3MipiB, y
nonosxkennst hyt L X.

B pe3ynbTaTi obOepTaHHI
OTPUMAEMO, 110 TPUKYTHHK
AIBIC1  3aiimae  (poHTaIBHO-
MIPOEKLiI0I0Ye TIOJIOXKEHHS,

neprnenauKyaspuae g0 112, ne £ o
— KyT HaXUIly IUIOMIMHA TPHKYTHUKA
ABC a0 Hl'

5.3.1.3.Transformation a plane of
general position to a project plane

Condition of the problem: to
transform the plane of the triangle
ABC into the frontal projection.

Solution (fig. 5.15):

In the plane of the triangle ABC,
we draw a horizontal straight line h
and place its horizontal projection hy
together ~ with  the  horizontal
projection of the triangle ABC,
without changing the initial forms
and sizes, to the position h;* L x.

As a result of rotation, we obtain
that the triangle A1B1C1 occupies a
frontal-projection position

perpendicular to P2, where £ o is
the angle of inclination of the plane
of the triangle ABC to IT;.

Puc. 5.15. [lepeTBOpeHHs NMIOLMHHA
3araJibHOr0 MOJIOKeHHSI B
NPOoeKUiIYy

Fig. 5.15. Transformation a plane of

general position to a project plane
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5.3.1.4. IlepeTBOpeHHs
MPOEKITFOI0Y01 IIIOMIMHN B

IJIOIWHY P1BHA

YMoBa 3ajaui:  NEpeTBOPUTH
(bpOHTANIBHO-TIPOEKIIIOIYY  IUIO-
muHy  TpukyTHuka ABC y
wiowmuHy piBs (puc. 5.16).
Po3B’s13yBanHs:

OckinbKM ~ 3a7aHa  IUIOIIMHA
nepneHaukyispia po I, 1o il
MOXHA o0epraTé Uil OTPUMAaHHSA
MOJNOXKCHHA ~ IUIOIIMHM  PIBHA
HaBKOJIO OCi, IIEPICHIUKYIAPHOI 1O
II,, po3Mmimyroun CIiA-TIPOCKIII0
B,A,C,, He 3MiHIOIOYH ii PO3MIipiB,
y monosxenns B,'A,'C, // x.

B pe3ysbTaTi obepTaHHS
IomuHN TpukyTHHKa ABC, sxuii
3aiiMaB  IIOYaTKOBE  IIOJIOJKEHHS
(poHTATBHO-TTPOEKIIFOI0YOT
IUIOLIMHY, BIiH TIEPETBOPHUBCS B
TPUKYTHHUK A'B'CY, sxmit 3aiimac
TIOJIO>KEHHS TOPHU30HTAIBHOT
TUTOIIAHU PiBHS. A11B11C11 = H.B.
AABC.

5.3.1.4.Transformation a project
plane to a level plane

Condition of the problem: to
transform the frontal and project
plane of the triangle ABC into a
level plane (fig.5.16).

Solution:

Since the given plane s
perpendicular to II,, it can be
rotated to obtain the position of the
level plane around the axis
perpendicular to II,, placing the
trace- projection B,A,C,, without
changing its size, to position
B,!A'C,t 1/ x.

As a result of the rotation of the
plane of the triangle ABC, which
occupied the initial position of the
frontal and project plane, it
transformed into a triangle
A'B'C!, which occupies the
position of the horizontal level
plane. A;'B;’C;* =N.V. AABC.

Puc. 5.16.
IleperBopenus

C

"

NPOeKUil0I0Y 0l
IJIOUIMHHU B

B,

b

IUIOIIMHY PiBHA
Fig. 5.16.
Transformation a
project plane to a
level plane

\,

-1
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5.3.2. OGepranHsg HABKOJIO IBOX

5.3.2.Rotate around two imaginary

YSABHHUX Oceil 00epTaHHSs
5.3.2.1. [TepeTBOpEHHS OPSIMOT
3arajgbHOrO MOJ0KEHHS B
IPOEKIHIOI0YY MPIMY

YMoBa  3ajadi:  TEPETBOPUTH
NpsIMY 3arajbHOrO MOJOXeHHS AB
y TOPU30HTAIILHO-NIPOEKIIIIOI0YY.

Po3B’s3yBaHHs:

3anauda pO3B’SA3YyEThCA B
pe3ynbTati 2 obepranb. OCKIJIbKH Yy
TOPU30HTAJIBHO-TIPOCKLIIOI0TY
mpsAMy  MOXE  IIEPETBOPHUTHCA
¢poHTaTPHA TpsAMa  pIBHA B
pe3ynbTati i 0OqHOTO 00epTaHHs, TO
CIOYATKy TIOTPIOHO TIEPETBOPUTH
IpsSMY 3arajbHOTO TIOJIOXKCHHS Y
(poHTATBHY IPSAMY PiBHA

1 obepranns: po3Minryemo A;By,
HEe  3MIHIOIOYM  pO3MIpiB, B
monoxennss  A,'BY // x. B
pesynpTati 1 oOepraHHA mpsMa
3arajibHOro IOJIO’KEHHS AB
nepeTBopuiiacs y GpoHTAIbHY
npsmy pisas A'BY.  O6epranus
3MIHCHEHO HAaBKOJIO VYSBHOI OCi,
nepHeHAnKyIsipHOi 1o I1;.

2 oGepranms: posmimyemo A,'B,t,
HE  3MIHIOIOYH  pO3MIpiB, ¥y
TTOJIOKEHHS AZZBZ2 1 x. B

pe3ynbpTati 00epTaHHSA (QpOHTANBHA
npsima A'B! neperBopuyiacs y
TOPU30HTAJIBHO-TIPOEKLII0I0TY
npsimy A’B?. Obepranms 31ificHeHO
HaBKOJIO ySIBHOT oci,
nepreHIuKysipHoi 1o I1,.

axis of rotation
5.3.2.1.Transformation a straight
line of general position to a project
line

Condition of the problem: to
transform the straight line of general
position AB into the horizontal and
project line.

Solution:

The poblem is solved as a result of
2 rotations. Since the front straight
level can be transformed in the
horizontal and project straight line
as a result of its single rotation, then
it is first necessary to transform
straight line of general position to
the frontal straight line

1 rotation: place A;B;, without
changing the size, in the position
A'B.* /] x. As a result of 1 rotation
of the straight line of general
position AB transformed into a
frontal level line A'B*. The rotation
is made around an imaginary axis
perpendicular to I1;.

2 rotation: place A,'B,', without

changing the sizes, to position
A,°B,? L x. As a result of rotation,
the front straight line A'B!

transformed into a horizontal and
project straight line A’B% The
rotation is made around an
imaginary axis perpendicular to I1,.
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A

Puc. 5.17. [lepeTBopeHHsI NPSMOI 3arajibHOr0 MOJIOKEHHS B
MPOEKUilnIYy NpaMy
Fig. 5.17. Transformation a straight line of general position to a project line

5.3.2.2. TlepeTBOpEHHS IUIOMKUHU
3araJIbHOrO MOJIOKEHHS B IUIOLIUHY

5.3.2.2.Transformation a plane of
general position to a level plane

piBHA
YMoBa  3amadi:  NEPETBOPHUTH

mwiouMHy TpukyTHuka ABC, mo
3aiiMae 3arajJibHe MOJOXCHHS, Y
TOPU3OHTAJIbHY UIOLIUHY PiBHSI.

Po3B’s3yBanus (puc. 5.18):

3amada PO3B’A3yETHCSA B
pe3ynbrati 2 obepranb. OCKiJIbKH Yy
TOPU30HTAJbHY IUIOIIMHY  PIBHS
MOJ€E NEePETBOPUTHUCS (HPOHTAIBHO-
MIPOEKIiI0I0Ya IUTOIIMHA B
pe3ynbpTaTi OMHOTO 11 00epTaHHs, TO
CIOYATKy TIOTPIOHO TePETBOPUTH
IUTOLIMHY 3arajbHOTO IOJIOKEHHS Y
(pOHTATLHO-TIPOCKIIIOI0YY.

1  obGepranHs: B  IUIOMIMHI
TpukyTHEKa ABC  mpoBogmmo
ropu3oHTanbHy  Tpsimy h i
obepraemo il pa3oM 3 TPUKYTHUKOM
10 nostoskeHnst, ko h LTI, Jlis

Condition of the problem: to
transform the plane of the triangle
ABC, which occupies the general
position, into the horizontal level
planel.

Solution (fig. 5.18):

The problem is solved as a result of
2 rotations. Since frontal and project
plane can be transformed in the
horizontal level plane the as a result
of one of its rotation, it is first
necessary to transform the plane of
the general position to the frontal
and project plane..

1 rotation: in the plane of the
triangle ABC we draw a horizontal
straight line h and rotate it together
with the triangle to the position
when h L II,. To do this, in the
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poro Ha emtopi hy pasom 3 A;B;C;
posmimtyemo y monoxenns hy' L x.

B pesymerati 1 obepTaHHS
TPUKYTHUK ABC 3alHsB
NIOJIOKEHHA TPUKYTHHUKA A'B'CY
IUTOLIMHA SIKOTO TEpIEHANKYJISIpHA

po Il La - KyT Haxuily
wromuHN TpukyTHKa ABC 1o
I1,.06epTanHs 37ificCHEHO HABKOJIO
ysSBHOI OCi, NMEpHEeHIMKYJISPHOI 10
;.

2 o0epTaHHS: PO3MIIIYEMO CIif-
MIPOCKITiF0 B,'A,'C,! y TOJOXECHHS
B AYC,? /I x. B pesymbrari
obepranns  tpukythuk  A'B'CY,
IUTOLIMHA SIKOTO 3aiiMana
(pOHTATBHO-TIPOEKIIIFOI0YE
NOJIOKEHHS,  ITIEPETBOPHUBCSI Y
TPUKYTHUK A?B2C?, mommua sKoro
3aiiMae MOJI0KEHHS TOPU30HTAIBHOI

epure hl, together with A;B;Cy,
place in position h;" L x. As a result

of 1 rotation, the triangle ABC
occupied the position of the triangle
A'B'C',  whose  plane s
perpendicular to IT,. Z q is the
angle of inclination of the plane of
the triangle ABC to IT;. The rotation
is carried out around an imaginary
axis perpendicular to I1;.

2 rotations: place the trace-
projection B,'A,'C,' in position
B,?A*C,2 Il x. As a result of the
rotation of the triangle A'B'CY,
whose plane occupied the frontal
and project position, transformed
into a triangle A’B2C?, whose plane
occupies the position of the
horizontal level plane. AA,'B,'C," =
N.V. AABC. The rotation is made

miomunn pias. AA,'B,'C,t = HB. | around  an  imaginary  axis
AABC. OGeprauust  3miiicaeno | perpendicular to IT,.
HaBKOJIO ySIBHOI oci,
NepreHuKyasipHoi 1o I1,.
B, B;
b,
A, 1, h, “/ A, B, A, C;
—— (4 C;
| = ] 1
A A,
A, 1 2
\zcl H.B.AABC
1, >h,
B -
Bl 1 T 1
Hl 1, (:«lI C:

Puc. 5.18. IlepeTBopeHHsI IUIOMIMHM 3araJIbHOTO MOJI0KEHHSI B IIOIIUHY
piBHs
Fig. 5.18. Transformation a plane of general position to a level plane
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Hapucna reomerpis. Po3xin 6.
HoBepxni. Touka Ha noBepxHi

6.1. bararorpaHHuKH Ta iX
300paskeHHS

BaraTorpanHukamu Hazu-
BalOTbCS T€OMETPUYHI TiNa, sKi
oOMeXeHi  TJIOCKUMHU  OaraTo-
KyTHUKaMu _  Tpansmu (puc. 6.1,
6.2).

Enementn OaratorpaHHuka:
pebpa — JniHil mepeTHHy TpaHei Ta
BEPIUIMHY — TOYKH IEPETHHY pedep.

3 Bemmkoi KiJdbKOCTI Oarato-
TPaHHWKIB TPaKTUYHAH 1HTEpec
CTaHOBIIATH mmipaminu (puc.6.1) Ta
npusmi (puc.6.2).

300paxeHHs ~ OaraTorpaHHHKA
3BOJIUTHCSL /IO 300payKeHHS #Oro
pebep Ta BepIIHH.

Jlinist, sika OOMEXKY€e MPOCKIIi0

Descriptive geometry. Chapter 6.
The point on the surface

6.1. Polygons and their forms

Polygons are geometrical figures
that are closed by the plane
polyhedrons — faces. (Fig. 6.1, 6.2).

Elements of the polygon are:
edges are intersections of the faces,
and vertices are intersections of the
edges.

From the huge amount of
polygons, the most interesting in
practice are pyramids (Fig. 6.1) and
prisms (Fig. 6.2).

Drawing of a polygon implies
drawing its edges and vertices.

The line that closes the projection
of the polygon is called the contour of
the polygon surface. The contour of
the surface is always a visible line, it

OaraTorpaHHHKA, HA3UBAETHCS
obprcom MTOBEPXHI
OararorpanHuka. OOpHC TOBEpXHi
— 3aBXOM BUIUMA JIiHIA, BOHA
MO3HAYAETHCS CYLIJTLHOO
OCHOBHOIO JTIHI€TO.

Ha pumc. 6.3 300paxkeHo
mipaminy ABCS, ne Ha

TOPU3OHTAJIbHIN MpoeKii 00prucom

is marked by a solid base-line.

In Fig. 6.3 a pyramid ABCS is
shown, where the contour is the line
ABiCiA; on the horizontal

e muis  AB;CiA;, a ma | projection, and the line A;B,S,A, on
¢ponransHii mpoekuii — inig | the frontal projection.
AszszAz.

Touka i mpsama JiHis  Ha The point and the rectilinear line
IIOBEPXHI Gararorpannuka | on the surface of the polygon is

BU3HAYAETHCS TaK, K 1 B IJIOIIKHI.

Ha puc. 6.3 Touka 1 Hanmexurtsb
pedpy AS, ne ropu3OHTAIBHY

determined in the same way as in the
plane.

In Fig. 6.3 the point 1 belongs to
the edge AS, where the horizontal
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3HAMJEHO 3a
MPOEKIiTHOTO

MPOCKII0  TOYKU
JOTIOMOTOI0  JTiHi1
3B’S3KY.

Touka 2 Hamexuts pedpy SC,
pOTE TOPU3OHTAIBHY MPOEKINIO
TOYKH BHU3HAYUTU 32 JOMOMOTOIO

TiHii MIPOEKIiTHOTO 3B’SBKY
HEMOXJIHBO, OCKimbku SC  —
BiZpi30ok  mpodinbHOI  TPsAMOI,

napajensHoi g0 IwomwmHu 73 (Y
i€l nmpssMoi mpoekuii po3MilieHi Ha
OJIHIH JiHIT, TePHICHIUKYISAPHIN 10
oci x). B npmanomy Bumanmky
TOPU30HTANbHY  IPOEKHil0  2;
3HAMJICHO 3a JONOMOTOI0 IPSIMOI
23, sxy mpoBeneHo B rpaHi ASC
MipaMigy TapajersHO 10 CTOPOHHU
AC OCHOBH i TOMY € TOPH30HTAILITIO
h.

Touka K nexwurs y cepenusi

rpani BCS i 1 ¢poHTanbHy
npoekuito K,  3Halimeno  3a
JIOIIOMOTI 00 npsMoi S6,

nposezeHoi B rpani BCS. Touka K
po3mimeHa Ha mpsaMid S6 Tpani
BCS i ToMy HaJeXuTh HOBEpXHi
ipaMifH.

Ha puc. 6.6 300paxeHo
TPUKYTHY TIPU3MY, HIDKHS OCHOBA
SIKOT napaJesibHa JI0
TOPU30HTAIILHOL IUIOLMHU
NPOEKLIH, a BEpXHIO OCHOBY He
mokazano. Bimoma (QpoHTanbHA
mpoekmiss K, Toukm K, mpo
3HAXOJUTHCS HA TIOBEPXHI MPHU3MH.
Ockinbku K, € BUAMMOIO0, TO TOUKa
K 3HaxomuThcs B TpaHi NpHU3MHU,
mo npumukae 10 cropou AC.
lopusonTaneHy  mpoeknito  Kj
3HAMJICHO 3a JONOMOroI0 NPsIMOI
K1, mo npoBeneHo napanensHo 10

projection of the point was
determined by the line of the project
connection.

The point 2 belongs to the edge
SC, however, the horizontal
projection of the point cannot be
determined by the line of the project
connection because SC is the line
segment of the lateral line which is
parallel to the plane =3 (this line has
projections located on one line which
is perpendicular to the axis x). In this
particular case we determine the
horizontal projection 2, by means of
the straight line 23 which is drawn on
the face ASC of the pyramid parallel
to the side AC of the base and thus it
is horizontal h.

The point K lies inside the edge
BCS and its frontal projection K, has
been determined by the line S6 drawn
on the face BCS. The point K is
located on the line S6 of the face
BCS thus it belongs to the surface of
the pyramid.

In Fig. 6.6 triangular prism is
shown, its lower base is parallel to
the horizontal plane of projections
and its upper base is not shown. The
frontal projection K, of the point K is
given. It is located on the surface of
the prism. Since K; is visible, then the
point K is located on the face of the
prism that is adjacent to the side AC.
Horizontal projection K, has been

determined by the line K1 which is
parallel to lateral edges of the prism.
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Bepwuna

Pedpa SN

OcHoba

Pedpa '
biyHa 2paHb

Puc. 6.1. Haoune 300paskenns nipamian
Fig. 6.1. A visual image of the pyramid

Puc. 6.2. Haoune 300paskeHHs NIPHU3MHU
Fig. 6.2. A visual image of the prism

Puc. 6.6. Enrop npusmu
Fig. 6.6. The epure of the prism

; (Sz

Puc. 6.6. Eniop mipamiau
Fig. 6.6. The epure of the pyramid

Puc. 6.5. YrBopennst
KOHIYHOI MoBepxHi
Fig. 6.5. Constructing of a
conical surface

Puc. 6.6. Enop noxujioro Kpyroporo Konyca
3 MPOeKUisiMH 00PUCOBUX TBIPHUX
Fig. 6.6. The epure of the oblique circular cone
with projections of the contour generatrices
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0iyHuX pedep NpU3MH.

6.2. KpuBi moBEpXHI Ta 1X
300paskeHHS

Kpusi MTOBEPXHI MOJKHA
po3risaaTH K CYKYITHICTb
Oe3rnepepBHUX IMOJIOXKEHb JIiHii, 10
Ha3MBAETHCS TBIPHOIO, sIKa
MEPEeMINIYETECA O  HAMPSMHIN
JiHiT. 3aJeXHO Bif BUAY TBIpHOI
KpHBI MOBEPXHI MOAUIAIOThCS Ha 2
KJIacH: JiHii4acTi (TBipHa — mpsMa
JiHIA) Ta  HemiHidgacti  abo
KpHUBOJIiiHI (TBipHa — KpHBAa JiHIs).

6.2.1. KoHiyHa MOBEPXHS

KoniuHa  moBepxHs - 1€
niHiifiyacTa MIOBEPXHS, o
yTBOPEHA pPYXOM HPSMOINiHIIHOT
tBipHOi | (puc. 6.5) y3m0BXK

KpHBOJIiI{HOT HampsIMHOT M, 1 siKa B
yCiX CBOTX MOJIOKEHHSX IIEPETHHAE
HanpsiMHy, nipraomy Bei TeipHi (I,
12, Pi T.JI.) IEPETHHAIOTHCS B TOUII
S, sika Ha3UBAETHCS BEPLIMHOI.

KpuBi  moBepxHi, 30Kpema
KOHIYHi, 300pakyIOThCS Ha
IUIOIIMHAX  TPOEKIIA  CBOIMHU

oOprcamMu MOBEPXHi.

Ha puc. 6.6 300paxeno odpucu
TEOMETPUYHOTO Tila — TIOXHIOTO
KPYyroBoro KkoHyca (edinTHYHOTO
KOHyca), OOMEXEHOro KOHIYHOIO
MIOBEPXHEIO 1 IIOIUHOIO (OCHOBOIO
KOHYca), 110 IIePEeTHHAE BCl TBIpHI
MOBEPXHI, TPHYOMY JIHIT M

6.2. Curved surfaces and their forms

Curved surfaces can be identified
as the unity of infinite positions of the
line called generatrix, which moves
along the directrix. Depending on the
type of generatrix, curved surfaces
can be divided into 2 classes: ruled
surfaces (the generatrix is the straight
line) double-curved surfaces (the
generatrix is the curve).

6.2.1. Conical surface

Conical surface is a ruled surface
formed by the motion of the
rectilinear generetrix | (Fig. 6.5)
along the curved directrix m. The
surface in its all positions intersects
directrix, while all generetrices (I*, I?,
I* and so on) intersect in the point S,
called vertex.

Curved  surfaces, particularly
conical, are drawn in the planes of
projections by the contours of the
surface.

In Fig. 6.6 the contours of the
geometrical figure are shown, i.e. an
oblique circular cone (elliptical cone),
closed by a conical surface and the
plane (the base) which intersects all
generatrix surfaces, whilst the line m
is called the base line of the cone.
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Ha3UBAETHCS JIHIEI0

KOHYCa.

OCHOBH

Ha puc. 6.6 mokazano mpoexkuii
obpucosnx tBipEmx I', I* (ma
dporTansmiii mpoekii) i I, I° (ua
TOpPM3OHTANbHIM  mpoekmii).  Lli
TBIpHI MPOXOJATH Yepe3 BEpIINHY
S i mepeTUHAIOTS JIiHIF0 OCHOBU M B
TOYKaX 10, 20, 30, 6°.

Touku miHIT OCHOBM M, Yepes
SKi TIPOXOIATH OOPHCOBI TBIpHI,
JUIATH JIIHIFO OCHOBH Ha BHIUMY Ta
HEBUAUMY 4YacTMHH. Tak, Ha
TrOPH30HTATBHIN mpoekmii TipHi I°
i I° jimate  ropH3OHTANBHY
MPOEKITI0 M; B TOYKaX 310 1 610 Ha
BUIMIMY Ta HEBHIUMY YaCTHHH.

ITokaxxemo, K  BHU3HAYUTH
BUIUMICTB TBIpHUX Ha puc. 6.6.

Ha ropusonTanpHi# mpoekiii
TBIpHI, L0 MEPETHHAIOTH JIHIIO
ocHoBH Mixk Toukamu 310 - 2,° 6;°
— HEBUIMMI (mepeTHHAIOTH
HEBUUMY 3BEpXy YACTHHY IiHIii
OCHOBH M), a MIXK TOYKaMHU 310 - 110
- 610 — BUIUMI.

TBipHi, SKi HA TOPU3OHTAIBHIN
NPOEKLiT  NEepPeTUHAITh  JIHIIO
ocHOBH M mix Toukamu 1,° - 3,° -
2,°, ma poHTamBHIN mpoeKii
BHIMMI, a Ti  TBipHi, fKi
MEPETUHAIOTh JIHIF0 OCHOBH MiX
toukamu 1,° - 6;° - 2,°, — HeBHmUMI.

Tak, Ha puc. 6.7 mnoKa3aHO
BUJIUMICTh TBIPHHX P i I6, Akl
IIPOBEJICHO y CepesIHI 00pHUCy

In Fig. 6.6 the projections of the
contour generatrices I, I* (on the
frontal projection) and I¥, I°® (on the
horizontal projection) are shown.
These generatrices cut through the
vertex S and cross the base line m in
the points 1°, 2°, 3°, 6°.

The points of the base line m that
are crossed by the contour
generatrices cut the base line into
visible and invisible parts. Thus, on
the  horizontal  projection  the
generatrices I° and 1° cut the
horizontal projection m; in the points
3,° and 6,° into visible and invisible
parts.

Let’s show how to define the
visibility of the generatrices in Fig.
6.6.

In the horizontal projection the
generatrices that cut the base line
between the points 3,° - 2,°- 6,° are
invisible (they intersect the invisible
upper part of the base line m) and
between the points 3;° - 1,° - 6,° are
visible.

Generatrices that cut the base line
m in the horizontal projection
between the points 1,° - 3, - 2,° are
visible in the frontal projection, and
the generatrices that cut the base line
between the points 1,° - 6,° - 2,° are
invisible.

Thus, in Fig. 6.7 the visibility of
the generatrices I°> and I° are shown.
They are drawn inside the surface
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Puc. 6.7. Enop noxujioro
KPYIoBOro KOHyca 3
MpoeKNisiIMH TBipHHUX,
TPOBE/ICHUX Y cepeluHi 00pucy
Fig. 6.6. The epure of the oblique
circular cone with projections
drawn inside the contour

Puc. 6.8. Enop noxujoro
KPYroBOro KoHyca 3
NPOEKUiSIMU TOYOK, IO JIEXKATh
Ha 00PUCOBHX TBIpHUX
Fig. 6.8. The peure of the oblique
circular cone with projections of
the points that lie on the contour

generatrices

Puc. 6.9. ITpoexuii Touku A,
3a3Ha4eHoi y cepeauHi odpucy
MOXHJIOT'0 KPYroBoro KOHyca
Fig. 6.9. The projections of the
point A marked inside the
contour of the oblique circular
cone



MTOBEPXHI.

Touka HaJNEXUThH
30KpeMa KOHIYHIM, SKIIO BOHA
3HAXOIUTHCS Ha  mHIl el
moBepxHi. Touka Ha KOHIUHIN
MTOBEPXHI BU3HAYAETHCS 3a
JIOTIOMOT OO0 TBipHOI, 11 (0)
MPOXOAUTh 4Yepe3 M0  TOUKY,
NepeTUHAIOYH BEpUIMHY S 1 JIiHIIO
OCHOBH M.

Toumi, sxa JEXUTh Ha
00pHCOBIl  TBIpHIH, BiAMOBiTAE
OJIHA TOYKa TMOBEPXHI KoHyca. Tak,
Ha puc. 6.8 mokazaHO mpoeKIii
Touok 1, 2, 3, 6, mo Jexarb Ha

BIINOBITHUX OOPHCOBUX TBIpHHUX
12818
1 1 1 .

TTOBEPXHI,

SIkiio JHIA OCHOBH [3
3aMKHCHOIO JIiHI€I0, HANPHUKIA]
KOJIOM, TO TOYKa, WO 3aJaHa Ha
OJIHIH TpoeKIii y cepenuHi 0Opucy,
BHU3HAYAE TIOJIOKEHHS J[BOX TOYOK
MTOBEPXHI T€OMETPUIHOTO Tija.

Tak, Ha puc. 6.9 Toumi A, mpo
3a3Ha4YeHa y CepeArHi o0pHcy Ha
(dpoHTaNBHIN MIPOEKIIil,
BiJINIOBIJAIOTh JBI TOYKH MOBEPXHi
Ali A% ppouTaneHi poeKIii KX
36irafotees (A =A,Y). i Touku
nexare ma TBipEmx I° i I
Bumumicte Touok Al i A% na
TOPU30HTAIBHIN MPOEKIIiT
131H3};aqua 3a BHJIUMICTIO TBipHHX
Fils

6.2.2. llnniHapUYHA TOBEPXHS

LuniHApUYHA TMOBEpXHS - Le
JHIHYacTa MOBEPXHS, sIKa
YTBOpEHA TapajJelIbHUM PYXOM

particularly to the conical surface, if
it is located on the line of this surface.
The point on the conical surface is
determined by the generatrix that cuts
through this point, intersecting the
vertex S and the base line m.

The point which lies on the
contour  generatrix ~ has  one
corresponding point of the cone
surface. Thus, in Fig. 6.8 the
projections of the points 1, 2, 3, 6 that
lie on the corresponding contour
generatrices I, I, I°, 1° are shown.

If the base line is a closed line, for
example, a circle, then the point
determined on one projection inside
the contour, defines the position of
two points of the geometrical figure
surface.

Thus, in Fig. 6.9 the point A,
marked inside the contour on the
frontal projection, has two
corresponding points of the surface
A' and A? whose frontal projections
coincide (A,? =A,"). These points lie
on generatrices I' and % The
visibility of the points A* and A? on
the  horizontal  projection s
determined by the visibility of the
generatrices I' and I2.

6.2.2. Cylindrical surface

Cylindrical surface is a ruled
surface which is formed by the
parallel motion of the rectilinear

generatrix | (Fig. 6.10) along the
double-curved directrix m, whilst all
generatrices (I*, I, I and so on) are
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npsModiniitHoi TBipHOI | (puc. 6.10)
Y3I0BXK KPUBOIIHHOI HANIPSIMHOL M,

TPUYOMY BCi TBipHi (Il, 12, I*i T.01.)
mapajenpHi  MDK  coboro i
NEPETUHAIOTh HAMPAMHY M B

TOYKaX 10, 20, 3%t

Ha puc. 6.11 nokazano obpucu
MOXUJIOTO  KPYTOBOTO  ITWITIHApA
(eminTHYHOTO  LWIIHApA), JIHIA
OCHOBH SIKOTO — KOJIO (BEPXHIO
OCHOBY IIWJTIHZpa HE Mmoka3aHo). Ha
puc. 6.11 300paxkeHo mpoeKIii
00pUCOBUX TBIpHUX [ R R P
mpoekmii Touok 1, 2, 3, 6, mo Ha
HUX 3HAXOMATKCS, a Ha puc. 6.12 —
MIPOEKIIl TOYKK A, IO po3MilieHa
y cepenuHi oOprHcy.

Cunif 3a3Ha4YUTH, [0 BHAUMICTH
TBIpHHUX Ta TOYOK HA IMTIHAPUIHIH
MOBEPXHI BHU3HAYAETHCS TaK CaMo,
SIK 1 U1 KOHIYHOI.

6.2.3. IToBepxHa Kyi (cdepa)

IoBepxust kym (chepa) — e
HeNiHIYacTa MOBEPXHS, YTBOPEHA
o0epTaHH;IM KOJIa, K€ € TBIPHOIO,
HaBKOJIO OcCi, o 30iraerbcs 3

IiaMeTpoM Koila, 1 po3MimieHa
MIEPIICHANKYIISIPHO bi(s)
TOPU30HTAIILHOI IUIOLMHU
MPOEKLiT.

Jlimismu oOpucy cdepn Ha

TOPU30HTATIBHUX Ta (POHTAIBHHUX
IUTOIIMHAX MPOEKIiH € KoJa.

Ha puc. 6.13 nokazano obpucu
TIOBEPXHI KyJli, ¢ 3a3HaueHo: i —
Bick obepranus (i L m), I —

ToJIOBHWM Mepufian  (oOpuc

parallel to each other and intersect the
directrix m in the points 1°, 2°, 3° and
S0 on.

In Fig. 6.11 the contours of the
oblique circular cylinder (elliptical
cylinder) are shown, its base is a
circle (the upper base of the cylinder
is not shown). In Fig. 6.11 the
projections of the contour
generatrices I, I, I, I® are given as
well as the projections of the points 1,
2, 3, 6 that are located on them. In
Fig. 6.12 the projections of the point
A located inside the contour are
shown.

It should be noted that the
visibility of the generatrices and the
points on the cylindrical surface are
determined in the same manner as on
the conical one.

6.2.2. The surface of the globe (the
sphere)

The surface of the globe (the
sphere) is a double-curved surface
formed by the revolution of the circle
around the axis. This circle is the
generatrix and the axis coincides the
diameter of the circle and is
perpendicular to the horizontal plane
of projection.

Circles are the lines of the sphere
sketch in the horizontal and frontal
planes of projection.

In Fig. 6.13 the contours of the
globe are shown, where i is the axis
of revolution (i L =), I"is the

principal meridian  (the sketch of
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123

Puc. 6.10. YTBOpeHHs
IMTIHAPUYHOIT MOBEPXHi
Fig. 6.10. Construction of

cylindrical surface

Puc. 6.11. Enop noxujioro
KPYTroBOTI0 IITiHApA 3
HpoeKlliﬂMl/l TOYOK, 11O
JIeKaThb Ha Oﬁpl/lCOBl/IX

TBipHUX
Fig. 6.8. The epure of the
oblique circular cylinder with
the projections of the points that
lie on contour generatrices

Puc. 6.12. IIpoekuii Toukn A,
3a3HA4YEHOl y cepeuHi 00pucy
MOXHJIOI0 KPYroBoro
IMIIiHApa
Fig. 6.12. The projections of the
point A marked inside the
contour of the oblique circular
cylinder



m;

el

m,

Puc. 6.13. Entop noBepxHi KyJi 3
npoexkuisivu To4ok 112 Ha
00pHCOBHX JIiHIfX
Fig. 6.13. The epure of the surface
of the sphere with projections of
the points 1 and 2 on the contour
lines

Puc. 6.16. ITodyaoBa npoexuiii TOUKH
A 3a 10110MOr 010 napaiei m
Fig. 6.16. Construction of the
projections of the point A by the
parallel m

Puc. 6.15. IToGynoBa mpoexmii
TOYKH A, 3a3Ha4eHOi y cepeuHi
00pucy noBepxHi KyJi

Fig. 6.15. Construction of the
projections of the point A, marked
inside the contour of the sphere
surface
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MOBEPXHI Ha IUIOMMHI Tp), M’ —
ekBaTtop (oOpmc TOBEepXHI Ha
IUIOIIMHI 7;), a TaKOX MPOEKIil
ToukH 1, o Hanexuts |, 1 Toukn
2, 10 HAJEKUTH M’

[ToBepxHS Kyl € TOBEPXHEIO
obepraHHs, TOOTO TOYKAa MOBEPXHi
npu o0epTaHHI KyJl OMHCYE KOJIO
BiTHOCHO oci obepTanHns. Lli xoma
Ha3MBaIOTHCS napanessiMu
noBepxHi obOepranHs. Haiibinbma
napasesb — 11e eKBaTop.

Ha puc. 6.16 mnokasano, 1m0
Touka A mpu obepraHHI KyIi
ommcye Koimo M pamiyca R.
Ockinbku IUIOIINHA KoOJIa
napajenbHa IUIOMMHI T, TO KOJIO,
SK€  Ha3MBAE€ThCS  Mapajeluo,
MIPOEKLIIOETHCS HA Ty B HATYpaJIbHY
BEJIUYMHY.

Touka Ha mHOBepXHI Kyii, sKa
3HaXOMMUTLCS y CepeinHi 00pucy,
BU3HAYAE IIOJIOKCHHS JBOX TOYOK
MTOBEPXHI i Oymyerbes  3a
JIOIIOMOTOI0  Iapajieneil MoBepxHi
KYJi.

Tak, ma puc. 6.15 Touka A,
3a3HaYCHa Y CepeAmHi O00pucy
chepu, BU3HAYAE TIOJNOKEHHS JTBOX
touok A’ i A? nosepxmi Ky,
MPUYOMY TOPH30HTAJIBHI IPOEKIT
Al i AP nmoOymoBaHi  3a
JIOIIOMOTOX0 Tapajesni m paniyca R.

6.2.6. TToBepxHsl npsiMOTO
KPYTOBOTO KOHyca

[ToBepxHs NPSIMOTO KpPYyroBOTO
KOHyca yTBOpeHa oOepTaHHSIM
TPSMOJTIHIHOT TBipHOT |
(puc. 6.16) HaBKoII0 OCi i, O

point 1 that belongs to I", and the
point 2 that belongs to m® are also
noted.

The surface of the sphere is the
surface of revolution, i.e. the point of
the surface when revolving forms a
circle against the axis of revolution.
These circles are called parallels of
the surface of revolution. The greatest
parallel is the equator.

In Fig. 6.16 we can see that, when
the sphere is revolving, the point A
forms a circle m of the radius R.
Since the plane of the circle is
parallel to the plane =y, then the circle
called parallel is projected on =y in its
true size.

The point on the surface of the
sphere, located inside the contour,
determines the position of two points
of the surface and is constructed by
the parallels of the surface of the
sphere.

Thus, in Fig. 6.15 the point A,
noted inside the contour of the
sphere, determines the position of
two points A' and A? of the surface of
the globe, whilst the horizontal
projections A;' and A are
constructed by the parallels m of the
radius R.

6.2.6. The surface of the right

circular cone

The surface of the right circular
cone is formed when rectilinear
generatrix | is revolving (Fig. 6.16)
around the axis i, which is
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Puc. 6.17. Enop npsiMmoro KpyroBoro
KOHYCA 3 MPOeKUisIMH TOYOK Ha
00puCcOBHX TBipHHUX i Ha JiHII 0CHOBH
Fig. 6.8. The epure of the right circular
cone with projections of the points on the

Puc. 6.16. YTBOpeHHs NOBEPXHi
NPsIMOr0 KPyroBoro KoHyca
Fig. 6.16. Construction of the

surface of the right circular cone

AR/ Dt

Puc. 6.18. Emop npsivoro
KPYroBOro KOHyca 3 NpoeKuisiMu
Touok A'i A% Bi3HAUYeHNX 3a
J0TOMOT 010 napaJiei m*

Fig. 6.18. The epure of the right
circular cone with projections of the
points A* and A?, determined by the
parallel m*

contour generatrices and on the base
L)

J 15(2,)

0 [1423)

Puc. 6.19. Enop npsimoro
KPYroBOro KOHyca 3 npoeKuisiMmu
To4oK 1 i 2, BU3HAYEHHX 32
J0MOMOT0I0 TBipHHX 2
Fig. 6.19. The epure of the right
circular cone with projections of the
points 1 and 2, determined by the
generatrices I*and I?



MepHEeHANKYJISIpHA A0 IUIOIUHH T,
i € BHCOTOIO KOHyca. JSIKimo
MOBEPXHIO NPAMOTO  KPYrOBOTO
KOHyca IEpeTHYTH IUIOLIMHOIO,
mapajenpbHOI0 JO0 Ty, TO IIHIEO
OCHOBH M KOHYyCa Oyze KoJo.

Ha puc. 6.17
NpsSIMUH ~ KpYroBud KoHyc abo
KOHYC o0OepTaHHs, Ha TOBEpXHi
SIKOTO 3a3HayueHi Mmpoekuii To4ok 1 i
2, IO JeXaTh Ha OOPHUCOBUX
mipux I' i 1% a Takox mpoexuii
TOYOK 3 1 6, IO 3HAXOAATHCS Ha
JHIT OCHOBH M.

OCKUTBKM 11 TOBEpPXHA €
MOBEPXHEI0 OOEPTaHHsS, TO TOUKY
Ha TIOBEpXHI KOHyca o0OepTaHHS
MOKHa BH3HAYHMTH 32 JOIOMOTOIO
napa’eri. Ha puc. 6.18
ropu30HTAIbHI mpoekiii Touok A’ i
A? Busmaueni 3a  JOMOMOrOKO
napasemi m',

Touky Ha TIOBepXHi TakKoro
KOHYyCa MO’KHA BHU3HAYHUTH TAaKOXK 1
3a JIOTIOMOTOI0 TBIPHOI ITOBEPXHI.
Tak, wHa puc. 6.19 ropusoHTaIBHI
MpoeKIil To4ok | i 2 BU3HAUYeHi 3a
JIOTIOMOT'OF0 TBIPHHUX *il2,

300paKeHo

3BepHEMO yBary, IO TOYIII,
3a3HaueHiil y cepeluHi o0pHucy Ha
¢bpoHTanbHId  Mpoekuii  KoHyca,
BIIMOBIAAIOTH JIBI TOYKH MOBEPXHI

(puc. 6.18, 619).

plane parallel to 7t; then the base m of
the cone will be a circle.

In Fig. 6.17 the right circular cone or
cone of revolution is shown. On its
surface the projections of the points 1
and 2 are marked. They lie on the
contour generatrices I and 1% There
are also projections 3 and 6 located
on the base m.

Since this surface is the surface of
the revolution then the point on the
surface of the cone of revolution can
be determined by the parallel. In Fig.
6.18 the horizontal projections of the
points A' and A? are determined by
the parallel m*.

The point on the surface of such
cone can also be determined by
generatrix surface. Thus, in Fig. 6.19
the horizontal projections of the
points 1 and 2 are determined by the
generatrices I* and I,

Note that the point marked inside
the contour on the frontal projection
of the cone has two corresponding
points of the surface (Fig. 6.18, 6.19).
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Hapucna reomerpis. Po3mina 7.
ITepeTHH NOBePXOHb 3 MJIOLINHOIO

7.1. IlepeTnH moBepxHi
0araTorpaHHUKA 3 TUIONTHHOIO

Jlinisg TIEPETHHY MTOBEPXHI
OaratorpaHHUKa 3 IUIOIIMHOK —
IUIOCKUI 3aMKHEHUil 0araTOKyTHUK,
SKMH Moxe OyTh moOynoBaHHN
LIUIIXOM BU3HAYEHHS HOTO BEPIIMH SIK
TOYOK MEPETUHY pedep
OaraTorpaHHHUKa i3 3a1aHOI0
IUTOIIIHOIO.

Bumuvuvu  OyayTe Ti  CTOpOHH
MHOTOKYTHHKA JIiHII TepeTuHy, SKi

HaJIeXKAaTh BUIUMUM rpaHsIM
OaraTorpaHHHKa.
Ha pwmc. 7.1 3amMkHeHa JiHIA

ABCDA € niHi€lo epeTuHy Mpu3Mu 3
momuHo o. Yortupu BeplIMHHU
YOTHPUKYTHUKA  JIiHII  HEepeTuHy
BHU3HAYCHI SIK TOYKU MEPETHHY pedep
a, b, ¢, d npusmu 3 mronMHO0 o A =
aNa, B=bNa, C=cNa, D =dNa.

Descriptive geometry. Chapter 7.
Intersection of surfaces with a plane

7.1. Intersection of a polyhedron
surface with a plane

The line of intersection of the
polyhedron surface with a plane is a
flat closed polygon, which can be
constructed by determining its
vertices as points of intersection of the
edges of a polyhedron with a given
plane.

Visible are the sides of the polygon
of the intersection line, which belong
to the visible faces of the polyhedron.

In the fig. 7.1, the closed line
ABCDA is the line of intersection of
the prism with the plane a. The four
vertices of the quadrilateral of the
intersection line are defined as the
points of the intersection of the edges
a, b, ¢, d with the plane a: A =aNa, B
=bNa, C=cNa, D=dNa.

Puc. 7.1. ABCDA - ainis
nepeTuHy NPU3MH 3 IIOUIHHOIO 0
Fig. 7.1. ABCDA is the line of
intersection of the prism with the
plane a.
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SIkimo ciuHa IUIOIIMHA €
MIPOEKITIOI0Y0I0, TO OIHA MPOEKIis il
JMHIT TepeTHHY 3 IOBEPXHEI0
OaratorpaHHHKa 30iraeTscs 31

CJTITOM-TIPOEKIII€0 CIYHOT IIJIOIIHHH.
Ha puc. 7.2 mobynmoBana miHis
meperuHy — mipamigzu  ABCS 3
(pOHTATBLHO-TIPOCKIIIOI0Y0I0  ILIO-
LIMHOIO 0.

JliHief0o TepeTMHy € TPHUKYTHUK
123, ockineku Tpu OiuHi pebpa
mipamiay epeTHHAIOTh IUIOMIKHY .
TopuzonTansHi npoekwii 1; 1 33
OTPUMAHO 32 JIOIIOMOTOK  JIHIH
MPOEKIIITHOTO 3B’S3KYy, a TOYKY 2
BU3HAYCHO 3a JIOTIOMOT010
TOPHU30HTAILII 24.

If the cut plane is projective, then
one projection of its line of
intersection with the surface of the
polyhedron coincides with the trace-
projection of the cut plane.

In the fig. 7.2 a line of intersection
of the pyramid ABCS with the frontal
and project plane o was
constructed.

The intersection line is the triangle
123, since the three side edges of the
pyramid intersect the plane a.

Horizontal projections 1; and 3;
were obtained using lines of the
project connection, and point 2; was
determined using horizontal line 24.

Puc. 7.2. IlodynoBa ginii
NnepeTUHy mipamian
ABCS 3 ¢pponTanbHo-
NPOEKUilI0Y0I0 IIO0-
LIHHOIO 0.

Fig. 7.2. Constraction of
the line of intersection of
the pyramid ABCS with
the frontal and project
plane o
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Jliniero neperuny mipamian ABCDS 3
IUIOIIMHOIO ¢ € TIOCKUH I’ ATHKYTHHUK
12345,  OCKUTBKM  IUIOMIMHY O
MepeTHHAIOTh TpU OiuHi pebpa AS,
BS, DS Ta nBi cTopoHH NiHIi OCHOBH
BC i DC (puc. 7.3).

The line of intersection of the pyramid
ABCS with the plane o is the flat
pentagon 12345, since the plane a is
intersected by the three side edges of
the AS, BS, DS and the two sides of
the base line BC and DC (fig. 7.3).

Puc. 7.3. [loOynoBa JiiHil
neperuny mipamigu ABCS 3
IIJIOLIMHOKIO Ol
Fig. 7.3. Constraction of the line of
intersection of the pyramid ABCS
with plane a

JliHieto mepeTHHY TOpPU3MH 3 The line of intersection of the prism
IUTOIIAHOIO o € wrockuit | with the plane a is a flat quadrilateral
YOTHUPUKYTHUK 1234, ockimeku | 1234, since the plane a is intersected

IVIOIIMHY O IIEPETHHAIOTH YOTHPH
0igHi pedpa.

by four side edges

Puc. 7.4. ITo6ynoBa Jinii
TepeTHHY NPU3MH 3
TIOIMHOIO (L.

Fig. 7.4. Constraction of the line of
intersection of the prism with

plane a
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Skmo  ciYHOI  IUIOLIMHOIO €
IUIOIIMHA 3araJIbHOTO IOJIOXKEHHS, TO
U1 TOOYZOBH JIiHII TepeTHHY MOKHA
3aCTOCOBYBATH croci6 3aMiHA
IUIOIIMH TIPOEKILif, 3a JOIOMOTOI0
SAKOTO CiYHa IUIOIIMHA 3arajbHOTO
TIOJIOXKEHHS NIePETBOPIOETHCS y HOBIH
cUCTeMi  IUIOIIMH  TPOEKIid B
npoekuitorouy. lle mo3Bonse Tinbkn
3a JIOIIOMOTO0 JIiHIM IMPOEKUiHHOTO
3B’SI3Ky BH3HAYMTH HPOEKIIl JiHil
NepeTuHy y crapiil (3aaaHiii) cucremi
TUTOIIMH TPOCKIIIH.

Ha puc. 7.5 MTOKa3aHo
MEPETBOPEHHS TUIOLIMHU 3aralibHOro
IIOJIOKEHHS 0O, IO 3aJaHa JIHIIMU
piBHS, B TIPOEKLIIOIOYY IUIOIIUHY B
HOBIf CHCTEMi IDIOIIMH MPOCKIIH
IIy/Tl;, a Takox mOOymOBa HOBOI
MIPOEKIIT MPU3MH Ha TuIomuHi [14.

If the cut plane is the plane of the
general position, then to construct the
intersection line, one can use a
method of replacement of planes of
projections, with the help of which the
cutting plane of the general position
transforms into a new system of
planes of projections into the
projection. It allows only with the
help of the lines of the project
connection to  determine  the
projections of the intersection line in
the old (given) system of planes of
projections.

In the fig. 7.5 shows the
transformation of the plane of the
general position o given by the level
lines into the project plane in the new
system of planes of projections IT,/I1y,
as well as the construction of a new
projection of prisms on the plane T1,.

il
n

i \\

Puc. 7.5. IloGynoBa ainii
nepeTHHY NPHU3MH 3
MJIOIIMHOK 3arajbHOro
TIOJI0)KEHHS

Fig. 7.5. Constraction of the line
of intersection of the prism
with the plane of the
general position
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Ha puc. 7.7. moka3aHo moOynoBy
miHii mepermHy 1234 npusmu 3
[UTOII[MHOIO 3arajibHOTO MOJIOKEHHS 0O
(h*Nf*) 3a  pgomomororw  cnocoby
3aMiHH IUIOMIMH MPOEKIIii.

In the fig. 7.7 shows the
construction of a line of intersection
1234 of the prism with a plane of
general position o (haNfa) using the
method of replacement of planes of
projections.

Puc. 7.7. IlodynoBa Jainii nepernny 1234 npuzmMu 3 MJIOLIHHOIO 3arajiIbHOT0
noaoxennst a (h*Nf*)
Fig. 7.7. The construction of the line of intersection 1234 of the prism
with a plane of general position a (haNfa)

[obymoa minii mnepetmHy KMN
mipamimu  ABCS 3 IUIOIIMHOIO
3araJIbHOTO IOJIOKEHHS ¢, 10 3aJaHa
cmimamu h® i f* 3a nomomororo
croco0y 3aMiHM IUTOIIUMH MPOEKINH
(puc. 7.8).

Construction of the line of intersection
KMN of the pyramid ABCS with the
plane of general position o given by
the traces h" and f* using the
method of replacement of planes of
projections (fig. 7.8).
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Puc. 7.8. Ilo6ynoBa
ainii nepernny KMN
nipaminm 3
IJIOIIMHOI0
3arajJibHOro0
NOJI0KEeHHS

o (h°"Nf*)

Fig. 7.8. The
construction of the
line of intersection

1234 of the pyramid
with a plane of
general position

a (h%Nf°%)

7.2. Ilepetud KpUBOi NOBEPXHI 3

7.2. Intersection of the curved surface

IJIOIKWHOIO

Jdns  noOynoBu  IiHIT  mepeTUHy
KOHIYHO{ TOBEPXHi 3 IUIOMKHOO, SIK i
iHIIO! KpUBOI MOBEPXHi, BU3HAYAIOTH
TIPOEKIIiT OKpEeMHUX TOYOK IIiHil
MIepEeTHHY 1 IUIABHO X 3’€AHYIOTb.

Cepen XapaKTepHUX
(ocoOmMBHX) TOYOK JIiHII TEpeTHHY
BUIIIAMO TOYKHA BHIMMOCTI, SIKIi
3HAXOMATHCS Ha OOPHUCOBHX JIiHISAX

moBepxHi. B 1ux TOYKax MoOKke
3MIHIOBATHCS BUIUMICTh JIHIT
NEepeTHHY, KpHBa  JiHIA  MOXe

TIEPEXOUTH B IPSIMY JIHIO TOIIO.
SIKImo muomyHa, MO0 IEepeTHHAE

with the plane

To construct a line of intersection of
a conical surface with a plane, as well
as another curved surface, determine
the projections of individual points of
the intersection and smoothly connect
them.

Among the characteristic (special)
points of the line of intersection, we
distinguish the points of view that are
on the outline lines of the surface. In
these points, the visibility of the
intersection line may change, the
curve line can transform in a straight
line, and so on.
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KpPHUBY IIOBEPXHIO, NPOEKIiI00Ya, TO
OlHA TPOEKIS JiHIi TepeTHHy
30iraeTbcst 31 CHIIOM-TIPOCKINIEO
MPOEKIIOI0Y0] IUIONIMHA, a IHITY
TIPOEKITIT0 MOKHA 3HANTH 3a
JOTIOMOT OO TBIpHUX (I KOHIYHOT Ta
OWTIHAPAYHOI TIOBEPXOHB), a [UIA
MOBEPXOHb  Kyli  Ta  HPSMOro
KPYT'OBOT'O KOHYCA, SIKi € ITOBEPXHIMHU
obepTaHHS, 3a JIOTIOMOTOI0
napainenei, sKi IMpOEKUIIOIThCI Y
BUTJIAAI TMPOCTHX JIHIA — KUT Ta
MIPSIMUX JIHIH.

Ha puc. 7.8 mobyamyBaHo miHitO
NEepeTHHY  HOXWJIOTO  KPYTOBOTO
KOHyca (eNinTHYHOTO KOHyca) 3
(pOHTATHHO-TIPOCKIIIFOI0YOI0 TUTOMITH-
HOIO 0.

Po3B’a3yBanHs:

1. Ockinbku (pOHTaNIbHA MPOECKIIiS
JiHii nepeTuHy 30ira€Thes 31 CligoM-
MPOEKLIEI0 0, IUIOMIMHA €, TO Ha
¢bpoHTaNbHIH Tpoekuii BUOMpPAEMO
GbpoHTaIbHI MPOEKIii TOYOK JIiHIi
MEPEeTHHY 1 32 JOIOMOTOI0 TBIpHUX

KOHIYHOi TOBEpXHI 3HAXOAMMO IX
TOPHU30HTABHI MPOEKIIil.
Bu3HnauaeMo  xapakTepHi  TOYKH

JiHIT MepeTHHy — TOYKH, SKi JIeKATh
Ha o6pucoBux TBipHEX: le I', 2 ¢ 7, 3
e, 4 ¢l* s touok 112 CIIOYaTKy
¢bikcyeMo iX (pOHTaNbHI MPOEKIii, a
IOTIM 32 JOTIOMOTOI0 OOpPHCOBHX
meipumx  I' i 1? s3maxommmo  ix
ropu30oHTaNbHI mpoekmii 1; i 2;. B
Toukax 3; 1 4; Ha TOPU3OHTAILHUX
npoexuisx obpucoux TeipHEx I° i 1*
Oyne MIHATHCA BHIUMICTh  JIiHI{
NEepeTHHY, TOMY [UIi BH3HAYCHHS
MOJIOXKEHHA TOYOK 37 i 4; Oymyemo
dponTansri npoekwii TBipHux I° i I,

If the plane that intersects the
curved surface is project plane, then
one projection of the intersection line
coincides with the trace-projection of

the project plane, and another
projection can be found using
generatrices  (for  conical and

cylindrical surfaces), and for surfaces
of a sphere and a right circular cone
that are surfaces of rotation, using
parallels, which are projected in the
form of simple lines - circles and
straight lines.

In the fig. 7.8 a line of intersection
of an oblique circular cone (elliptical
cone) with a frontal and project
plane a was constructed.

Solution:

1. Since the frontal projection of the
line of intersection coincides with the
projection o, of the plane a, we
choose the frontal projections of the
points of the line of the intersection on
the frontal projection and, using the
generic conical surface, we find their
horizontal projections.

Determine the characteristic points
of the line of intersection. These
points that lie on the outline
generatries: 1e I', 2 ¢ 12, 3¢ P 4¢ I*
For points 1 and 2, first fix their front
projections, and then, using the
outline generatrices I' and I, we find
their horizontal projections 1, and 2;.
At the points 3; and 44, the horizontal
projections of the outline generatries
I* and I* will change the visibility of
the line of intersection, therefore, to
determine the position of the points 3;
and 4; we construct the frontal
projections of the generatries I° and I,
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(biKcyeMo 32 i 42 (32 = |230(12, 42 =
l,*Nay), a moTiM 3a KomoMoroo miHiit
MIPOEKIIITHOTO 3B’S3Ky 3HAXOAWMO Ha
131 TOPM30HTANBHI MPOEKIHi 3 i
4,.

2. TlopuzoHTaNBHI TIPOEKIIi1
MPOMDKHUX TOYOK 5 1 6 BH3HAYaEMO
3a gonomoroso TBipaux I° i 1° (Touka,
IO 3a3HayeHa B cepeAuHl o0pucy
KOHIYHOT MIOBEPXHI, BH3HaYae
MOJIOKEHHST ~ JIBOX TOYOK IOBEpPXHI,
ToMy Qikcyemo 5'=6).

3. OTpuMaHi TOPU3OHTAJIBHI
mpoekmii Touok 1,2,3,4,5,6 3’enayemMo
IUTAaBHOKO JIIHIEIO 3 YpaxyBaHHAM IX
BHANMOCTI — BHINMHMH OYAyTH Ti
TOYKH JiHIi IEPETHHY, SKi JIe)KaTh Ha
TBIpHHX, BUIMMUX Ha
TOPHU30HTAIBHIHN MPOEKIIi.

Touku 14, 5; € BuEUMHUMH, a
TOYKH 21, 6; — HEBUAUMHMH, B TOYKAX
31 1 44, Aki JekaTh Ha OOPHCOBUX
TBipHUX |3 1 |4, 3MIHIOETBCSI BUAMMICTB
JHIT HepeTuHy.

fix 32 and 42 (32 = |23ﬂ(12, 42 =
| ,*Nay), and then, using the lines of
the project connection, we find on
horizontal lanes 1;* and I,* the
horizontal projections 3; and 4 .

2. The horizontal projections of the
intermediate points 5 and 6 are
determined using the generators I° and
I° (the point indicated in the middle of
the contour of the conical surface
determines the position of two points
of the surface, so we fix 5 = 6).

3. Obtained horizontal projections of
points 1,2,3,4,5,6 connect a smooth
line, taking into account their
visibility - the points of the line of
intersection, which lie on the
generatries visible on the horizontal
projection, will be visible.

Points 1;, 5; are visible, and points
2, 61 are invisible, at points 3; and 44,
which lie on the outline generators I°
and 1*, the visibility of the line of
intersection changes.

Puc. 7.9. IlodyaoBa Jinii
NepeTUHY MOXHJI0ro KPyroBoro
KOHYCa 3 (PPOHTAILHO-
HpOQKIIilOlO'IOlO IVIOIUHOKO 0.
Fig. 7.9. The construction of the
line of intersection of an
oblique circular cone with a
frontal and project plane




Ha puc. 7.10 moOynoBaHo iHit0
HNEepeTHHY  HOXWJIOTO  KPYTOBOTO
muTiHApa (SMINTHYHOTO MWITIHApA) 3
(pOHTATHHO-TIPOEKII FOI0Y0I0
IUIOIIMHOIO 0.

Ilig gac po3p’s3yBaHHA Iii€i 3amadi
moTpiOHO BpaxoOBYBaTH, IO TBIipHI
LWJTTHIPUYHOI TTOBEPXHI MapaienbHi
MiXk c00010.

In the fig. 7.10 the line of
intersection of an oblique circular
cylinder (an elliptical cylinder) with a
frontal and project plane o was
constructed.

When solving this problem it is
necessary to take into account that the
created cylindrical surfaces are
parallel to each other.

Puc. 7.10. [To6ynoBa JiHii nepeTHHY MOXWJIOr0 KPYroBOro muJiiHapa 3
(GpoHTANBEHO-TIPOEKUIIOIYO0I0 MIOIIHHOIO .
Fig. 7.10. The construction of the line of intersection of an oblique
circular cylinder with a frontal and project plane
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Ha puc. 7.11 noGyayBaHO JiHifO
TIEPETHHY TIOBEPXHI Kymi 3
(pOHTATHHO-TIPOEKII FOI0Y0I0
IUTOIIMHOIO (L.

Po3B’s3yBanHs:

1. Ha  ¢ponTampHi  mpoekmii
¢ikcyemo 1, i 2, TOUOK, IO JIEXKATH
Ha TOJIOBHOMY MepuiaHi. [onoBHuI
MepuziaH € OoOpHCOBOIO IIiHI€I0 Ha
(bpoHTaNBHIN MpOoeKLii. 3a
JOIIOMOTOI0  JIHIH  NMPOEKUiHHOTO
3B’s13Ky 3HAX0auMo 1; i 2;.

2. Ha  ¢ponTanpHiii  npoekuii
¢ikcyeMo TOUKHM 7, = 8§, 1 3a
JOMIOMOTOI0  JiHII  TPOEKUWiHHOTO
3B’SI3Ky 3HAXOIUMO X TOPH30HTANIBHI
mpoekmii 7; 1 8. B mmx Toukax
3MIHIOETBCS BUIMMICTb
TOPH30HTANBHOI ~ TPOEKIil  JiHii
nepeTuHy (Touku 7, 8 mexarb Ha
o0OpucoBiii Ha  TOPU3OHTAJbHIN
npoekuii JiHii - exBaropi , WO €
HAHOLIBIION MapaIeslIio).

3. ®ikcyeMo (pOHTANbHI MPOESKIIi
32,4, 1 5,,6, npomixkHEX ToUYoK 3.4 i
5,6. OCKIIBKHM TOYKM 3a3HA4YeHl B
cepenuHi 00pucy, T0 3, =4, 1 5, = 6,.
3a pmomomororw mapaneneii m- i m?
BHU3HAYa€MO TOPHU3OHTAJIBHI MPOEKIIT
31,411 54,6;.

4. 3’eHyEMO TOPH3OHTAIBHI MPOESKIT|
TOYOK JIiHIT TepeTHHy IUIaBHOIO
JIHIEIO 3 ypaxyBaHHIM IX BUIMMOCTI.

Ha pucynkax mnobOymoBaHo miHii
MePEeTHHY MPSIMUX KPYrOBUX KOHYCIB
(xoHyciB 00epTaHHS) 3 (PPOHTAIBHO-
MIPOEKLII0I0YNMH TUIOLIMHAMY 0.

l'opuzonTanbHi MPOEKIIT
MPOMDKHUX TOYOK (TOYOK, IO HE
JexxaTb Ha ~ OOpHCOBHX  JIHIfIX)
3HAMJICHO 3a JIOTIOMOTOI0 Mapaienei

In the fig. 7.11 a line of intersection
of the surface of a sphere with a
frontal and project plane o is
constructed.

Solution:

1. On the frontal projection, we fix 1,
and 2, of the points lying on the main
meridian. The main meridian is an
outline on the frontal projection. With
the help of the lines of the project
connection, we find 1, and 2,.

2. On the frontal projection, we fix
the points 7, = 8, and using the line of
the project connection we find their
horizontal projections 7, and 8;. At
these points, the visibility of the
horizontal projection of the line of a
intersection changes (points 7, 8 lie on
the outline on the horizontal
projection of the line - the equator,
which is the largest parallel).

3. We fix the frontal projections of
3,4, and 5,6, of the intermediate
points of 3.4 and 5.6. Since the points
are indicated in the middle of the
outline, then 3, = 4, and 5, = 6.
Using the parallels m* and m? we
determine the horizontal projections
31,4, and 54,6;.

4. Connect the horizontal projections
of the points of the line of a
intersection with a smooth line, taking
into account their visibility.

In the fig. 7.11 the lines of
intersection of right circular cones
(cones of rotation) with frontal and
project planes o are constructed.

Horizontal projections of
intermediate points (points that do not
lie in the outline) are found using
parallels m" and m.
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i m-.

778, ; Puc.7.11. IloGyayBa qinii nepeTuny

a,
1,
374,

2; NOBEPXHi KyJ1i 3 PPOHTAIBLHO-
NPOEKLiI0I0Y010 INIOIUHOIO (.
Fig. 7.10. The construction of the

line of intersection of the surface
of a sphere with a frontal and

project plane o

2

3

Puc. 7.12. Ilo6ynoBa JiHii mepeTHHY MOXWJIOT0 NMPSIMUX KPYTrOBUX KOHYCIB 3

(ppOHTANBLHO-NPOEKUII0I0Y0I0 MJIOLIHHOIO O.

Fig. 7.12. The construction of the line of intersection of right circular cones with

a frontal and project plane a
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IIpn neperuHi KpWBOi IMOBEpXHi 3
IUIOIIMHOKO 3arajbHOTO  IOJOKESHHS
JUIi BHU3HAYEHHS JIiHII TepeTHHY
MOJKHA 3aCTOCOBYBATH CIOCIO 3aMiHH
IUIOIIMH TPOCKLiH, HepeTBOPIOIOYH

3aaHy IUTOLIUHY 3araJbHOTO
MTOJIOKEHHS B IIPOCKIIIOI0TY
Ha puc. 7.13 MOKa3aHo

MIEPETBOPCHHS IUIONIMHU 3arajibHOTO
MOJIOKEHHS ¢, IO 3aJaHa JHHIAMH
PiBHS, B IPOEKI[IOIOYY IUIOIIMHY B
HOBIfi CHCTEMi IUIOIIMH MPOCKITiH

II4/Il,, a Takox mMOOymOBa HOBOI
MIPOEKIIil MOBEPXHI Ky Ha IUIOUIHHI
I1,.

Ha puc. 7.14 MTOKa3aHo

MEPETBOPEHHS TUIOLIMHU 3aralibHOro
MOJIOKEHHS 0, [0 3ajaHa CJiJamu, B
MPOEKIIIOI0YY IUIOIIUHY B HOBIH
cucteMi mionmH npoekuid I14/11,, a
Takok MoOymoBa HOBOI MPOEKIIT
KOHyca 00epTaHHs Ha ruiomuHi [1y.

For determining the line of
intersection the curved surface with
the plane of the general position, one
can apply a method of replacement of
planes of projections, transformating a
given plane of the general position
into a project plane.

In the fig. 7.13 is shown the
transformation of the plane of the
general position o given by the level
lines into the project plane in the new
system of the planes of projections
I14/I1,, as well as the construction of a
new projection of the surface of the
sphere on the plane I1,.

In the fig. 7.14 is shown the
transformation of the plane of the
general position a given by the traces
into the project plane in the new
system of the planes of projections
I14/I1,, as well as the construction of a
new projection of the cone of rotation
(revolution) on the plane T1,.

Oy

Puc. 7.13. [lo6ynoBa HoBOI
npoekuii moBepxHi KyJi
Ha niouuHi I1,.

Fig. 7.13. The construction
of a new projection of the
surface of the sphere on the
plane T1,.
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Puc. 7.14. Ilo6ynoBa
HOBOI NIPOeKIii NOBEPXHi
KOHYca 00epTaHHS Ha
mionuHi I1,.

Fig. 7.14. The construction
of a new projection of the
cone of rotation on the
plane I1,.

Ha puc. 7.15 MOKa3aHo
MIEPETBOPCHHS IUIOMIMHN 3arallbHOTO
MIOJIOXKEHHS ¢, IO 3aJaHa JIHIIMU
PiBHS, B IPOEKI[IOIOYY IUIOIIMHY B
HOBIfi CHCTEMi IUIOIIMH MPOCKINiH
II4/Il,, a Takox mOOymOBa HOBOI
MPOEKLii MPSMOTO KPYTOBOTO
HUTIHApa Ha TUTonuHi [1y.

Ha puc. 7.16 MOKa3aHo
MIEPETBOPCHHAS IUIONIMHU 3araJbHOTO
MOJIOKEHHS 0, 1[0 3aJaHa CIliJaMH, B
MPOEKIIOI0YY IUIOIIUHY B HOBIH
cucreMi mnommH npoeknid [1,/11,, a
TakoX 1MoOymoBa HOBOI MPOEKIIii
MMOXUJIOTO ~ KPYroOBOTO MWIIHApPA Ha
mronuHi [1,.

In the fig. 7.15 is shown the
transformation of the plane of the
general position o given by the level
lines into the project plane in the new
system of the planes of projections
I14/I1,, as well as the construction of a
new projection of the right circular
cylinder on the plane I1,.

In the fig. 7.16 is shown the
transformation of the plane of the
general position o given by the traces
into the project plane in the new
system of the planes of projections
I1,/11,, as well as the construction of a
new projection of the oblique circular
cylinder on the plane I1,.

Puc. 7.15. [lo6ynoBa HoBoOi
NnpoeKuii NpsiMoro KPyrosoro
nwiinapa Ha niaoummHi I1,.
Fig. 7.15. The construction of a new
projection of the right circular
cylinder on the plane I,
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Puc. 7.16. [loGynoBa
HOBOI IpoeKuil
MOXHJIOT0 KPYTroOBOTro

HMITIHIPA HA IVIOLUHI
I,

Fig. 7.16. The
construction of a new
projection of the oblique
circular cylinder on the
plane 1,

Ha pwuc. 7.17 mokazaHo, sK
3HaiigeHo ToukH 1,2,3, mo HalexKaTh
JiHIT TepeTHHY MOXHIOTO KPYTOBOTO

KOHyCca 3 IUIOIIMHOK 3aralbHOro
MOJIOKEHHS a(h™®Nfe).
3acTocoByOUn crocio 3aMiHA

IUIOIIMH MPOCKI[i#, MpoBIBIIK X; L
h%, orpumaeMo, mo MIOLKMHA O B
HOBIfi CHCTEMi IUIOIIMH MPOCKIiH
I14/Tl; cTaHOBUTHCS MPOEKIIIFOKYOL0,
MepIeHANKYISIpHOI0 10 1y, Je oy —
CHII-TIPOEKIis IIOMMHH o. Ha oy, 1mo
po3MileHa B MeKax 0OpHCy MOBEpXHi
KOHYCa, B3ITO TOYKU TPOCKIIi l4, 24
TOYoK 1, 2, MmO HaJeKaTh JiHIl
nepetury. [Ipoekmii 15, 23 1 15, 2, B
crapii  (3amaniit) cuctemi II/T;
3HANICHO 32 JOMOMOTOI0 TBIPHHX I
1%,

B Toumi 3, 3MIHIOETBCSI BUIUMICTD
¢poHTAITBHOT MPOEKIIi1 miHii
nepetuny. [Jns ii  BU3HaueHHA
crouatky Gymyemo mpoexuii I ua II;,
a notim Ha [1;. BusHawaemo Touky 34

In the fig. 7.17 is shown how the
points 1,2,3, which belong to the line
of intersection of an i oblique circular
cone with the plane of the general
position o (h®Nf{**), are found.
Applying the method of replacement
of planes of projections by drawing
X, L h® we obtain that the plane o in
the new system of projection planes
I,/11;  becomes project plane
perpendicular to II, where a4 is the
trace-projection of the plane a. On oy,
which is located within the contour of
the surface of the cone, the projection
points 1,4, 2, points 1, 2 belonging to
the line of intersection are taken.
Projections 14, 2; and 1,, 2, in the old
(given) system TIIyIl; are found
using the generatries I'and I°.

At point 32 the visibility of the
frontal projection of the line of
intersection changes. To determine it
first, we build projections I* on I,
and then on Tl,. Define a point 34 3,4
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3; = 1°N as Jani 3a momomoromw | = I,°N ay,. Next, using the lines of the
JHHIT TIPOEKITIHHOTO 3B’s13Ky | project connection, we find 3; to 1,3,
suaxomumo 3 Ha |;3, a motim 3, ma I,°. | and then 3, to I,°.

S, N,
I’ ou
N WA J
9 N,
L h \
2, 3 L
A"z a\ . \\ Nl
.\I_ll
A
: ,,3'4« ]
==X 5
i N
li](l
; a, N4
a\l 3 |‘52‘
n| IJ J;
%I, L AY5
S,

Puc. 7.17. MobynoBa TO4Y0K1,2,3, M0 HaJIEXKATh JIHIT MIEPETUHY TOXHIIOTO
KpPYroBOro KOHyca 3 IJIOLIUHOIO 3arajlbHOr'O ITOJI0KEHHS a(hoc‘ﬂf"a)
Fig. 7.17. The construction of the points 1,2,3 which belong to the line of
intersection of an i oblique circular cone with the plane of the general
position a (h®*Nf°*)
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HaBenemo mpukiaau moOyAoBH
JiHI] TEepeTHHY KPUBOi IOBEpXHi 3
IUTOLIMHOIO 3arajlbHOTO  TIOJIOKECHHS
3a JOMOMOTOI0  CIOCO0Yy  3aMiHH
TUTOIIHH TPOCKIIiH.

Ha puc. 7.18 moGynoBaHo iHIifO
MIEpeTHHY TOBEepXHI Kyhi (cdepn) 3
TUTOLIIHOIO 3arajIbHOTO  TIOJIOXKECHHS
ah® n . Idamo moscuenns 10
BUKOHAHHSA miei 3a7adi. 3a
JIOIIOMOT'0I0 CIIOCO0Y 3aMiHM TUIOIINH
NPOEKLIH  IUIOIIMHY  3arajJbHOro
MOJIO)KEHHA O TIEPETBOPIOEMO B
mpoemirorouy B cuctemi  II/I1; i
3HAXOAMMO Tpoeknito chepu Ha Iy
Binmiwaemo Touku 14 1 24 mepetuHy
o4 3 obpucoM coepu Ha II;. Mix
TOYKaMH 14 1 24 3HAXOIMUTHCS
npoekiris Ha [y ninii neperuny chepu
3 miommHoro  ohy, N o).
I"opuzonTanbHi npoekii 14 1 25 TOYOK
1 1 2 smaxomareea Ha mimii KiL,, sxa
napajieabHa bi(s) X1 i €
TOPU30HTAJILHOIO MPOEKIIEI0 00pUCy
chepu Ha II;. 3a momomororo
dponTameEux mpsmux ¢ i
IUTOIIMHU 0 3HAXOJUMO (POHTAIBHI
mpoeKiii 1, 1 2, Togok 11 2. Toukn 3 i
4 € TOUKAMHM BUAUMOCTI IS
TOPU3OHTANbHOT ~ mpoekuii  JiHil
nepetnHy. BoHM 3HaxonmsThcs Ha
eKBaTopi chepm. Crioyatky
3aikcyemo ix mpoekmii 34 i 44 Ha
mpoekiii ekBaropa Ha I, a motiM ix
cipoeninyemo Ha I1; 1 Ha [1,. Touku 5
1 6 € TOYKaMH BHIMMOCTI IS
¢dpoHTaTBHOT MpoeKii niHii
nepernHy. Bonum  3HalimeHi 3a
JIOIIOMOT0I0 CIYHOi IUIOMIMHM Y, fKa
NIPOXOJMUTh uepe3 HeHTp cdepu i
napajgenbHo Ao  mnomuHu Il

Here are examples of constructing a
line of intersection of a surface curve
with a plane of general position by
means of a method of replacement of
planes of projections.

In the fig. 7.18 a line of intersection
of the surface of a sphere with a plane
of general position a (h** N ) is
constructed. Let's give an explanation
to this problem. With the method of
replacement of planes of projections
we transform the plane of the general
position o into a project planr in the
system I14/II; and find the projection
of the sphere on II;. We note the
points 1, and 24 of the intersection oy
with the outline of the sphere on Il,.
Between points 1, and 2, there is a
projection on II, of the line of
intersection of a sphere with a plane o
(h™ N ). Horizontal projections 1,
and 2, points 1 and 2 are on the line
K,L; which is parallel to x; and is a
horizontal projection of the outline of
the sphere on II,. Using the frontal
straight lines f'* and £* of the plane a,
we find the front projections 1, and 2,
points 1 and 2. Points 3 and 4 are
points of visibility for the horizontal
projection of the line of intersection.
They are at the equator of the sphere.
First, we fix their projections 3, and
4, on the projection of the equator on
P4, and then they are projected on IT;
and II,. Points 5 and 6 are points of
visibility for the frontal projection of
the intersection. They are found by
means of a cut plane vy, which drawes
through the center of the sphere and
parallel to the plane II,. The plane y
intersectes the sphere along the main
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[Mnomuua y mneperuHae cdepy MO
TOJIOBHOMY MEpHIiaHy, a IUIOLIHHY O
mo pontani % B  Toukax
MIEPEeTHHY IUX JiHIA 3HaHAEHO TOYKH
5 i 6. Ilpomixknai Toukum 7 1 8
mo0OyT0BaHO 3a IJOMOMOTOO Tapaierni
m.

meridian, and the plane a intersectes
along frontal straight line £ At
points of intersection of these lines
points 5 and 6 are found. Intermediate
points 7 and 8 are constructed using
the parallel m.
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Puc. 7.18. [1oGynoBa Jinii mepeTHHy MOBepXHi KyJ1i 3 MJIOLINHOIO

3araabHoro momosxenns a(h’

Fig. 7.18. The construction of the line

qu)
of intersection of the surface of a

sphere with a plane of general position o (h°* N £°%)
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Ha puc. 7.19 mnokazaHo moOymoBy
JMiHI] TEepeTHHY TIOBEPXHI MNPSIMOTO
KPYrOBOr0O KOHyca 3 IUIOLIMHOIO
sarajpHoro mososkeHus ohg, N foy).
Touky 4, B sIKiif MiHI€THCS BHIUMICTD
TOPH30HTANBHOI ~ MPOEKMil  JmiHii
NIepeTHHY, BU3HAYCHO 32 JOIOMOTOI0
TBipHOi S4°, TOUKY 3 — 3a JOIOMOTOI0
TBipHOi LS, a Touky 5 — 3a
JIOTIOMOTOFO TBipHOT 850, TOUKH 617 —
3a gonomororo mapaieni m. Touxu 1 i

2 3HAXONATbCA Ha JIiHII OCHOBU
KOHyca.

Ha puc. 7.20 3a pmomomororo
croco0y 3aMiHM IUTOIIUH MPOCKINH
o0y T0BaHO JiHi0 MIEPETHHY
MOBEPXHI PSIMOTO KPYTrOBOT'O

OWTHAPI 3 IUIOMIMHOK 3arajibHOTo
MOJIOKEHHsI, 10 3aJaHa JIHIIMU
PpIBHSL

In the fig. 7.19 is shown the
construction of the line of intersection
of the surface of a right circular cone
with a plane of general position o (h™
N 1%). Point 4, in which the visibility
of the horizontal projection of the line
of intersection changes, is determined
by the generetrix S4°, point 3 by the
generetrix LS, and point 5 by the
generetrix S5°, points 6 and 7 by the
parallel m. Points 1 and 2 are on the
line.of cone base

In the fig. 7.20 using the method of
replacement of planes a line of
intersection of the surface of a rightt
circular cylinder with a plane of
general position, given by the level
lines is constructed.

Puc. 7.19. [lo6ynoBa
JiHii nepeTuny
NMOBepPXHi NpAMOro
KPYroBOro KOHyca 3
MJIOIIUHOKO
3arajibHOTo
nosoxennst oo,

an)'

Fig. 7.19. The
construction of the line
of intersection of the

right circular cone
with a plane of
general position a (h*

N )
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Puc. 7.20. IoGynosa Jinii
nepeTHHy MOBePXHi
NMPSIMOr0 KPyroBoro

IUJIIHAPA 3 IUIOMNHOK0

3araJIbHOroO
MOJIOKCHHHA, IO
3ajlaHa JIiHissMu piBHSA

Fig. 7.20. The construction

of the line of intersection

of the surface of a right
circular cylinder with a
plane of general position
given by the level lines
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Hapucna reomerpis. Po3mina 8.
B3aemumuii nepeTuH NOBEPXOHb

3anexxHo BiZ PO3MillleHHS
NOBEPXOHb, M0 IEPETHHAIOTHCH,
MEpeTHH MOXe OyTH HOBHUM abo
HETIOBHHM.

IloBHMM Ha3HMBa€ThCS MEPETHH,
KoJH BCi TBipHiI abo peOpa moBepxHi
ONHOTO 3 Tl  TEPETHHAIOTH
MTOBEPXHIO 1HIIIOTO TiJNa.

HenoBHMM Ha3HBaeThCS MEPETUH,
Ipu SIKOMY HE BCi TBipHi abo pebpa

MIOBEPXOHb 00ox TiJ, o
MEePETHHAIOThCS, OCpPyTh y4acTh B
TIEPETHHI.

Ipoexkuii miHIi TEepeTHHY MOBHUHHI
PO3MILIyBaTHCS y MeXaX 0OpHUCOBHX
JHIA gK opxHiel, Tak 1 IHIIOIO
MOBEPXHi BOAHOYAC.

8.1. ITo6ynoBa JiHii mepeTuny
[IOBEPXOHL MPHU IIPOEKIIIOIYOMY
IIOJIOXKEHHI OJIHI€T 3 TOBEPXOHD
BIAHOCHO IUIOIIMH IIPOEKIIii

B upomy BHIasKy o/iHa MPOEKIIis
JmHIT TepTHHY BigoMa — BOHA
30iraeThcs 3 MPOEKITIEI0 TIOBEPXHI Ha
Ty IUIOIIMHY HPOEKIiH, M0 AKOI I
TIOBEPXHS NepIEeHANKYJIISIPHA.
BincytHio mpoekmito OyAylOTh 3a
JIOTIOMOrOI0  JOMOMDKHHX  JHHINA
(TBipHHX, mapaesei) iHIIO1
MOBEpXHI, IO 3aiiMae 3arajbHe
MIOJIOXKEHHSI.

HaBenemo nmpukiagn Ha no0yaoBy
JiHI1 TepeTHHY TOBEPXOHB, 110
MePETHHAIOTHCAL.

Ha puc. 8.1 mnokasano mnoOynoBy
JiHIi IIepeTHHY NOBEPXHI NPSMOro

Descriptive geometry. Chapter 8.
Mutual intersection of surfaces

Depending on the placement of
intersecting surfaces, the intersection
may be complete or incomplete..

Complete intersection is called when
all the generetrices or edges of a
surface of one body intersect the
surface of another body.

Incomplete intersection is called, in
which not all the generetrices or edges
of the surfaces of the intersecting two
bodies take part in the intersection.

The projections of the line of
intersection must be located within of
the contour lines as one and the other
surface at the same time.

8.1. Construction of a line of
intersection of surfaces at the
projection position of one of the
surfaces relative to planes of

projections

In this case, one projection of the line
of intersection is known. It coincides
with the projection of the surface on
that plane of projections, to which this
surface is perpendicular. Lack of
projection is  constructed  using
auxiliary lines (generetrices, parallels)
of another surface that occupies a
general position.

Here are examples of construction of
a line of intersection of intersecting
surfaces.

In the fig, 8.1 is shown the
construction of a line of intersection of
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KpPYroBOro KOHyca 3 IIOBEpPXHEIO
psAMOi IPU3MHU.

[lepeTH TOBEPXOHb € IIOBHHM,
OCKiMBKM BCi Tpu Oiuni pebpa
HPU3MH, 10 3aiMaloTh GPOHTAIBHO-
Ipoertiroroue TTOJIOKEHHS,
MePETHHAIOTH OBEPXHIO KOHYCA.
Tpu Oiuni rpaHi mnpusMu €
(pOHTAILHO-ITPOELIIOI0UUMH
IUIOLIMHAMHY, — [EePHEHANKYISIPHUMH
J0 TUIOWMHKA Tp. JliHisS mneperuHy
JIBOX IIJIOIIMH 3HAXOMUTHCS B TPHOX
O1YHKX TpaHiIX MIPU3MHU i
NPOCLIIOETBCA Ha IUIOLIMHY T, Y
BIIPI3KM TPSAMHUX JIHIA, SAKi €
MPOCKIISIMH TPaHeil MPU3MH Ha Ty K
IUIOIIKUHY 7, TOoOTO (poHTANBEHA
MPOEKIliss JHIIT TEepeTHHY IIBOX

MTOBEPXOHB 30iraeThes 3
(pOHTANBHOIO  MPOEKIE  caMol
TPU3MH.

[MocnigoBHicTs  MOOYHOBH  JiHIi
NepeTHHY TaKa:
1. Bu3HauaeMo XapaxkTepHi TOYKHU
niHil mepetuHy — ne Touku 1,2.3, B
SKUX 3IIHCHIOETBCS Tepexil OJHOTO
BHY JIiHii IEPETHHY 0 iHIIOTO.

IIpocTopoBa kpuBa JiHis TEPETHHY
pO3MagaeThCsl Ha TPH IUIOCKI JIiHII,
Jte ToukH 1,2,3 € KIHISAMH [UX JIHIN:
- minis 13 3naxomutskes B Tpani (b//c)
MIPU3MH 1 € HETIOBHUM EJIINCOM;
- JiHist 12 3Haxomuthest B rpaHi (
allb) i € mnapaGonoro, OCKIIbKH
BiIpi3ok 1,2, mapajenpHHHA 10
00pHCOBOi TBIpHOT;
- JiHis 23 3HaxoAUTHCS B rpadi (allc)
1 € Iyroro Koyla, OCKUIbKH TpaHb
(allc) napanenbHa 70 IUIOHIMHU
OCHOBH KOHYca.

lopusonTanbHi mpoeknii Touku |

the surface of a right circular cone with
the surface of a right prism.

The intersection of the surfaces is
complete, since all three side edges of
the prism that occupy the frontal and
project position intersect the surface of
the cone.

The three side faces of the prism are
frontal project planes perpendicular to
the plane m,. The line of intersection of
two planes is located in three side faces
of the prism and projected on the plane
m, in a segments of straight lines,
which are the projections of the faces
of the prism on the same plane =, that
is, the frontal projection of the line of
intersection of the two surfaces
coincides with the frontal projection of
the prism itself.

The sequence of construction of the

line of intersection is as follows:
1. Determine the characteristic points
of the line of intersection. These are
points 1,2,3, in which the transition of
one type of line of intersection to
another.

The spatial curve of the line of
intersection is divided into three flat
lines, where points 1,2,3 are the ends of
these lines:

- line 13 is on the face (b // ¢) of the
prism and is an incomplete ellipse;

- line 12 is on the face (a // b) and is a
parabola, since segment 1,2, is parallel
to the outline generettrix;

- line 23 is on the face (a // ¢) and is an
arc of the circle, since the face (a // c)
is parallel to the plane of the cone base.

Horizontal projections of point 1 are
defined using the parallel m!, and
points 2 and 3 are defined using the
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BHU3HAUCHO 32 JIOTIOMOTO0 Mapaeni

‘m!, a Touok 2 i 3 — 3a MOMOMOTOK0
mapa’ei m®. Ockinbku TOYIl, IO
3a3HaYeHa B CEpPEeOUHI  OOpHCY,
BiJINIOBIiJAIOTh JIBi TOYKH ITOBEPXHI,
T0 Ha emopi (QikcyeTbcs OIHA
¢dpoHTaNHHA TIPOEKIIist TOYKH,

HATPUKIIA]] 1o, aje IBI
TOPU30HTANBHI poekIii — 15 1 1.
2. lopusoHTanbHI MpoeKii

MIPOMDKHUX TOYOK 4 1 5 moOyzoBaHO
3a IONMOMOTOI0 mapaseni m-.

3. TopusoHTanbHI TPOEKIIl TOYOK
mHIT  mepetmHy ~— 3’€IHAHO 3
ypaxyBaHHSAM IX BuAuMOCTi. [paHi
(allb) i (bllc) ma ropuzoHTaJIBHIN
MPOEKIil € BHINMHMH, TOMY IIiHIl
1,4,2; 1 1,5:3; € BUDUMHUMH, TIPOTE
rpaub (allc) € HeBHAMMOIO, TOMY
JiHisA 213, M0 € Iyro Koja, TaKokK
€ HEBUJIUMOIO.

[lepeTnH TOBEpXOHb € IOBHUM,
TOMY Ha TOPU30HTAJbHIA MPOEKIIT
BUIHO  JIBI  OKpeMi  3aMKHEHI
TOPHU30HTAJBHI mpoekmii  JiHii
nepetury. Ha ¢poHTaneHi# mpoekmii
mi JABI OKpeMi JHii TepeTHHY
30irafloThCsl B OIHY CIIUIBHY, SKa, B
CBOIO 4epry, 30iraeThCs 3
(POHTATBHOIO TPOCKITI€I0 IPU3MHU.

Ha puc. 8.2 mokazano mnoOymoBy
JiHIT MepeTHHY MOBEPXHI MPSMOro
KpPYroBOro KOHyca 3 TOBEpPXHEI0
MPSIMOTO KPYTOBOTO LUITIHApPA.

[lepeTH MOBEPXOHb € HETOBHUM,
OCKUIBKM HE BCi TBIpHI SIK ITOBEPXHI
KOHyCa, TaK 1 IOBEpXHI WWIIHApa,
OepyTh y4acTb y IEpETHHI.

parallel m?. Since the point indicated
in the middle of the outline
corresponds to two points of the
surface, one frontal projection of the
point, for example 1,, is fixed in the
epure, but two horizontal projections
are 1; and 1;.
2. Horizontal projections of
intermediate points 4 and 5 are
constructed using a parallel m?,
3. The horizontal projections of the
points of the intersection line are
connected according to their visibility.
The faces (a // b) and (b // ¢) on the
horizontal  projection are visible,
therefore the lines 1,442, and 1,5,3; are
visible, but the face (a // c) is invisible,
so the line 2,34, which is the arc of the
circle, is also invisible

The intersection of the surfaces is
complete, so there are two separate
closed horizontal projections of the
intersection line on the horizontal
projection. On the frontal projection,
these two separate lines of intersection
coincide in one common line, which, in
turn, coincides with the frontal
projection of the prism.

In the fig, 82 is shown the
construction of a line of intersection of
the surface of a right circular cone with
the surface of a right circular cylinder.

The intersection of the surfaces is
incomplete, since not all the
generetrices as the surface of the cone,
and the surface of the cylinder, are i
take part in the intersection.
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Pucio 8.1. IloGynosa Jinii

NepeTUHY MOBEPXHi

NMPAMOIro Kpyrosoro

KOHYCA 3 MOBEPXHEI0
NPSIMOI IPU3MH.

Fig. 8.1. The construction of
a line of intersection of the
surface of a right circular
cone with the surface of a
right prism.

biyHa nmnoBepxHs LWIiHIpa €
MIPOEKIIF0I0Y0I0, MEepIIEeHANKY-
JISPHOIO JI0 TIIOUTUHH Ty, TOMY JIiHisI
NEepeTHHY, sKa po3MillleHa Ha
MOBEPXHI LMIIHIPA, POEKIIIOETHCS
Ha (POHTAIBHY INPOEKII0 B JIHIIO,
mo 30iraerecsi 3  (PpOHTAIBHOIO
MIPOCKIIEF0 LIJTHpA, sIKa
po3MilleHa B Mexax  o0pucy

The lateral surface of the cylinder is a
projection perpendicular to the plane
7, SO the line of intersection located on
the cylinder surface is projected on the
frontal projection in a line coinciding
with the frontal projection of the
cylinder, which is located within the
contour (outline) of the conical surface.

The sequence of construction of the
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KOHIYHOT MOBEPXHI.

IocminoBHicTs mOOYmMOBH  JiHIT
MIEpETUHY TaKa:
1. Topm3oHTanmpHi mpoekmii 1; i 2
ToyoKk 1 1 2, mo Jiexxarb Ha
0o0pHCOoBiii TBipHIH , BH3HaUYCHO 3a
JOTIOMOTOI0  JIHIA  MPOEKUifHOTO
3B’S3KY.
2. B Toukax 3; i 4; 3MIHIOETbCA
BU/IUMICTh TOPU3OHTANIBHOT MPOEKIIii
ninii neperuny. Lli Toukn BH3HAUCHO
3a I0MOMOTOI0 mapaseni m'.
3. TopusoHTanbHI NpoeKIii
MPOMIKHUX TOYOK 5 ...12 BU3HAYCHO
3a ONOMOrOK mapameneir m’, m°,
m*, m°.
4. TopuzonTanbHI TIPOCKIIiT
BU3HAYEHUX TOYOK JIHII 3’€IHAHO 3
ypaxyBaHHSM iX BUAUMOCTI.

line of intersection is as follows:

1. Horizontal projections 1, and 2,
points 1 and 2, which lie on the outline
generetrix, are determined by means of
projection lines.

2. At points 3; and 44, the visibility of
the horizontal projection of the line of
intersection changes. These points
defined using the parallel m;.

3. Horizontal projections of
intermediate points 5 .. 12 are
destermined using parallels m?, m®, m*
m”’.

4. Horizontal projections of defined
points of the line are connected
according to their visibility.

11,512, §,

2 2
12

3 AN

S
7 b
[

2;

Puc. 8. 2. IloOynoBa Jinii
NnepeTUHY MOBEPXHi MPSIMOro
KPYIoBOro KoHyca 3
MOBEPXHEI0 NMPSAMOro
KPYI'oBOro LUJIiHApa
Fig. 8.2. The construction of a
line of intersection of the
surface of a right circular cone
with the surface of a right
circular cylinder.
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8.2. ITo6ynoBa JIiHil nepeTUHY
IIOBEPXOHB IIPHU iX 3araJbHOMY
[OJI0KEHHI

Skmo B mONepenHiX IMpUKIazax
MOBepXHA Tmpm3MH abo  IWIIiHApa
3aifiMaia 3arajJibHe HEIPOCKUIIIYe
HOJIOXKEHHSA, TO CIIJ IIePEeTBOPHUTH
emop Tak, o0 BOHa  cTaja
MIPOEKLII0I0YO00, HAIIPUKIIAJ, 3aMiHOIO
IUTOLIMH TPOEKIiH. SIKImo X KoJHa 3
MOBEPXOHb IPHHIMIIOBO HE MOXE
oyTH MPOCKIIFOI0YO0I0 cmif
3aCTOCOBYBAaTH  3arajbHUN  CHOCIO
3HAXOKEHHS JIHII TepeTuHy 3a
JOTIOMOTOI0  JIOTIOMDKHUX  CIYHHX
INIOIIMH a0  TOBEPXOHB,  BXKE
pO3TISIHYTHH TIpM  1mMOOyAOBI  JiHIT
NEePEeTHHY IBOX IUIOIIMH 3arajlbHOro
TIOJIOYKEHHS.

Ha puc. 8.3 300pakeHo moBepxHi o i

B, mo  meperuHarothes. 1100
nobyaysaru minito K 1x meperuny
moTpiOHO  BW3HAYMUTH  TOYKH, IO

HaJleX)kaTh BOJHOYAC MOBEPXHsM o 1 B,
1 3’€QHATH Il TOYKH INIABHOIO JIHICIO.
JI1s1 3HAXOKEHHS T0BUILHOI ToukH K,

o0  HANeKHTh JIiHII  TEpeTHHY,
moTpiOHO:

1) BecTH MONMOMIXHI IUIOIIMHH a0o0
moBepXHi (Ha  pPHUCYHKY  BeleHa
JIOIIOMIDDKHA TUIOLIHHA Y);

2) mobyayBaTH JiHIIO TIEPETHHY

JOTIOMIXKHO1 IIJIOIIMHU 200 TIOBEPXHi 3
KOXKHOIO 13 3a/IaHUX JBOX MOBEPXOHb
(@a=yNao,b=yNP)

3) Ha mepeTHHI OTPUMAaHUX JiHIH
3HalTH TOYKY, IO HAJIEXKUThH
BosHOUac ABoM mosepxHsaM (K =a N
b,Kea, B).

8.2.Construction of a line of
intersection of surfaces at their

general position

If in the preceding examples the
surface of the prism or cylinder
occupied a general non-projection
position, then it is necessary to
transform the epure so that it
becomes projective, for example, by
replacement of planes of projections.
If none of the surfaces can
fundamentally be projective, one
should use the universal method of
finding the line of intersection with
the help of auxiliary planes or
surfaces already considered when
constructing a line of intersection of
two planes of general position.

In the fig, 8.3 is shown the surfaces
of intersecting o and . To construct
a line k their intersection it is
necessary to determine the points
belonging simultaneously to the
surfaces o and B, and to connect these
points with a smooth line. To find an
arbitrary point K, which belongs to
the line of a intersection, you need:

1) to graw the auxiliary planes or
surfaces (in the figure the auxiliary
plane v);

2) construct a line of intersection of
the auxiliary plane or surface with
each of the given two surfaces (a =1y
No, b=y NP);

3) at the intersection of the resulting
lines, find the desired point belonging
simultaneously to two surfaces (K = a
Nb,Kisa, p).
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[pu BUKOPHCTaHHI [bOTO
YHIBEpCaILHOTO CII0CO0y BU3HAYCHHS
JiHI] epeTHHy BaXXJIIUBUM € MHTAaHHI
PO pamioHadbHUKA BHOIp ITOTOMDKHOL
IUIOIIMHU-TIOcepeaHuKa. LI miomuHu
BHOHMPAIOTh TaKUM YHHOM, 10O BOHH
NEepeTHHAM KPUBY IIOBEPXHIO IO
JIHISAM, [0 MAKOTh BUTIIAI MPAMHUX Ta
KU, KOTpi JIerKO BH3HAYHMTH Ta
300pa3uTH Ha emopi.

With the use of this universal
method of determining the line of
intersection, the question of rational
choice of the mediating subsidiary
plane is important. These planes are
chosen in such a way that they cross
the curved surface along lines that
have straight lines and circles, which
can be easily identified and depicted
on the epure.

Puc. 8.3. 3naxomxenns Touku K, sika Hane;kuTh NoBepxHsaM a i f, mo

NEPETUHAIOTHCH
Fig. 8.3. Finding a point K, which belongs to the intersecting surfaces o and 8

Ha puc. 8.4 mnoxkazaHo mo0ymaoBy
JiHIT TepeTUHY TMOBEPXHi IMPSIMOT0o
KpPYTOBOT'O KOHYycCa Ta cdepu.

JKomHa 3 moBepxoHB 000X TiN, IO
MIepeTUHAIOThCS, HE MOXe 3aiiMarn
MIPOEKIIIOI0Ue TIOJIOXKEHHST BIJTHOCHO
IUTOLIMH NPOEKIiH, a Iie 03HaYae, 110
BU3HAYUTH X04a O OAHY 3 NpOEKILii
nmiHii  mepeTmHy 0€3  JOJaTKOBUX
moOyoB  HEMOXJIHBO. Tomy  1uis
moOyI0BH TOYOK, IO HaJIeXKaTh JiHil
TIEPETHHY, 3aCTOCOBYIOThH JTIOMTOMIXKHI

In the fig, 8.3 is shown the
construction of a line of intersection
of the surface of a right circular cone
and sphere.

None of the surfaces of the
intersecting two bodies can occupy a
projection position relative to the
projection planes. This means that it is
impossible to define at least one of the
projections of the intersection line
without  additional  constructions.
Therefore auxiliary planes are used to
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Puc. 8.4. [1oGynoBa JiHii nepeTHHY NOBEepPXHi NPSIMOro KPyroBoro KoHyca Ta
chepu.
Fig. 8.4. The construction of a line of intersection of the surface of a right circular
cone and sphere.
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IIOIIMHH.

Toukn 1 1 2 mobOymoBano 3a
JIOTIOMOTOK0  (DPOHTANIBHOT TUIOLIMHU
0, AKa € IUIOMWHOI0 CHMETpii s
moBepXxoHb 000X Tin. IlmomwmHa §
TIepeTHHAE MOBEPXHI Mo iX obpmcax,
10 TO3BOJISIE BU3HAYUTH (PPOHTAIBHI
mpoexiii 1, , 2, X TOYOK, a MOTIM i
TOPU30HTANBHI 11, 2;, sIKi pO3MIlICHI
Ha J1.

B Ttoukax 3 1 4 3MIHIOETBCSA
BUMMICTh TOPHU3OHTAIBLHOI MPOCKIIT

muii  mepermHy.  Ix  mpoekuii
BU3HAYCHO 3a JOIIOMOTOIO

" 1
TOPH30HTAJIBHOT TUIOIUHU o

[lnommEa ® NEPEeTHHAE MOBEPXHIO
KOHyca 110 mapainesi m'™, a cdepy — mo
napaneni m'S, B Toukax mepeTHHY
TOPH3OHTAJBHUX  NPOCKUId  IHX
napajiesieil BU3Haue€HO TOPH30HTANIbHI
npoekiii 3; i 4; ImMX Touok. Ix
¢pontanpHi  mpoekuii 3, 1 4;
po3mileni Ha cItii-mpoeKiii o,

construct the points belonging to the
intersection.

Points 1 and 2 are constructed using
the frontal plane d, which is the
symmetry plane for the surfaces of
both bodies. The plane & intersectes
the surface of their outlines, which
allows you to determine the frontal
projections 1,, 2, of these points, and
then the horizontal projectionsl,, 2;,
which are placed on §;.

At points 3 and 4, the visibility of
the horizontal projection of the line of
intersection changes. Their
projections are determined using the
horizontal plane ®'. The plane '
intersects the surface of the cone in
parallel m*; and the sphere intersects
in parallel m'. The horizontal
projections 3; and 4, of these points
are determined at the points of
intersection of the  horizontal
projections of these parallels. Their
frontal projections 3, and 4, are
located on the trace-projection ®,".
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