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Preface

Bu nputiwnu eqyumucs Ha Kaghedpy HapucHoi eeomempii, Komn'tomepHoi 2pacpiku ma dusalHy (you
came to study at the Department of descriptive geometry, computer graphics and design).

Ocobnusicmro Hag4aHHs epaghiyHUM ducyuniiHam € me, Wo OKPIM MeopemuYyHUX 3HaHb 8U Maeme
ompumMamu Hagu4Ku 8UKOHaHHS 2pacgbidHuX pobim, po3e's3ygaHHs NPOCMOPo8UX 3a0aY, 8UKOHAHHS
KpecneHb 0emarel, ix HaansidHux 306paxeHs (feature of teaching graphic disciplines is the fact that
apart from theoretical knowledge you should get the skills of performing of graphic works to solve spatial
problems, the implementation of drawings of parts, their visual images). LIbo2o moxHa docsgemu minbKu
3a 00HIET yMo8U: c80eYaCHO | caMocmiliHO 8UKOHy8amu moli 0b¢sie epaghiyHux pobim, skul eam 6yde
3adaHo (this can be achieved only under one condition: timely and independently to complete the same
amount of graphic works, which you will set).

OcmaHHiM YacoMm i3 WKIMbHUX npo2pam 8UsTy4eHO KpecreHHs, ik 0608's3kogull npedmem Ons
gueyeHHs (recently removed from school curricula drawings, as a compulsory subject to learn). Tomy sam
byde Henezko onaHosysamu Uioeo y Hac (so you'll not be able to acquire it from us). Ane cmpoee
dompumaHHsi 8UMog fiekmopa i euknadaya, KUl eede npakmuyHi 3aHIMmMmS, 8i08i0ysaHHs KOHCynbmauiti
donomoxe ycniwHo nideomysamucs 0o eksameHy (but strict compliance with the requirements of the
lecturer and teacher, leading practical classes, the attendance will help to successfully prepare for the
exam). Ymogoto donycky 00 ek3aMeHy € BUKOHaHHS 8Cb020 06cs2y epaghiyHUX 3a80aHb I nidnucaHHs
guknadayem poboyoeo 3owuma (the condition for admission to the exam is the entire volume of the
graphic task and the signature of the teacher workbook).

Ho novamky 3aHsimp npudbatime HeobXiOHe Kpecrnsipcbke npunadaﬂ 20mo8aribHI0 CepedHiX po3mipis,
TIHIGKY, KocuHui i3 kymamu 45° ma 30° i 60°, onigui “KoHcmpykmop” mapku M, 2M, TM, T (iHozemHo20
gupobruymea B, 2B, HB, H), aymky (sefore the start of classes acquire the necessary drawmg supplies:
drawing of medium size, a ruler, triangles with angles 45° and 30° and 60°, pencils “Designer” brand M,
2M, TM, T (foreign production 2B, HB, H), eraser). MexaHiqHi onigyi i3 mosuuHow cmepxHs 0,5 Mu
npudamHi minbKu 05151 NPo8eOEHHs MOHKUX TiHIll ma 8UKoHaHHS nionucig (mechanical pencils, of a shank
thickness 0.5 mm suitable only for the fine lines and performance signatures).

KpecneHHsi sukoHyrombcsi minbku onigusimu (the drawings are made only with pencils).

Requirements for making of graphic tasks (cuvozu 0o ochopmreHHs epachiyHux 3aday):

e every task must be done neatly and signed by a teacher (koxHe 3ag0aHHs NOBUHHO By MU 8UKOHaHO
akypamHo i nionucaHo suknadaqyem);

e all build to perform only with the help of drawings instruments (eci n060008u 8uUKOHy8amu MifbKU 3a
00NOMO20I0 KPeCnspChbKUX iHCmpymMeHmis);

e signatures must be done by a drawing font concordantly GOST 2304-68 height 35, 5 and 7 mm
(nidnucu sukoHysamu Kpecnsapcskum wpugpmom 32ioHo [OCT 2.304-68 eucomoto 3.5, 5 ma 7 mm);

e the points on drafts are the circles with diameter 1-2 mm and it is mark the capital letters of the Roman
alphabet A, B, C ... or by numbers 1, 2, 3 ... (306pax)eHHs MOYOK Ha KPeCcrieHHsIX nokasysamu Konamu
diamem,;)onxl 1-2 MM | no3HaYamu eenukumu bykeamu namuHcbkoeo angasimy A, B, C... abo yugppamu
1,2, 3.);

e to mark (nosHavamu): straight and crooked lines - by the small letters of the Roman alphabet of b, ¢, m
(npsimi [ Kpuei iHIl - Manumu bykeamu namuHcbKo20 arnchasimy b, ¢, m...); planes - by the small letters
of Greek alphabet a, B, v (nnowuHu - manumu bykeamu epeuskoeo angasimy a, B, v, ... ); surfaces -
by the capi)tal letters of Greek alphabet X, A, E (nogepxHi - geniukumu bykgamu 2peusKo2o angasimy
>, AE )

e in the records of algorithm to use characters (e 3anucax anzopummy eukopucmosysamu cumseonu): || -
parallel (napanensHicme); L perpendicularity (nepneHAukynsipHicme), */ - skew (MumobixHicme);
- intersect (nepemun); = - an identity (momoxHicme).

Literature (11imepamypa) :
1. MuxatineHko B.€. HapucHa 2zeomempis.- K: Buwa wkona, 1995.
2.BaHiH B.B. ma iH. IHxeHepHa 2pagpika.- K: BHV, 2009.
3.Earle F.Watts, John T.Rule. Descriptive geometry. - New York: Prentice-hall, 1946.
4.Solomon Woolf. Elementary course of descriptive geometry.- New York: John Wiley, 1985.
5.Colih H.Simmons. Manual of engineering drawing.- New York, 2004.



4 Lecture 1. Projection methods. Orthographic projection of a point

1. Projection methods (memoou npoeuitogaHHs):

e central (uenmpansHe): P([1) - a projection plane (nnouwjuHa npoexuit); S - a projection center (yeHmp
npoeuito8aHHs);

e parallel (napanensHe): S'- a projection direction (Hanpsm npoeujrogarHs): (ce=90°- orthographic
(npsimokymHe); a#90°- oblique (kocokymHe)

S A S' Projection methods

(memodu npoeuiroeaHHs)

d N

B Central Parallel

(ueHmparnbHe)| |(napanenbHe)

Orthographic Ovblique
B (opmozoHanbHe) | (kocokymHe)

2. The system of orthographic projection (cucmema opmozoHansHUX npoekuitl)
z z
1: [1; Frontal P2 Profile Ps

vertical (frontal) plane of ” , ;
M\  projection (¢hpormarnsHa (ppoHmansHa 1) | (npocpinbHa I

\ NIoWUHa npoekuyiti)

X

\ profife ﬂgteral) plane of
T, Fojection (npochinsHa
y hiowuHa npoexyiti)

horizontal plane of projection |Horizontal P+
(20pu3oHMarbHa
i, g nrowuHa npoexui) (20pU3oHMarbHa I71)!y

3. Orthographic projection or complex drawing or Monge epure of a point (opmozoHarsHa npoekuis abo
X KoMnieKcHe KpecneHHs abo X entop MoHxa moyku)

V4 Z
[l [13 12 [13
A A2 A: As
2 ) X 7
Zs Zn
Ax
Ys X VA Ay Vs
Xa o
A1 Ay g‘)
y
drawing constant
[l [l y




Jlekyisi 1. Memodu npoekmyeaHHs. [IpIMOKYMHi npoekyii moyku )

4.To draw the projections of the point A by its space image

A2

12 [13

[l

Y

5.To draw the profile projection of the point A by its frontal and horizontal projections

A2

o

Y3

P -
P: -
Ps -
A -
A1 -
Az -
As -
XY,z -

XA, YA, ZA -

6.To draw the frontal and horizontal projections of the points A, B, C and D by its coordinates

A(140,30,40); B(50,25,5); C(90,0,5); D(70,5,0)




6 Laboratory classes 1. The orthographic projection of points and geometrical bodies

1.To draw the third projection for two projections of points A, B and C (3a dgoma npoekuismu moyok A, B
i C nobydysamu ix mpemio npoekuito), To record the coordinates of points A, B and C (3anucamu
3HayeHHs1 koopduHam mo4ok A, B i C)

B: z Bs A, ., _)
B(_, __,_)
A
2 c(_. . _)
C» 0
X VE
A1
C1
4

2.To draw three projections of a pyramid with basis of ABC and top S by its coordinates (nobydysamu
mpu npoekuii nipamiou 3a ocHosor ABC i eepwuHor S, 3adaHux ix koopduHamamu): A(85,60,0);
B(55,10,0); C(15, 45,0); S(45,40,50) z

Y1
Geometric bodies which are bounded by planes are called polyhedrons (zeovempuyHi mina,
obmexeHi nrouuHamu, Hasusaromscs MHozozpaHHUKU). When all the faces are congruent, the solid is a
regular polyhedron else is a irregular polyhedron (koru eci epai pigi, mino € NpasubHUM
MHO202PpaHHUKOM, 8 IHLIOMY 8unadky HenpasurbHuM). The prism has two polygons which are congruent
and parallel (npusma mae 0ga nonizoHu, ski pieHi | napanerssHi). There are right and oblique prisms
(PO3PI3HAOMB NPAMI Ma HaxusneHi npu3/v/u). The pyramid have any polygon for one face called the base.



JlabopamopHe 3aHsmms 1. [TpssMOKYmMHi npoekyii mo4ok ma 2eoMempuyHuUxX min

3. To draw the profile projection of the pyramid with a point A on the surface (nobydysamu npocbineHy

NpOeKUjto nipamiou 3 MoYKor A Ha il No8epXxHi)
22

A2

X2

X1

4. On what figure is the point A nearest to the frontal plane of projection (Ha sxomy pucyHky moyka A
3Haxo0umabCs Hatibniuxye 00 NNOWUHU npoekyiti 12)?

A2
A2
A2
4 |
X |0 X i |O X |0 X |O
0A1 J
A1
A1
A1
Fig.1 Fig.2 Fig.3 Fig.4

Answer (8i0nogios):



8 Lecture 2. An axonometric projections. Orthographic isometric

1. An axonometric projections (akcoHomempuyHi npoekuJi). ,
Axonometry is an image, which is made by the parallel n 7'
projection of object with the orthographic system of coordinates

of Oxyz. i
Denotation: S .
e [1'- a plane of axonometric projection Z !
|

e s - the direction of projection

e X, y, Z - the axes of the orthographic system of coordinates A

e X', y', z'- an axonometric projections of axes of coordinates |
of Ox, Oy, Oz

e U=x/x, V=y'ly, w=2//z - the indexes of distortion along the
axes Ox, Oy, Oz.

Direction of axonometric projection is chosen to represent
three measuring of object. If the projection rays are
perpendicular to the plane I, then an axonometry is
orthographic, otherwise - oblique.

Isometric projection is an axonometric projection in which
the three axes of coordinates appear equally foreshortened
and the angles between any two of them are 120 degrees.

2. The theorem (meopema)

3. To draw the axes of orthographic isometric and point A by its coordinates (nobydysamu oci
npAMOKYmHoi isomempii ma moyky A 3a ii koopduHamamu A(20,15,40)

w=0. < |

4. To draw the hexagon in plane Oxy of orthographic isometry (nobydysamu npasunsHUL WeCmUKymHUK
8 niowuHi OXy npsIMoOKymHoi i3omempii)
| —



Jlekuis 2. AkcoHomempisi. [IpsiMOKymHa i3omempisi 9

5. To draw the ellipses in the planes of a orthographic isometric (nobydysamu enincu 8 nnoLuHax
NPSIMOKYMHOI i3omempii)

Itis given (0aHo):

Circles are in the planes Oxy, Oxz and Oyz of X<
axonometric projections, represented in looked ellipses NN
(kona e nnowuHi Oxy, Oxz i Oyz akCOHOMEeMpPUYHUX e S
npoekuiti € enincu). - ~
Two axes of symmetry have an ellipse: AB-large axis
of ellipse; CD-small axis of ellipse (eninc mae 0si oci
cumempii: AB-genuka sicb; CD-mana gicb).
The lengths of axes of ellipse depend of the size of
initial circle: AB=1.22d; CD=0.71d

Ellipses are built approximately like by ovals of four arcs of circles. It is necessary to define position of
four centers and sizes of radiuses. Large axis of every ellipse which is inplane axonometric projection is
perpendicular to the axonometric axis which does not lie in this plane. For example, if ellipse is in plane
x'0'y' - AB perpendicular to Oz.

6. Hatching in axonometric planes of a orthographic isometric (Lumpuxoska 8 akcoHOMeMPUYHUX
nowuHax npssMoKymHoi isomempii)

AA'B'C": A'0O'=B'0O'=C'O'=100 - triangle of hatching Orthogonal isometric of sphere with cut
(MPUKYMHUK WMPUX0BKU) one-eighth part (npsmokymHa i3omempis cchepu
13 8UPI3OM OOHI€ET 80CHMOI YaCMUHU)




10 Laboratory classes 2. Orthographic isometric

1.To draw the projections of prism and its orthographic isometric with the point A on its surface
(nobydysamu npoekuii npusmu ma ii nPSIMOKYmHy i30Mempito 3 mo4ykot A Ha NOBEPXHI)

4 |23
|
| | f
| | 12
[} | [}
Az | | |
o | | |
| | |
I | [}
| | |
[} | [}
| | |
[} | [}
| | |
i ' '
X2 '025y2 Os=x3 Y3 !
| - | L
e ~. | L
~N ! e
\\\ |p}/
e
P L
/// \\
X1 .~ ~.
Xr s ~N y
S
y1
2.To draw the projections of cylinder and its orthographic isometric with the point B on its surface
(nobydysamu nperKZui}' yuniHopa ma (io2o NPSMOKYMHy i30Mempito 3 moyYKkor B Ha nogepxHi)
Z3
|
| '
| |
| |
| .
i |
| .
| |
| .
i |
| |
T (ST |
|
|
~. ! -
~L | LA
\\ IO' //
~_|2-
AN
TN
e I
// \\\
X,/ \




JlabopamopHe 3aHamms 2. [IpssMOKymHa i3omempis 11

3.To find the figure, where the points 1, 2 and 3 are built correctly in an orthographic isometric (exasamu
PUCYHOK, Ha AKOMY hpasusibHO no6ydoeaH/ moyku 1, 2 i 3 8 npAMOKYmHiti i3omempii)

Itis given

Answer ( ): Fig.3 Fig.4

4. By the two projections of model to draw the third projection and its orthographic isometric.To draw the
projections the points A, B and C on the surface of the model (3a dsoma npoexuismu mooerni
nobydysamu mpemr nNPoeKyio ma ii NpAMoKymHy i3omempito, npoekuii moyok A, B, C, ki nexams Ha
nosepxHi Mooerii.)




12 Lecture 3. Orthographic and frontal dimetrics

1.To draw the axes of orthographic dimetric the point A by its coordinates (nobydysamu oci
npsIMOKymHoi dumempii ma moyky A 3a ii koopouHamamu) A(10, 50, 40)

Theoretical coefficients of distortion of u, v, |Z ' |Z

w along the axes of Ox, Oy, Oz is determined: " 0.94(1 .
uHVHW=2 - ) |

If u=w, v=5, then: . | |
U (G)Hu=2 i U= o ! !

and: D Nl Iy N
U=094, v=u=094, W=5=047 , 190(?99—'/—\]({\ =590, X——— <

Practical coefficients of distortion along th& 'Lk N ¥ bog N

axes Ox, Oy, Oz : 0.94(1) h s N
u=v=10, w=05 : : N

0.47(0.5) y

2.To draw a triangle in plane Oxy of orthographic dimetric (nobydysamu pieHobedpeHuL MPUKYMHUK 8
nnowuHi OXy npsiMoKymHoi dumempii)
It is given (0aHo): | ,

z
&
|
|
|
AN

30

30

30 ,

_ |
|
|
o
_w_/\_\!fol,/
30 X—-—""" | \\

- ‘>< == \\

N Y
3.To draw an ellipse (oval) in plane Oxy of orthographic dimetric (nobydysamu eninc (ogarsn) 8 NAoWUHI
Oxy npsmokymHoi dumempii) <

It is given (0aHo):

Sizes of axes of ellipses are in the N,
planes of x'O'y', y'O'z' orthographic /_\,Q /////
dimetric: 1" I\

e large axis AB=106d; |
e small axis CD=035d .

Sizes of axes of ellipse in plane |
x'0'z" orthographic dimetric: - '
e large axis AB=106d; !
e small axis CD=0.95d |




Jlexuisi 3. [pssMokymHa ma ppoHmanbHa dumempii 13

4.To draw the axes of frontal dimetric and the point A by its coordinates (nobydysamu oci ¢hpoHmarnsHoi
dumempii ma mouky A 3a ii koopduHamamu) A(10, 50, 40)

I I I

5.To draw a square in plane Oxy of frontal dimetric

It is given (OaHo): | \Z \%5\
| 1
| | :
I 1 |0_____<D |
:0 iR
-y~ __ _ < ! \IO |
| 0 | |0 T
1 ! I \I,
| x—-—-—-\ —————— K=\ IS
| BRI/ ARSI N
N \\\y' ‘

6.To draw an ellipse (oval) in plane Oxy of frontal dimetric (nobydysamu eninc (ogan) e nnoujuHi Oxy
poHmansHoi dumempii)

It is given (0aHo): S
d
2

X!

Sizes of axes of ellipses are in the planes
of x'O', y'O'Z' frontal dimetric (po3amipu
oceli enincie 8 nnowuHax x'0'y’, y'0'z’
¢poHmarnbHoi dumempii).-

e large axis (senuka sics) AB=106d
e small axis (vana eics) CD=035d

In plane x'0z' - a circle with diameter d
(8 nnowuni x'0O'z' - koo diamempom d)




14 Laboratory classes 3. Orthographic and frontal dimetrics

1.To draw three projections of cone and its frontal dimetric with the line AB on its surface (nobydysamu
mpu NPoeKuii KOHyca ma (020 opoHMarbHy dumempiro 3 niHieto AB Ha nogepxHi.)

4 |23
|
|
|
|
|
| z'
| |
0= |
|
|
|
TNt T ]
i TL\\
\y'

2.To finish drawing ofthe projections the point C on the complex draft and the orthographic dimetric of the
sphere (006ydysamu npoekyii moyku C Ha KOMNIIEKCHOMY KPEC/eHHi ma Ha npsiMOKymHit dumempii Kysi)

Z3




JlabopamopHe 3aHsImmsi 3. AKCOHOMempPUYHi npoekyii 15
3.To draw an axonometric projections the points D, E and F by its coordinates (nobydysamu
akcoHomempuyHi npoekyii movok D, E, F 3a ix koopOuHamamu):
D (20, 10, 35) E (15, 30, 35) F (20, 40, 30)
RI(11) Z RD (13) Z FD (1) i
| | |
| | |
S u |
T~ 1 N ' '
o PN T
S S N
P N N
X,// \yr y y

4.To write position and sizes the large AB and small CD axes of ellipse in the planes Oxy, Oxz and Oyz
of axonometric projections (3anucamu nonoxeHHs ma po3mipu eesnukoi AB ma masnoi CD ocell eninca 6
nnowjuHax Oxy, Oxz i Oyz akCOHOMEMPUYHUX NPOEKUISX)

RI Axis AB | Axis CD RD | AxisAB | Axis CD FD | AxisAB | Axis CD
. ) , 7°to Ox, 7°to Oz,
Oxy: |10z, 1.220|11 Oz, 0.710  Oxy: |10z, 1.060|102,0.350  Oxy: | 50" | 0350
Oxz: Oxz: Oxz: |Circle Circle
Oyz: Oyz: Oyz:

5. What figure is consist of wrong drawing the right triangle in the plane Oxz of axonometric projections
(Ha KoMy puCyHKy HenpaesusbHO nobydogaHull npagunbHUL MpUKymHuUK 8 niowuHi Oxz
aKCOHOMEMPUYHUX NPoeKyti)?

|Z

Answer (8i0nogiosb):



16

Lecture 4. Orthographic projection of lines and planes

1. Lines and planes of

gartial position (n

,OFIM/ ma niiowuHuU 4acmeosgoeco HOHO)KeHHFI)

Horizontal li
B | /725“2. B orll7220na ine 7
0
X X V3
~ \
S h1
N\ y y1
v z Frontal line
2 f2
f 2 P f3
/)‘ : ........
y . yi
Profile line
A Z A
X | ::- \ 0 X . 0 Vs
TBU )
B y ' y
0 3 Horizontal-projection line
2 Z
I2 I3
X 0 Y3
I
¢} y1
Frontal-projection line
oq2 ’ q3
X 0 Y3
K . g
g h
yi
T ‘ Proﬁle-projectiog line
N R P ’
--------------------------------- NG
y y1

Horizontal plan

e

M2 Z s
X 0 V&
M1
i
Frontal plane ;
A A
X 0 Vs
A1
i
Profile plane
V2 Vs
X 0 %
14
y1
Horizontal-projecti%n plane
02 s
X 0 I%
o
i
Frontal-projection plane
z
T2 T3
X 0 ys
Ta
. .y
Profile-projection plane
z
V2 Us
X U Vs
U1
Y1
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δ

AutoCAD SHX Text
τ
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τ22
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υ33

AutoCAD SHX Text
υ


Jlekyisi 4. [pssMOKymHi npoeKuii npsiMux ma niowjuH

17

2. To draw the natural size line AB and corners oo and f its inclination to the planes of projections of

[11 and [12 by the orthographic triangle method (nobydysamu HamyparnsHy enuquHy npsamor

3az2aribH020 NOMOXeHHSI ma Kymu ii Haxuny 00 nnowuH npoekyiti 11 i [12 memodom npsiMOKymHo20

MPUKY, ”u.u.'{a)

z

y

3. To draw the projections a line which belzongs to the plane (nobydysamu npoexyji npsmoi 8 NoWuHI) ,

2 A2 7
., ]
B P
X | | | | )
’ A1_
B
[ A
y
[k y»
, i
</
X 1
B1 97
B \

lz

\A1 _

4. Through the point C to draw a horizc%vtal line which intersect the line AB (4epe3 mouky C no6y0%amu

20pU30HMarb, Aka hepemuHae npsimy AB):
a) general position (3azansH020 NOMOXEHHS)

B
C
A
X 1
N C
B

b) profile position (npocpinibHy npsmy)

B

Cz,
[k A2
[l A
B

Cr




18

Laboratory classes 4. Mutual position of lines. Main lines of the plane

1.To fill a table (3anosHims mabnuyto)

h.

A As

B, B:

A
B

Name (Ha3sa)?

horizontal line

Parallel by? ___ plane 11

Perpendicular by? -
Inclined? by the angle o to 12

Natural size? __on the 11

Name?
Parallel by?
Perpendicular by?
Inclined?

Natural size?

Name?
Parallel by?
Perpendicular by?
Inclined?

Natural size?

Name?
Parallel by?
Perpendicular by?
Inclined?

Natural size?

Name?
Parallel by?
Perpendicular by?
Inclined?

Natural size?

Name?
Parallel by?
Perpendicular by?
Inclined?

Natural size?

Name?
Parallel by?
Perpendicular by?
Inclined?

Natural size?

/>
X‘
A
V] Vs
X
14

Name? horizontal plane
Parallel by? plane 11
Perpendicular by? _to [12, [13
Inclined? -
Natural size? ___on the [11

Name?

Parallel by?

Perpendicular by?
Inclined?
Natural size?

Name?

Parallel by?

Perpendicular by?
Inclined?
Natural size?

Name?

Parallel by?

Perpendicular by?
Inclined?
Natural size?

Name?

Parallel by?

Perpendicular by?
Inclined?
Natural size?

Name?

Parallel?
PerpendicularHa?
Inclined?

Natural size?

Name?

Parallel by?

Perpendicular by?
Inclined?
Natural size?
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2. Through the point C to draw the line CD of general position so that (Yepe3 mouxy C nposecmu npsmy
CD mak, wo6): a) CD|| AB - parallel (napanensHi); b) CD N AB - intersect (nepemuHaromscs); ¢) CD
%/ AB - skew (MumMOBIXHI)

B: C, B: B,

T CZo
C2

A2 / Az -
A2

C1o B A1L
A1

C1 C 1
B+ & B+
3.To draw the plane of general position (nobydysamu nowuHy 3a2arnsH020 NOOKEHHS):
a) by the two parallely lines of b) by the two parallely horizontal lines ¢) by the triangle in which one side -
general position (naparnerisHuMU (napanensHumu eopuzoHmarsamu) — line of general position, second is a
NPSMUMU 3828JT1bHO20 NOTIOXEHHS) horizontal line, the third - profile line

4.To draw frontak-projection plane by - 5, To draw two passing lines of general 0. In the plane ABC to draw main lines

the two parallel lines of general and draw a horizontal line, which (lines, which parallel by the plane of
position (nobyodysamu crossed its (nobydysamu mumobixHi  Projections)
GhpOHMAITEHO-NPOEU0BaITbHY NPsAMI 332a/TbHO20 NOTTOXEHHS Ma B

NIOLUHY NaparesibHUMU NPSMUMUY) - 20pu3oHmarts Yepes Hux)

Co
A2

Cr1

Ai

B



20 Lecture 5. Mutual position of pair of geometrical elements. Position tasks

1. A concept is about competitive points (NOHAMMS NPO KOHKYPYHYI MOYKL)
Points that lie on the same pemendicular to A

the plane of projections are named

competitive in relation to this plane (mouku,

SKi Iexamb Ha 00HOMY NepneHOUKYsapi 00

A

=4

NITOWUHU NPOeKUl, Hasusaromb X
KoHKypyro4umu). Points 1, 2 - competitive in
relation to a plane 1. Point of 1 of segment
CD is visible from above, because it is farther
from the plane 11 (z1>z2). Like for points 3
and 4, competitive in relation to a plane [12.

2. The intersection of line with a plane (nepemuH npsamoi” 3 NIOUUHOK).
Preparatory constructions (nidzomosyi nobydosu):

21= 71

a) to draw a horizontal-projection plane o through line a (o is a auxiliary secant plane)

b) to show the projections of line of intersection of planes of ABC and o;
c) to show the projections of interseﬁtzion lines which belong to the plane o.

az

az

=t 31
| 4

B:
C
Ci
B
ar
A1 o1

a/

b1

3.To analyse the algorithm of finding point of intersection of line m with the plane ABC (left figure) and to
draw the proper constructions on projections.To define visibility of line (g8usHayumu sudumicms npsmor)

The algorithm (anzopumm):

1.me o - line m lies in plane o (npsma m Hanexumes
NIOWUHI 0);

2. cNABC=12 - plane o crosses the plane ABC to the
line 1-2 (nnowuHa o nepemuHae nnouwuHy ABC no
npsamit 1-2);

3.120\m=I - line 1-2 crosses the line m in the point |
(npsma 1-2 nepemunHae npsimy m e moyui l);

4.in relation to the plane ABC determine visibility of line
m by the competitive points (sudumicme npsmoi m

mo2

d

B:

gioHocHO nrnoujuHu ABC susHa4yaemo 3a A
KOHKYPYOYUMU MOYKamU)

C:

A1

B

ms
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4. Intersection of planes by the secant planes (nepemuH nioujuH 3a 00NOMO20K CIYHUX NITOUUH):
a) frontal-projection (chpoHmansHo-npoekuiosansHux), b) horizontal planes of level (2opuzoHmarnsHux)

A

4

%/

22

B

nz

T,2/1. mct

2 TNABC=712
3. 12nm=/

4. nct’

5 1MNABC=34

6.

C2

e

=X

11

21 L('/\

o

4

I1

11

Cy

SO hwho™

34n=1/

wmn=12
. ULNABC=34
. 12M34=/
. wnmn=56

. 56M78=11

. WNABC=78

7
12

p e p
22/ 2

Az
3

C=4

H2

52

/2

8

B:

Ciz4

71

81

5. Complex position tasks (komnnexcHi no3uutxi 3adadi). T hrough a point K to draw a line which crosses two
passing lines (4epe3 moyky K nobydysamu npsmy, sika nepemuHae 08i MUMOBIKHI npsmi):
a) both are general (06u08| 3a2a/1LHO20 NonoxXeHHs1);  b) one of lines is projection (00Ha npoeujrsarsHa)

D: Ay
Az
I
K
C2 KZ B2
B> ?
B1 D1 l B1
K1 i1
K1
At
A1 . Ci
6. Through a point K to draw (4epe3 mouky K nobydysamu):

a) line KL is parallel to the plane ABC;

B>
Az K>
C:

K1

B

b) plane KED is parallel to the plane ABC
B>

A2

C:

K>

A1

Cr1

B

Kr



22 Laboratory classes 5. Mutual position of pair of geometrical elements. Position tasks

1.To draw an intersection line m with the plane of ~ 2.To draw a line, which is parallel to the planes ABC
ABC (nobydysamu nepemuH npsmoi 3 niowuHoro) and DEHG through the point H (vepes mouky M

Algorithm (anzopumi): B;E)ﬁgc):mu npamy napla)fzeano nnowuHam ABC |

E:

1.
2.
3.
4.

A2

A1

D+

3.To draw a line k, which crosses two passing lines a and b and is parallel to the third line ¢
(nobydysamu npsmy k, sika nepemuHae MUMOBDKHI npsimi @ i b ma napanensHa mpemit npsamil c)

z

|
N

\\ aZ

\
Algorithm: / b
C1
s
Terms of parallel of lines and planes (ymosu napanensHocmi):
e /ine is parallel to the plane, if it parallel to the line which belongs fo this plane;

e planes are parallel, if two lines which intersect one plane are parallel to two lines of the second plane;
e /ine is parallel to the two planes, If it Is parallel fo the line of crossing of these planes.

A=
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4.To draw a line k, which crosses three passing lines a, b and ¢ (nobydysamu npsamy k, sika nepemuHae

mpu MumobixHi npsimi a, b i ¢)
a.
C:
C:
\ :

f

' b
X_
Algorithm:
1. C1
2. b
3 a:
4,
5.0n what figure the planes is not parallel (Ha skomy pucyHKy nrowuHY He napanessHi)? G

(0.5

AN

Fig.2 Fig.3 Fig.4

Answer:

6.0n what figure is the mistake to draw intersection the line with the plane (Ha skomy pucyHky
HenpasusbHO nobydogaHa moyka nepemuHy nPSIMOi i3 NTOUUHOK 3a2allbHO20 NOSIOXEHHS)?

1
/ m;

Fig.1
Answer:

Fig.3 Fig.4



24 Lecture 6. Mutual perpendicularly of pair of geometrical elements. Metric tasks

1. Mutually perpendicular lines, one of which is the line of level (
[

If one of mutually
perpendicularly of lines is parallel
to the plane of projections, a direct

corner between of its projects to h
this plane in a natural size ( 2
)
2.To define the natural size of the distance froma  3.To draw the frontal projection of line n, which
point A to the horizontal line h passes through a point B, passing to frontal f and
makes a direct corner with it (
) A ¢
2
B, ) f2
h
At
h1 B+
SN
\ f1

4.To define corners a and B inclination a plane  5.To draw perpendicular to the plane of ABC (long
ABC to the planes of projections P1 and P: 20) from the point D=hNf (3 moyku D=hNf
(susHayumu Kymu Haxuny ni. ABC 0o P1iPz)  nobydysamu nepneHOUKynﬂ% dosxuHoto 20)
2 2

Az C2
C2 p
2
B
B
Cr
A1
At
The lines of greatest slope to the plane of the projections P1 and C

P2 are straight lines which are perpendicular respectively to the
horizontal and frontal in the plane (niHismu HalibinbLwo20 Haxusy 00
niowuH npoekuiti 11 i 112 e npsami, ki nepneHOUKYspHI 8i0NosioHo
00 2opusoHmarni ma ¢hpoHmarii e nnowuHi). Under the action of
gravity, the particle moves in the plane in a straight line perpendicular  Direct perpendicular to the plane if it is perpendicular to two distinct
to the horizontal (nid dieto cunu msxiHs YacmuHka pyxaemscs 6 lines in the plane (npsima nepneHOUKyspHa NMoLUHI, SKWO 80Ha
NOWUHI nO npsmiti nepneHOUKYSPHO 00 20pU30HMarI). nepneHOUKynsipHa 00 80X PI3HU NPAMUX 8 NITOUUHI)
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6. Through the point B of the segment AB to draw a plane a(hNf), which is perpendicular to the AB
(uepe3 mouky B sidpizka AB nobydysamu nnowuHy e(h(Nf), aka nepneHoukynsipHa 0o npsmoi AB):
a) general position (3azansH020 NOMOXKEHHS), b) horizontal line h(AB) (zopusoHmarni h)

A2

Az‘ hz le

B:

B, B
/
A A1

7. Through the point K to draw a plane, which is perpendicular to (4epe3 mouxy K nobydysamu nioujuHy
nepneHOUKynsipHo 00):
a) plane of general positiog ABC (nﬂOLL(U/(-Ii ABC);  b) horizontal-projection plane ¢ (nnowuHi )
2 24 K P

K
\61

8.Through the point K to draw the perpendicular to the line AB (4epe3z m. K nobydysamu nepneHOuKynsp
0o npsmoi AB): a) frontal line (copormarni); b) general position (3azansHo20 NONOXEHHs)

A2

K> B,

K1

A1 B
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26 Laboratory classes 6. Perpendicular of pair of geometrical elements. Metrical tasks

1.Through the point A to draw the lines AB and AC 2.In the plane ABC to draw the line of most

(4epe3 moyky A nobydysamu npsimi AB i AC): inclination to the frontal plane of projection (s
* AB crossed frontal f at right angles (AB nnowuHi ABC nposecmu npsimy Haubinbwoeo
nepemuHae opoHmars f nid npsamum Kymom); Haxusy 00 nrowuHuU npoekuit 12)

* AC is passing to f and made a right angle with it

B>
(AC € mumobixHoro do f nid npamum Kymom)
/ f
f2 o2
Az G
I
B1I

.

‘ f1 | A 01
1
3.To draw the isosceles triangle ABC with 4.To draw the point B, symmetric the point A in relation to the plane
basis AB and high h=25 (nobyoysamu (nobydysamu mouky B cumempudHo moHuj A 8iOHOCHO NITOWYUHU) :
pigHsi06edpeHul mpukymHuk ABC 3 a) frontal-projection z; b) general position CDE

ocHogor AB i sucomoro h=295) D: ? A2
B: T2
>E2
/
A2 A2 CZ
f

C1
o A1
A1 A1

B1 DN =

5.To draw the geometrical place of points, equidistant from (nobydysamu 2eomempuyHe micuye mo4ok
pigHogi00aneHux eid):
a) two points A and B éeid moyok A i B); b) three points A, BBand C (mpox moyok A, Bi C)
2 0 , ©

Cz

o

o—+—o0

A1

Bio B ¢ 4C1
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6. Through the point A to draw a plane perpendicular7.To define natural length of the distances from the
to the two planes BCD and t ( point A to the line k of general position (
)

C2 k2
T2
D:
B2 TAZ
: s
&Q
D+

8.To draw the orthographic triangle ABC with basis 9.To draw the horizontal projection of rectangle
of AB and direction of hypotenuse n (nobydysamu  ABCD (nbydysamu 2opusoHmarsHy npoekuto
npsMokymHuti mpukymHuk ABC 3a ocHogo AB i npsaMOKymuHKa ABCD)

HanpsmMoMm 2inomeHy3u n)
nz
B:
D:

B

| §
B1 \n1
10.Where is wrong the plane through the middle of segment of AB and the perpendicular to it ( Ha sikomy
PUCYHKY HenpagurnbHO nobydosaHa niowuHa Yepes cepeduHy gidpidka AB ma nepneHAukynspHa 0o

?
Hb0R20) f Az —
%}\Bz Az___o__Bz
(04
K A1><
A1 B+
B

Fig.3 Fig.4

Answer:
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28 Lecture 7. Method of replacement of planes of projections

o 7. The essence of the method (cymbs memody):

o new (addlifional) plane of projections is perpendicular to one of basic planes projections 11, 12 or 13

e af substituting of frontal plane of projections 12 by any horizontal-projection, for example 14,

e co-ordinate to the point A will be the same in this plane, as well as in plane 2; -

e analogically, at substituting of horizontal plane of projections 11 by any frontal-projection plane,
coordinates y are constant;-

o /f /L; possible and successive replacement planes of projections, for example, [11 to [14, and 14 to [15
and so on

z
z
| A,
[l o sA
A2
A4 :
/ I [l4
A |
1 |
|
o
| X12
|
X i I I
.
N
AN
\
N
AN
A1 Y
[l v I
y
2.To make the general position line AB to the line 3. To make the line AB general position to projection
of level (npsimy 3azarnbHo20 nonoxeHHs AB (npsimy 3azanbHo20 nonoxeHHs AB nepemesopumu
nepemeopumu 8 npsmy pigHsi) Az 8 NPoeKUitosaribHy) Az

et et
Tt et

The decision of this task is used for; -

e determination of comers inclination of segment of line of - The decision of this task is used for a distance-findiing: -
general to the planes of projections of P+ and Pz; o from the point to general position line;

e determination of natural size of segment line of general e between two parallel lines; -
position e between two passing lines
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4.To make the general position plane ABC to projection (nnoujuHy 3azansHo2o nonoxeHHs ABC
The decision of this task is used for determination

nepemeopumMU 8 NPoeKuito8arbHy)

2

</

(piweHHs yjei 3ad0ayi sukopucmosyemscs npu
3HaXO0XEHHI):

e corners inclination of plane of general position to

planes of projections 11 and 12 (kymis Haxurny
NIOWUHU 3a2a/1bH020 NOTOXEHHS 00 NIOUWUH
npoexuyiti);

e distances from a point to the plane (giocmari eid

MOoYKU 00 NITOWUHU);

e distances between parallel a line and plane

(8idcmaHi MiX NPAMOIO | NITOWUHOI); -

e distances between two parallel planes (siocmari

Mix 080Ma napanesnbHuMu dgoma npsmMumu i
deoma niowuHamu)

5.To make the general position plane ABC to the plane of level (nnowuHy ABC 3az2ansH020 NONOXEHHs
nepemeopumu 8 NiIOWUHY PieHS)

A

C.

X2 [1:
Il

A

N\

Ci

6.To draw a trihedral prism high 20 mm (

B:

A

Ci

C:

The decision of this task is usec
for (piweHHs ujei 3adavi
8UKOPUCMOBYEMbCS NPU
3HaXOO0XEeHHI):

e gelermination of natural sizes
of any flat compartment,
corner of crossing or erasing
of lines (HamyparsHoi
8€/IU4UHU NIT0CK020 8IOCIKY),

e gistances between
geometrical elements in plane
(8idcmaHi Mix
2e0MempUYHUMU
eniemeHmamu 8 NIOWUHI);

e [0 the construction in plane
any with birth-certificate
(square, circle et cetera)

)



30 Laboratory classes 7. Method of replacement of planes projections

1.To draw the natural size of distance from the point A to the line BC (nobyodysamu HamyparsHy
8e/1uyuHy sidcmari 8i0 moyku A do npamoi BC)

A, (0

1, Al C

2.To draw the distance between two passing lines AB and CD (nobydysamu HamyparisbHy 8enuduHy
giocmani Mix 0soma mumobixHumu npsmumu AB i CD )

A
C2 D2,
X2 nz BZ
[,
B D
-
Ci

3.To draw the natural size of dihedral angle at the edge AB (nobydysamu HamyparnsHy 8eflU4UHY Kyma
npu pebpi AB)
D:
D1

B:
A2
X12 [1. C
I71 B1
A1
/C/
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4.To draw the angles of inclination of the plane ABC to the planes of projections [1: and [Tz (nobydysamu
Kym Haxusy ninouwuHu 0o nnowjuH npoexyiti M i [T2)

B:
A
C:
[l
X2

M e

A \/C1

B

5.To draw the distance from the point K to the plane ABC (nobydysamu gidcmats 8id moyku K do
nnowuHu ABC) K, B,

A

,72 C2

[T

A

Ci

44

6.To draw the center O circles described round a triangle ABC (nobydysamu ueHmp O kona onucaHozo
Haekos10 mpukymHuka ABC)

B.

X4



32 Lecture 8. Method of the plane-parallel moving. Rotation round the lines of level

1. Properties of plane-parallel moving (enacmusocmi
niockonaparnenbHo20 nepemMillieHHs)

If any figure, for example, pyramid is clutch of between two
planes, which are parallel to the frontal plane of projections, and
into this layer to move a figure on an arbitrary trajectory, such
moving is called plane-parallel in relation to the frontal plane of
projections. In such case a new frontal projection after moving
changes position only. Its kind and sizes remain without changes.
A new horizontal projection changes the kind. Every its point, for
example, S moves in plane, parallel [12. In the projection on 11
every point will move on a line, to parallel axis Ox (fig. from
above).

Analogical, plane-parallel moving of figure in relation to the
horizontal plane of projections (fig. from below).

By the method of the plane-parallel moving is solved those
metrical tasks, like and by the method of replacement of planes of
projections. A difference is in translation of weekend information in
partial position is carried out not due to replacement of planes of
projections at unchanging position of figure, but due to moving of
figure at the unchanging system of planes of projections.

2.To make the general position line AB to projection (npsmy AB
nepemeopumu 8 npoekyitosarbsHy)

2

X1z A;

X

A2
S"
A1 i A'i
|
|
S 'S,

S2 1S
|
/\ /\
A, yix
LN
S'1
A’

X

?

A

B

3.To make the general position plane ABC to level (nnowuHy ABC 3az2ansHo20 NonoxeHHs

nepemsopumu 8 nmuugy PigHs1)
2

A;

C:

X1z
A;

Ci

B
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4. Method of rotation round the lines of level (memod
obepmaHHs HagKOoI0 NPSIMUX YacmK08020 NOTOXEHHS)

General position plane ABC is revolved round the line of
level (on figute - round the horizontal line of h(AC) until it will
not become parallel to P1. As plane after a turn becomes
parallel to this plane of projections, then it projecting on it in
a natural size.

At application of method of rotation on projections it follows
to mean the following:

* top B describes the circle of radius RB, plane of what is
perpendicular to the horizontal line h; -

* new position of top B is in the distance RB from a
horizontal line which is the axis of rotation; -

* natural size of the radius of rotation RB is found by the
method of orthographic triangle.

Triangle ABC and its projection after rotation is marked by
the stroke

A

Rs

A

’
[ -
B:Y;

R ’
‘e .0
’ s ¢
‘s
B’

’ 4

7 r’¢ PRV

’ ’ ’
~"H.8. .
IR IR AMIRE

YN

hi

5.To draw a natural size (nobydysamu HamyparbsHy 8efudUHYy):

a) planes ABC by rotations around a horizontal line 6) line AB by rotations around horizontal -
(nnowuHu ABC obepmaHHsIM HagKoro 20pU3oHmarti) projection line (npsmoi AB Hagkoro

B

A2

0%

B:

Az

Cs
<

20PU30HMarbHO-NPOEKUH08asbHOI NPSIMOI)

B

Cr

B

A1/

6. Requirements for making the task on the methods of moving



34 Laboratory classes 8. Method of the plane-parallel moving

1.To draw the natural size of the distance from a point A to the line BC (nobydysamu HamyparsHy
8e/1uyuHy sidcmari 8i0 moyku A do npamoi BC)

A2,
/Cz
B: /

A1}
81/

2.To draw the angle of slope the plane ABC to the horizontal plane and its natural size (no6ydysamu kym
Haxuny nnowuHu ABC B? 20PU30HMaAITbHOI NOWUHU nPoeKyiti)

A2
C:
B

X12

A1
C1

3.To draw the natural size of the corner of crossing lines AB and CD (nobydysamu HamyparnsiHy
genuquHy Kyma mumobikHocmi npsmux AB i CD). The corner of crossing lines AB and CD is measured
the corner KML, the sides of which are in pairs parallel a initial lines: KM Il AB, CD Il LM (kym
nepemuHy npsmux AB i CD sumiproemscs kymom KML, KM Il AB, CD Il LM)

Cz B2 M2
> L
A / \D: K 2
X12
A1J\
\81
D1 L
1
/ K1\/
C1 M1
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4.To finish building the horisontal-projection polygon ABCDE and define its natural size by the method of
rotation round the line of level (0obydysamu 2opusoHmarnsHy npoekujio bazamokymHuka ABCDE ma

8U3Hayumu (io20 HamyparbHy 6enu4UHy)
2

C>
D>

Az, B

Ai

=)
B

5. Where is there natural size of triangle wrong (Ha siKomy pucyHKy HenpasussHo nobydosaHa
HamypasbHa 8e/lu4uHa MPUKYMHuUKa)?

C B> B:
AZ‘%BZ

_
ok
c. B
Fig. 1 Fig.2

Answer:



36 Lecture 9. Intersection of geometrical bodies by planes and lines

1. The holes of geometrical bodlies of projections planes (nepepiu
2e0MempPUYHUX Mif NPOEKUio8anbHUMU NIOWUHaMU)

The projection of a hole coincides with the linear projection of projection plane
which serves as basis for the construction of other projections. For its construction
the method of auxiliary secant planes used which give simple holes is.

Depending on position of secant plane in relation to a geometrical body, it is uz
possible to get characteristic holes.

By lines the hole of cone there are all curves of 2th order, and also case of

disintegration of curve, on two lines:

o ¢cllpse - secant plane crosses all formative of cone, -

° p?faboja - secant plane of paralle/ fo one formative of cone (unseals one cavily
of cone);

o /yperbola - secant plane of parallel to two to formative of cone (unseals two
cavities of cone); -

e circle - secant plane of pervendicular of axis of cone,

® wo lines which infersect - secant plane passes through the top of cone

2.To draw the projections of the hole frontal projection plane and its natural size (nobydysamu npoexuii nepepizy
(hPOHMaILHO-NPOEKUjH0B8ATBHOK NITOLYUHOK Ma (020 HamypasTbiIHy 8E/IUYUHY):
a) correct tetrahedral pyramid (npagurisHoI 4-x 2parHoI nipamiou); b) cone (koHyca)

D Ci

In the case when secant plane is the plane of general position, expediently by the method of replacement of planes of
projections or plane-parallel moving to pass to such system of projections, in which secant plane will be projection (koru
CiyHa NyIoLYUHa € NITOLYUHOH 382alTbHOR0 NOTTOKEHHS, MOodi HEOBXIOHO MeMOOOM 3aMiHU NITOU{UH NPoeKUjt abo
NIIOCKO-NaparesTeHo20 NEPEMILLIEHHS NPULIMU A0 cUCMEMU NPOEKUIL, 8 SIKUX CidHa niouiuHa byde npoexuikosearibHa)
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4.To draw the section of trihedral pyramid SABCD by the general position plane EFG (nobydysamu nepepia nipami-
Ou SABCD nn. EFG) S

xo 1A

Al

5. The crossing of line and surface. Algorithm solving:
1.through the line MN to draw a secant plane so that it gave a simple hole a surface;

2.to draw a holeting curve of surface with a secant plane;
3.to draw the sought after points, as intersections line MN and lines a hole;

4.to found visibility of line MN

To draw intersections line MN with the inclined (nobydysamu nepemur npsamoi MN 3 HaxuneHor):
a) prism (npusmor); b) cylinder (yuniHopom)

M.
N.

/

/
/

M;




38 Laboratory classes 9. Intersection of geometrical bodies by planes and lines

1.To draw the projections and natural size the section of cone by the plane (nobyodysamu npoexuii ma
HamyparibHy 8eIU4UHY hepepisy KOHyca NIOUWUHOI):
a) partial position (4acmko8020 NoMoXeHHs); b) general position (3a2anbH020 NOMOXEHHS)

O
2.To draw intersections line of MN (nobydysamu moyku nepemuHy npsmoi MN 3):
a) sphere (cchepor); b) cone (koHycom)

I71)I(7’: X1z
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3.To draw intersections lines with a cylinder (nobydysamu moyku nepemuHy npsamux 3 YumiHopom)

f2

1

\®

e

SRISEISE

4.To write down the number of figure a section in a table, which answers the set plane (3anuwime 6
mabnuuto Homep hicypu, siKka 8ionogioae CiuHili NIOUUHI)

T2




40 Lecture 10. Tangent planes. Geometrical bodies with the through openings
n

1. Planes which are tangent to the surfaces.

Tangent planes are maximum position of secant planes.

In general case of plane touches to the curvilinear surface
in a point.To set in a point A surfaces tangent to it, it is
enough to build two tangents lines to any lines but also b
surfaces which pass a plane through a point A line n, which
Is perpendicular to the tangent plane in a point A, named a
normal to the surface.

In the case when surface of horizontal, plane touches to it
along formative and. Then for determination of tangent
plane it is enough to set only one tangent to any line b.

Tangent planes on figure are shaded

2.To draw tangent plane in a point A do nogepxHi (nobydysamu 00muYHI NIOWUHU 8 MOoYLi):
a) sphere (cchepu); b) cone (koHyca)

3. Method of complete sections of construction of the through prismatic openings of geometrical bodies
(Memo0d nosHux nepepisie N0bY008U HACKPI3HUX OMBOPI8 2e0MempPUYHUX M)

Algorithm: 1) to continue the verges of the prismatic opening or hole to complete the hole; 2) to present,
what lines in space appear at the complete section of body every verge; 3) to build the projections of
figures (lines) complete a hole; 4) to select those areas of holes, which behave to the through opening; 5)
to rotin visibility, select superfluous lines

The construction of the through opening (to the hole) in an axonometry at first needs to be built all lines
of complete sections, and then to point opening contours recognition visibility.
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4.To draw projections and natural size section of the cone with hole (no6ydysamu npoekuii ma
HamyparibHy 8e/lU4UHy hepepisy KoHyca) /

5.To draw the profile projection of bullet with the through prismatic which and natural size of the hole B-B
(nobydysamu npohiribHy NPOEKU0 Kyrli 3 HACKPI3HUM NpU3MamuyHUM 0meopoM ma HamyparnbHy
genu4uHy nepepisy B-B)




42 Laboratory classes 10. Geometrical bodies with a cut-through

1.To draw the projections and orthographic dimetric of the pyramid with with a cut-through (nobydysamu
npoeKuii ma npsMoOKymHy Oumempito napamiou 3 0meopom)

7

2.To draw the projections of cylinder with a cut-through (nobydysamu npO(laKuii' yuniHopa 3 eupiaom)
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3.To draw the projections cone with a cut-through (nobydysamu npoekuii KOHYce 3 HaCKPI3HUM 8UPI30M)




44 Lecture 11. Mutual intersection of geometric bodies

1. Method of secant auxiliary planes (memod donomixHux
CIYHUX NIOUWUH)

Algorithm of construction:

e to enter the auxiliary plane of m, which gives simple section
with the surfaces;

e find lines a section;

e fo find points crossing of lines.
Other points of line of crossing are like.

2.To draw the line of crossing of sphere with a cone (nobydysamu niHito nepemuHy KoHyca i3 cheporo)

3. Method of auxiliary secamt concentric spheres (Memood 0onoMiKHUX CIYHUX cehep)

If an axis of body of rotation passes through the center of bullet, the body of rotation
intersects with a bullet on a circle. If an axis of body of rotation is parallelly to one of '
planes of projections, a circle is projected on this plane of the segment of straight line. |
This property is used for the construction of lines of crossing of two surfaces of rotation. I
In quality mediators it is expedient to use spheres with a center in an intersection axes |
of bodies of rotation. e

1 The method of auxiliary secant concentric spheres is used of next three terms: !
|
|

2.
3.
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4.The construction of line of crossing of sphere and a cone (nobydoga
JTiHIT nepemuHy cgbepu 3 KOHYcoM)

The line of crossing of two surfaces of the second order is a curve of
fourth order, which can disintegrate on four lines, line and curve of the
third order, or two curves of the second order. If two surfaces of the
second order are described round the third surface of the second order,
thg line of their crossing disintegrates on two flat curves of the second
order

5.To draw the line of crossing of cone and the cylinder (nobyoysamu siHiko
nepemuHy KoHyca 3 UuriHopg#

Rma

6.Method of auxiliary secant eccentric spheres of construction of line of crossing of surfaces of rotation (vemod
OONOMIKHUX CIHHUX EKCUSHMPUYHUX CGhep) |

|
| /_- /”J—\\
~ | ~
|
|
|




46 Laboratory classes 11. Construction of lines of the mutual crossing of solids

1.To draw the line of crossing of cylinder and cone (nobydysamu niHio nepemuHy YurniHopa 3 KOHycom)

[\

\
|
|
|
4 ! \
I/ | \
t—— D
\ /
\\ | /
15— JI_ _____ L
N | na
N | =
\\|__/

2.What example does not allow to apply the method of secant concentric spheres (Ha sikomy pucyHky He
MOXHa suKopucmamu Memod CiYHUX KOHUEHMPUYHUX chep)?

A2
Q. Q

%

Answer;
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3.To draw the line of crossing (nobydysamu f1iHi0 NepemuHy):
a) two cones (080x KoHycig);

b) cylinder with a torus (yuniHopa 3 mopom)

/——<

/
/

/

\

\
\

\

|
/

/
/

4.To draw the line of crossing of two cylinders (nobydysamu niHiro nepemuHy deox yuniHopig). On what

|
|
|
~—

—~

figure the theorem of Monge is executed on (Ha sKomy pucyHKy 8UKOHYembcs meopema MoHxa)?
] ] ]

Fig.3

S




48 Lecture 12. Involutes of surfaces

1.Substantive provisions (0CHO8HI NOIOXEHHS)

Developed of surfaces can be bended combine with a plane without breaks and folds (po3zopmHi
NoBEPXHI MOXymb Bymu cymiuieHi Ha nioujury 6es pospusig i cknadok). All polyhedrons are developed
(8ci bazamoapaHHUKU € pO320PMHUMU)

2.To draw envelop the part of pyramid (nobydysamu po32opmky YacmuHu nipamiou)

DO CO

Ao Bo




Lecture 12. Involutes of surfaces

49

3.To draw the involute of the inclined cylinder (nobydysamu po32opmKy HaxuneHozo yuniHopa)

7
|
|
|
|
[
|
|
|
|

|

|
| _ |
I

4.To draw the approximately of the sphere (nobyodyeamu HabnuxeHy pbseomey chepu)




50 Laboratory classes 12. Involutes of surfaces

1.To draw the develop of the shaped parts of water-shoot (nobydysamu po320pmKU (haCoHHUX YacmuH
godocmidHoi mpybu): a) cylinder (yunindpa)

| -
—
—
—

e

b) cone (koHyca)
S2

So

=
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2.To draw the projections of the cut prism by the plane and natural size of section (nobydysamu npoekuji
3pizaHol npuamu ma H.e. nepepidy). To draw the develop of the part of prism (nobydysamu po3zopmky
3pi3aHoi YacmuHuU npusMu)

|
|
|
h: !
w :
n |
X1212 l
1 M1 Az B: C:
B
fi
hi
A1
C
[l 1,

X14

3.Where is develop of prism with cut-through is correct (Oe npagunsHo nobydogaHa po3zopmka npumu)?
It is given (daHo):

Fig.2

Answer:
4.What surface is possible to develop only approximately (sika i3 N08epxoHb € po320PMHOK)?

‘Fig.1 ‘ Fig.2 ‘Fig.3 Fig.4

Answer:




52 Lecture 13. Plane and space curves

1. Basic determinations, properties, classification (0CHO8HI 8U3HaYeHHs, 8riacmusocmi, Knacudikaujs)

Lines can be flat and space (kpusi no0insomscs Ha Niocki ma npocmoposi). .
Basket curve is a line, which consists the arcs and circles (kopobosa kpusa cknadaemscs ia 0ye, ki
Marms chifibHy 00MUYHY 8 MoyKax ix Cmuky)

The examples of curves 2th order and transcendent curves (npukriadu Kpusux 2-20 NOPsIoKy, MpaHCUEHOEHMHUX)

Elipse: x*/a+y* /b1 Parabola: y=ax’ Hyperbola: x> /a*-y? /b1

y ¥ !
| |
| |
| |

X A0
|
*:
N O A\ N K 2 I —y
Spiral of Archimedes (criparis Cycloid (Ljukrioioa)

Apxiveda)
y

2.To draw the basket curve (nobydysamu kopobosy Kpugy):
a) arch (o4epk csody); b) fist whit the diameter of AB (kyriaqok 3a diavermpom AB)

g
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3.To draw an ellipse (nobyodysamu erinc):
a) by the large AB and small CD axes b) by its conjugating diameters AB and CD

4.To draw a cycloid - trajectory of point of circle which rolls by the line without sliding (nobydysamu
UUKI10idy - mpaekmopito MOYKU Ha KOii, 5Ka Komumbcs no npsmiti 6e3 Kog3aHHS1)

5.To draw a helix curve (nobydysamu 28UHMOBY JiHIK):
a) on a cylinder (Ha ULriHOpI) b) on a cone (Ha koHyc)

—_.— e —— A — —— = — = — - ——

—_ At —— A — ——— - — =




54 Laboratory classes 13. Flat and space space lines

1.To draw an mates (nobydysamu cnpsxeHHs):

a) two lines m and n after the point  b) external interface ofinemand  c¢) external interface of two circles of
A (an interface is on the line m) circle of radlius R1 by the arc of circle  radiuses R1 and R2 by the arc of
of radlius r=10 circle of radius R=10 (example)

2.To draw the basket curve through the set points A, B, C, D, E and F (nobydysamu kopobogy kpugy
4yepe3 3adaHi moyku A, B, C, D, E i F) F

B E

D
3.To draw (nobydysamu):
a) the parabola by its tangents in points A and B b) the hyperbola by its axis Ox, top O and point A
(napabony 3a dgoma domuyHuMU 3 Mo4oK A i B) (2inepbony 3a ii eiccto Ox, sepwuHow O im. A)
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4.To draw (nobyoysamu):
a) the spiral Archimedes - trajectory of point, that moves b) the evolvent of circle radius r=8 (esonsgeHmy
on aline and revolved (cnipgris Apxiveda) Kora)

6.To draw the conchoidal transformation of line AB by the initial center S and parameter d=25
(nobydysamu koHxoidarnbHe nepemeopeHHsi npsiMoiAB 3a ueHmpom S i senuduHor d=25)

°S
7.Named the curves of 2th order, which is the section of cone by a secant plane t (Ha3zgims Kpusi 2-20
nopsiOKy, ki 8idnosidatome nepepizam KOHyca CIYHOK NIOUWUHOK T)?

T2 T2

Fig.1 Fig.2 Fig.3 Fig.4
Answer: 1- ; 2- [ 3- ; 4-
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56 Lecture 14. Surfaces of difficult education

1.General information (3azarnsHi eidomocmi)

In descriptive geometry surface are examine as an aggregate of
successive positions of some mobile in spacious lines and, which moves
by the some law, in particular to other lines. A mobile line is named
formative, and immobile - sending surface. Such method of formation of
surface is named a kinematics.

2.The examples of kinematics surfaces (npuknadu KiHemamu4yHUX NO8EPXOHb)

The half of sphere Elliptical torus Hyperboloid Hypar (zinap)
(nisccpepa) (eninmuyHul mop) (2inep60os10i0)

Psevdosphere Cycle surface (uukniyHa nosepxHsi) Screw surface
(ncesdokynsi) (28UHMQBa NOBEPXHS)

M
jI1

v
LN

I A\
4=y

\\||"l'
S,

3.Determinants divided (sloping) lihear surfaces
1.General surface 2.Cylindroid 3.Conoid

4.Hyperboloid 5.Hypar 6.Sloping helicoid
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4.To draw the surfaces (nobydysamu nogepxHi):

a) cylindroid (LiuiHOpoiod) b) slanting plane - gipar (kocy nrowuHy - zinap)
| m2 nz
|
|
|
|
a: b2 !
|
mi
b1 !
|
|
|
|
| ni
ai I
|
¢) a monolocular hyperboloid of rotation d) the slanting closed helicoid (kocuti 3akpumuti eesikoio)

(0OHONOPOXHUHHUL 2inepbos1oid obepmarHs)




58 Laboratory classes 14. Surfaces of difficult education

1.To draw surfaces (nobydysamu nosepxHi):

a) spiral conoid (direct closed helicoid), which is ~ b) spiral cidindroid (direct opened helicoid) which is

set by cylinder spirally, by the axis of cylinder and  set by two cylinder spiral lines and plane of

plane of parallelism 11 (26u+mosull koHoI0) parallelism 11 ( 28UHMORUL YuniHopoiod)
I

At ——t -~

- — - —-— -

¢) developed helicoid, which is set by the spiral line - surface of tangents lines to the space curve (po3zopmHuti
2eJTIK0I0 - N0BEPXHS O0MUYHUX A0 28UHMOBOI JTiHii)

A A — = A = —  —f = ——
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>

2.Where is built on slanting closed helicoid (de nobydosaHutl kocutl 3akpumutl 2esikoid)?

) i9.2 Fig.3 Fig.4
Answer:

3.What surface is divided out on the plane without folds and breaks (sika i3 n08epx0oHb € PO320PMHOK):

direct closed helicoid ~ hypar (sloping plane) cone monolocular hyperboloid
(conoid) . of rotation

Fig.1

Answer:

4.The example of examination ticket (npuknad eksameHauitiHozo binemy)

1. Cymb memody 3amiHu nowuH npoekuiti (Ha npuknadi 3adavi 3)

2. [Nobydysamu niHito nepemuHy 980x 3. BuaHa4umu HamyparibHy 8enudyuHy eidcmari 4. [106ydysamu npoexuii fiHii
nnowuH ABC i (mn) 8i0 moyku M 0o npsmoi AB Memodom 3amiHu nepemuHy NMOWUHU T 3 Kynew
NAOWUH
nz B, T
m 4
; Az
A2 o <
M:
[0} 82
C:
n

m1 Cq M1<> B1
As,
A
B
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60 Olimpiad tasks

Task 1. In the plane, which is set by the two crossings lines, to build  Task 2. In the plane of triangle ABC through the point A to draw a line

the geometrical place of the point which are of equidistant from under the comer 30° to horizontal-projection line which passes
planes projections P1 and P2 (s nrouwjuHi, sika 3adaHa 0goma through the point A (g nrowjuHi ABC yepes moyky A nposecmu
nepemuHaro4uMu hpamumu, nobydysamu 2eoMempuyHe Micuye npamy nid kymom 30° 00 20pU30HMasTLHO- NPOEKU08asTEHOI NPAMOI
MOYoK pigHOBIOAanEeHUX 8id nTouwjuH npoekyiti M1 i ) I, iKka npoxodume Yepe3 mouky A)
Z I2
\ X Y Zz A X y z
A 195|501 40 A 603545
e B|70|10]10 C.| | B|95|30]|10
B. cls30]30]2] g cl30]20]20
X 0 0
B ut
B Ci
C1 A1
A
y y

Task 3. In the plane ABC through the point A to draw a line under the Task 4.To draw the geometrical place of points which are equidistant
corner 60° to the plane P1 (s nnowuHi mpuxkymHuka ABC yepes  from four points A, B, C and D (nobydysamu eeomempudHe micue

mouyky A npogecmu npsamy nid kymom 60° o nnowuHu ) MOYOK, plgHogiId0aneHux 8i0 Yyomupbox mo4ok A, B, C i D)
Y4 Y4
A, x| Y| z A, X |y | z
A 40| 35|30 D. A 1903530
B |70 | 60 B |60| 5 |10
Cl15]40]| 0 T82 TCz C|30|15]|10
B: C.
D 101535
X 0 X b B, l 0
A1 C7 D y
Ci
A
B1 y y

Task 5. In the plane CDZMN to build the geometrical place of points Task 6. In the triangle ABC to enter a circle. On the entered circle, as
which are equidistant from points A and B (s nrouwjuri o.(CDMN) — on the basis, to build a direct cone high 40 mm (g mpukymHuk ABC
nobydysamu 2eomempuyHe micue mo4og pieHogi00aneHux 8i0  enucamu Koo, Ha OCHO8I K020 no6y0yea£7u npPSMUL KOHYC

moyok A i B) A gucomoto 40 mMm) B;
2
N, X | Y| z x|y | z
% 416013550 416945120
3 Bl15]10]|15 A B |40|65] 55
2
7D T clos| 5|40 C:| |c|18]15]| 8
D|70|55|15
X N, [ 1o X 0
c\ / B | | M|90|55]|15 4
Nle6s| s [0 1
A1 A;
M1 D1 y B1 y




3adavyi 3 onimniadu 3 HapucHoi 2eoMmempii
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Task 7. The frontal projection of A2B2 of line of AB to form the comer of 46°  Task 8. In the plane ABC to build the point M, which are equidistant

with the plane of P1. To draw the honizontal projection of A1 B1 of line of AB  from the planes of projections P1 and P2 on the size I=25 mm (g

(3a0aHa ghpoHmarisHa npoekuist A:B2 npamoi AB. lpsiva AB ymeoproe 3

nrowuHoro [ kym 45°. [Tobydysamu aopuaol}maany npoexuio AB1

nnowuHi mpukymHuka ABC nobydysamu mouky M, sika

pigHosiddaneHa 8id nnowjuH npoexuiti 1 i M2 Ha eenuduHy I=25 mm)

npsmoi AB) z
A B:
A: 55140130
0|2 |0 A
B, &
X 0 X 0
A
A -
B:
y y

X |V |z
A4 1553025
B 354540
C 12040 5

Task 9.To draw the horizontal and profile projections of hollow bullet with a prismatic cut-through (nobydysamu 2opu3oHmarnsHy i
npoinbHy NPOeKuUii NOPOXHUCMOT Ky/1i 3 npu3MamuyHUM 8Upi3om)

30

30

30




62 An example of test work by the projection draft

To draw (nobydysamu):

* to write by the font 7 last name, name, patronymic and number of the ticket (Hanucamu wpughmom
7npissuuwje, im's, no bameKosi ma Homep c8o20 binema);

* to draw from a ticket a model and to execute necessary sections (nepexpecrnumu i3 binema mMooess |
8UKOHamu HeobXiOHi po3pi3u);

* to build a model axonometry with the hole of one fourth part (nobydysamu akcoHomempito Modesi i3
8UPI30M 00HIET 4emeepmoi YacmuHu)

Pointing is to implementation (ekasieku 00 8UKOHaHHS):
e if a model is symmetric, it is necessary to combine the half of section with the half of view (kw0
modesib cumempuyHa, mo HeobXiOHO NOEOHY8amu NOI08UHY PO3PI3Y i3 NOTOBUHOIK 8UNA0Y);
e a view and section is divided the dash-dotted axis of symmetry (8ud | po3piz po3dinsrms
WMPUXNYHKMUPHOK 8iccro cumempii).



lMpuknad 3anikoeoi po6omu 3 NnPoeKyiliHo20 KPECTIeHHS

63

CamypaeHko Camypal Camypaesuy
binem Ne31
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For notes




Ans Homamok
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