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Summary

This work consists of three parts. In the first part it is given the program of
propedeutical course - “Foundation of engineering geometry”, which is elaborated and
approved by us in practice and methods of teaching of the themes foreseen by this
program are considered there.

According to the Act of Georgia “About high school” wide programs of
improvement of methods of individual disciplines teaching are operating in the
Georgian Technical University. Problems of graphical disciplines teaching at the
architectural specialties are among them. From the beginning the crusial role in the
preparation of specialists of this field is given to the graphical methods, in particular
to the teaching of descriptive geometry and applied perspectives. Despite the fact
that teaching courses of geometry and drawing lay the foundation of teaching of
descriptive geometry, as well as of its branch — applied perspectives, as the practice
shows, it is not enough and the knowledge obtained in the school always requires
certain supplement by other advanced selected themes, and as result of their teaching
students working conditions change significantly and quality of teaching improves
sensibly. Search of exactly such themes generates a need of creation of propedeutical
course, which was called lately “Basis of engineering geometry”.

This work begins from the consideration of basic notions of constructive
geometry. It is said that those branch of geometry which studies geometrical
constructions is known as construction geometry. The main notion of construction
geometry is the construction of geometrical figure. This notion is accepted without
any determination and its specific meaning is known from the practice. For example:
“to draw” (line), “to draw” (straight line), “to mark” (point) and so on. Main
postul ates, axioms of construction geometry and their results are showed there.

After that elementary problems of construction and the methods of their
solving are given. It is explained, that the solving of construction problem means the
composure of the list of finite quantity operations, which are based on the axioms of
constructive geometry, by consecutive performing of which we will get the required
figure and that the list of operations necessary for solving of the problem depends on
those instruments, by use of which we intend to solve the problem. Approximate
scheme of construction problems solving is outlined and several examples are
considered. It is noted that proceeding from teaching purposes it is recommended to
divide the solving of contruction problems by following stages, which are commonly
used in practice: 1) analyze; 2) construction; 3) proof; 4) research. It is noted here that
maybe it is not and cannot be necessary to separate these stages from each other.

Here we try to represent rather new interpretation of the essense of geometrical
locus and to show the examples of its use as a method in the construction problems. A
small excursus into the principles of geometry is given here. It is said that in Aristotel
opinion if the discrete quantity is considered as the multiplity of points, than it is
impossible to consider continous quantity as the multiplity of inseparable elements.
Several problems of construction are considered, where the scheme consisted from
four stages (analyze, construction, proof, research) of solving of construction problem
is kept.

It is given the definition of geometry used in the school course: geometry is a
science about the properties of geometric figures. Afterwards it is specified about
what kind of figures' properties we speak and what can we call the geometric property
of figure.

Proceeding from certain discussion the answer on the question, what is
geometry is formulated in the following redaction: geometry is the science which
studies those properties of geometric figures which remain unchanged during figure’s
movement (first definition).
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But further discussion shows: in the geometric theorems the distance between
points does not figure generaly, and as result following definition of geometry was
formulated: geometry is the science, which studies those properties of geometric
figures, which don’t vary during similarity transformation (second definition).

The requirements are described, to which totality of transformations should
satisfy that it must lay down as a basis of new geometry and on their basis new
generalized version of definition of geometry as a science is formulated — geometry is
a science of study of those properties of geometric figures, which don’t vary during
the transformations by certain group of transformations (third definition). It is
considered three branches of geometry as a science and totality of trasnformations is
formulated, too.

After that geometric mapping, supplement of Euclidean space by imaginary
elements, theorem of Desargues and its results, perspective-affine accordance and its
properties, genera affine accordance, ellipse as an affinely corresponding curve for
circumference, main directions of affinely corresponding fields, theorem of Polke-
Schwarz are considered.

Second part is devoted to the methods and ways of perspectives and shadows
construction in architectural drawings, which are based on the theoretical basis
considered in the first part.

The significance of geometry and particularly of perspective was well known
at the every stage of development of architecture and art. As Gaspar Monge noted,
descriptive geometry gives us a possibility to determine unknown phenomenons of
space by means of known elements. In architectural creative work central projection
represents those mean, by use of which, according to the orthogonal projections, or in
other words to the project we can reflect in reality the perspective image of till
unfulfilled projects (buildings), or such space pattern, which human can see only when
building is constructed.

Shadows drifted on the orthogonal and axonometric projections of construction
and architectural forms give us a possibility to discuss more precisely their positional
relationship and the form of separate fragments. Problems of construction of
architectural drawings are considered here. Attention is paid to the methodology of
shadows construction on the Monge epure and axonometry.

In the third part it is considered graphical problems of engineering geometry
and their solving by means of computer. Such well-known problems of engineering
geometry are used as the main directions of affinely corresponding fields and their use
in the various problems:

1. Circumference, axe of accordanse and corresponding pair of points are
given. We must construct figure — ellipse, which is affinely corresponding to the given
circumference.

2. Ellipse and straight line are given. We must construct the points of
intersection of this ellipse and straight line without construction of €ellipse.

Geometrical essense of general construction of shadows is considered and two
problems are shown:

1. Construction of own and falling shade of the polyhedron.

2. Construction of shade of circular niche (Monge epure and axonometry).

Solving of these problems by means of computer is given here. Symbolic as
well as machine algorithm is composed for performed drawings. Respective command
of “AutoCAD” corresponds to the symbolic record of every operation.

Our own versions of computer technique use in the problems of construction
can be extended to the problem of any kind of construction in engineering geometry.

In our opinion such approach will assist to transfer mechanical thinking into
creative one.
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A, wertilSi;

;’ ‘AXE a:JA )X“ Modify - Rotate
A2A=IAIA] Select object: dmgbodbmm os@obogo dmbs3ggmo;

Specify baze point: A,.
Specify Rotation angle: o] ¢bws  dogygmommm
dmddybgdol  gymbyg, o9 ogo  3bmdognos, ob
3aOLmaol  Lodygoegdomn  god@ybmo oo Lobod
dolo 900-8593 ‘dgdogligogemo 339000 NG
‘dg9mo3L©gds X2 ©g@dl;

3. Breb Lxy

4. |BBd=[BiBy| 030395 @53 1-2

50 Crec Ll xy

6. |CaC=ICiCy] 00395 @53 1-2
Line

7. m;(MC)) specify first point: C;.

Specify next point or [Undo]: M, + Enter;

8. 1;=m; N(AB)) »>©gbodbmm 1} {g@@Goo;
doamdosdgmools  LE®oJmbdo  hog®mmo  Ortho
G gg0do;

9. 1, e (1112) 1 xpp Line

10. 1,=(1;12) N a, specify first point: 1;; pogoa@dgermmn gl dmbsgggmo
X24-0 2000033905d0g @ 50gbodbmm 1 §g@@Eoeo;

Line
1. l,en L x4 Shift + dogbol  dodxggbs  gbmdo.  3sobganby
12.  14=n N (A4By) s>g0Ghomm Perpendicular & dsbgdo. 396OLmGAo
d03030bmm X @9gAdbg (Goasb dobo do®mnmdo
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9bos 2035 OMM) s 3PAOLmAOL QoM 3399
dobdoanbg goosaomgdols do@mmdol demenemls 1,

dgmogligdol dgdwgy  wogefgedybmm  doybols
dod3bgbs 3bm3o.
o>0gbodbmm  ao@oMgd o  dos@mmnMmdols  AsBs-mob

3o05439m0b 1y §g@@ogoo;

Line
specify first point: Cy,

13, my(Cyly) Specify next point or [Undo]: 14 gogopa®dgermm gL
dmbs 33900 oM 33970 dobdoganbyg;

doamds@gmbols  LE®@oJmbdo  hog®mmoe  Ortho
G 990d0;

Line

specify first point: My, pogoa@dgeomon gl dmbszggmo
X240l ao@og3gmedeg s owgbodbme M,
Vadogo;

4. MieMM;) L xi2
15. M2: (M]Mz) Na 2

Line

Shift + doygloll  dodxggbs  3bm3o.  3obgenby

sgo@homo  Perpendicular  d@dobgds.  3y@Lm@o

d030¢obmm X5 ©gAdby (GoEysb dolo ds@mmdbo
16. Myed L x4 9bs  3og5GOOMM) s JAOLmA0l  goc 33 e
17. My=d N my dobdognbg  gooswyomgbol s do@mmdols

dogml My dgomogligdol dgdogy  ©ogof jo3ygbom

dogbols dodizbgbs 3bm3o.

omgbodbmm  ao@oMgdygmo  dodmmdols  mu-mob

3005339000 Lsdogdgemo My § 9@ @Fogoo;

0398300, Gm3 I ggemol ggmabormo ko 1 gersggmore Géggms Fggomo
sg0bmes@ Igqlsdsdgds T dé@Eggmo ggmol gpmgborn K s 1" gorssggmoem (Hgqms
Fygoml. sgobg®  BglsdsdobmdsBo  dgmey  §H@gms  Fyzomgdl  Bmeol  dgdséy
300bgms A0 AmEsdmoEgdnmads,  sgobm@o  dgLsdsdobmdol 063560568 e
230lg09880 56 Bgrol. Lsbgmemd®, om g6mo gmoby dsGmos, dgmeg 6gdobdagho
3godemgds  ogmls, dsa®ed sMlgdmdl  gsdmbsgmoboi, Gm3s ghmo  dOBggmo  ggemals
390300 3H00H3H3gbroggmst e gsrsgzanor FOggms Fygoml dgmey ggmol
33Gg0-3) JOM0ION3IO3PRogmmo Jersgzino foggms fgzomo galsdsdgds.
333063 30m0bo  6shzqbgd0s 103-9 bsbsbby [89].

§oédmzomacbom, Gmd  bobsbby  osgolodgdmmos  dbomme  sdm(zsbols
3dmbsgsgmo  dmbs(3gdgdo:  dglsdsdolmdols S mgMdo  ©s  Fglsdsdolmdsdo  dgmazn
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T9o&omadols M s M' {yzomo. Gmgm® 1339 30600, 93 3mbs3gdgdom  Lermmose
230LobmzOrmmos w0 e ggmo  ggmob  39aL3gddonm-sxgoby@mo  Fglsdsdolbmds. M

935960000 M'—0sb ©s gogsgmmon [MM']-ols 398393960 39mmstr0 (N). 360360
O=nns {godomo ©s dolgsh, GOmame (3963Goess R=[OM]= =[OM’]
Goponbon d9dmzbsbmo [GHgfodo (g). ©s36086mm 3 «386sl369mols Bglisdsdolimdols

S @gdmsb ;msbszzgmols A s B (9o omgde. LZAMB, Gmgmes ©0sdgdeby osym-

6sb. 103 33069 3gbsdsdobo ggmagdols dmasgstro dodstrormmgdgdo
©bmdogo, 0dbgds  dstmo. 8dszg  dobybom AM'B 3nobgs 0dbgds  dsémo, bmene

I(AM) L k(BM) s I'(AM’) L K'(BM') §é3g050 — s8orzb0ls 3sbegbo.

B93608600, Ged  asbbogrmee  Bgdorbggzedo, sBerzbsl  gHmewgGoo  Sslibo
203R605, 353603 sGLGBOBL  asdcbsgeolgdo, Gedegdbas; bisgool degmmmdol
gamsdbitol asde o6 Bg3hggdoo.

6s56.103-%y  65R3960%0 3 ggdnBols obBOGITG SEamGondo

1. m(M/, r= |M/M|) 33530700 m(M/, r= ’M/M’ Fegfoco.

2. m(M,r= |MM/|) s3s3mo m(M, r = |MM/ | §oOgfoco.

3. K=mNm'. 3363LsbmgOmmn m s m FO957060930L msbszggmol K
F=mNm’. s F Ggopomgdo.

4. n (KF) J_(MM/) 33530700 MM'-ol dseromdnmo n (KF) §ogg.

5. N=(KF) N (MM/), 2363bsbm3Omen KF §eegols MM/ FOx9Ls ©s S gAdmab.
O=(KF) N s.

6. g(O,r= s333mm g (O, 1= OM|=|OM/) FeO95oc0.
OM|=|OM/|.
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7. A=gNs,B=gN 2303Lsbmgmmn g Gagfomals s 8 @gMdol ases33gmols
S. A s B {68 0mgdo.
8. k(MA) L ¢(MB). 335300 Kk 08 € 60056036008 mmo [Hgggd0.
9. k/(M/A) J_E/(M/B). 535370 K s ¢ 1A009ON sGNNI FOgggd0.
Z/AMB = Z/AM'B =90’
B9dmo  deaggsboemo  obdymooo  semam@omdol  Lsggdggm by Bgagbagmos
36mg»sds, Auto CAD— ol 3sB60 360dognzgdol asdmygbgdom;

1. mM,r=MM)). Tools — Drafting settings — Object snap ¢gsbxs61580
2. m(M, r=|MM/). CavrToT Midpoint s Perpendicular &gg03950.
3 K=mNm'. Line
© F=mNm’. / specify first point: MM/ dcbsgzgmol 3 g omosb
4. n (KF) L(MM) sm3dstmmo  dsomdo S gédols
5. N=(KF)N (MM/)a 35008 339009007 () 3m360dbmom
O=(KF) N's. 233339001 O %’85)@0@0;
Circle
circle specify center point: dogmmonmn (396G O
_ P Foodomo.
6. 2(0,r=/OM=OM]. specify radius of circle or < >: 396bmcoo  dogmmonmo
7. A=gNs,B=gMNs.
OM |- Gsoglo s
30360dbmm A Qs B
Faodoegdo.
Line
specify first point: M.
8. k(MA) L ((MB). Specify next point or [Undo]: A,

9. K(MA) LUMB). Specify next point or [Undo]: M',
Specify next point or [Undo]: B.
Speciy next point or [Undo]: A :
as630bogmme  dgmerg  dsgemomo: dmzgdnmos  gemogbols [A1B1] I [Ci D]
09Adgdo s l1 7639. s35am0  gmogglol  ©s [ FOx50b  goeszzgmol  Faddomgdo
geogbol smaqgdmse (6sb. 104).
gmoglo  GOgGomol  sggabnéo  Godos, 3s3sbswsdy, Gogfoco  bsmglsmdon
9ogbbg  sobsbgds, s  Fgdermbgdom, gmoglboy dgodmgds  [OgGodby  solsbmlb.
95060l 0059030901 0nloll ©0sdqB60 Fqqlodsdnds. (3boeos, GmId Lsgtromeo,
J 20398k gemoglol wosdydmgdo dgglsosdgos. (3bee JO00R
G060l 0539369800 0009M0M 3960 396-00 S0 ool Jqlsdsdolo
dJ ©osdgB g J d J9J0"ROF YL I 430 dJ
geogglols  ©0sdgBGgd0  OM0gOHN3gM3gbroYmsenmo s  sGol, dsa®sd  sOLgdmdls
FO9F0m0l  ©0sdgB@gdol  39@39beagnmsgmo  (gzomo,  GmIgembsig  gemoglols
©03398M900ls sbgmogy yzomo (9. 0. gemoggbols mg@dgdo) Bgqledsdgds.
3363LsbmgOmmn  bsmglbendo  Fglsdsdolmds, Lssi  dmigdnmo  gmoglols
[A1B1] ©o [CiD1] @g@dgdo o6  3mba@rmabdgm ©s dsmmdnm  dmbszzgomgdby

s0lsbgds (656.2).
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Bsoglemdol s mgddo (A1C1) FOgol 3sGrsemgmm@sm gogede®mo. (A1B1) s
(C1iD1) §oOxg980L s @g®dmsb  aseszzgool Q ©s R Fgédomado olgmo  {Ogfoc0ls
033980l demammgdos, Gemdmagdog gerogglol O1 (396@OBg gsogmosh. 83 §egfocdo
Bomgges dsd-ogzgonbs QO2R Lsdznmbgroo Bsgbsbmo.

01 s O, dmbsmglsgg (goBomgdse  Rsgmgsmmmm. gl e  Fgddomo, s
©9Adnsd  ghmsE,  obgm  bsmglen®  Fglsdedolimdsl  asblabmg@segl,  Lawsgy

3963960 3nmsénm (0:Q) ws

6sb. 104

6ob. 103 3306Mse dglsdsdolo 39mgdol dmsgstn dodserormmgdgdo

(O1R) §6:3998L satgngy 3963960 3mems@rgmo (0,Q) s (O2R) foOgg9d0 gbsmglisggds.
353sboady, [Oggms 83 6 Fyzoml bsomgbsmdols dmsgs®o dodstrorgegdgdo 3d3b.

A s C olgn Ay s G (goBomaddy sobsbgds, cmd Feormaghes
ds6r0 3790065 A0,C; b33 3900bals dogomgdon.

0: (godomo 396¢Gse dogomma ©s [02A;z] Gspogbon sgsgmo  FagFomo.
13965L 3690 Foedmswgqbl 03 gemoglols dmbsmglsgg GOgfodl, Gmdgmoin msgolo
[A1B1] s [C1D1] mg@dgdon sé0ls goblsbeg@rmemo.
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39bsdsdobs,

Taodomgdo

33530900 l1 FOg0l dmbsmglsgy I, To%39i- l1 To%x9 (C1D1) s (A1By) 539901,

(0,0Q)

3390 11 s 21 FodBoegddo,
Qo (O2R) [6Ox990bg  degdedgmdgs. 1 s 22 [gdBomgdo

Gmdgmos  dmbsoglsgg 12 s 23

937036086 Lsdogdgm ' §Oxggl, Gmdgmoi gemoglols dmbsmglbsgy Fogfodl Ex s

F2 G96®0mgddo 339mb.
bs@os, O™ 33 mco (gdBomols Fglbsdsdolo E1 s F1 FTadBomado 11 foegols

s [A1B1] @s [CiD1] mg@dgdomn gsblsbmg@mmo gemoglobsmzgol Lsg@oms.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

5¢1‘).104-‘b3 63R3969%0 dmJdgregdgdols abdymozon® smgmeondo

a (A]C])
s || (A1C)
Q = (AlBl) ﬂ S,

R= (C]Dl) N S,

m (Q, r =|QRY|),
n (R, r=[RQ));
K=mNn, T=mNn;

b (K;T)
G :b(KlTl) N's;

¢ (G, 1;=|GQY);
Ged J_S;

0,=d Nc;

e (Q0y);

g (ROy);

t (01 02);

Ar e (A1 A2) [ t(01 O);
A2: (A1 Az) N G(Q 02);
Ci e (C1 ) [ (O Oy);
sz (C1 Cz) N g(R 02);

u (A; Cy);

® (02, 13= 102 A);

(11 1) | (O Oo);
12: (11 12) N (R2 Oz);

A1 s C1 G9oB0mgdby aozsdsemo §ogg;
3353m0 (A1C1) (50l 3s6semgemamo s mg®do;
2363bsbzdmn (A1B1) (Ox0ls ©s s 0g@dols
03bs339-m0b 96O@0mo;

2363bsbzdmo (CD1) (Ox0ls o8 s 0g@dols
0365339-m0l g 0mo;

sgsamo M s N FOgfocgdo;

3363bsB@gOmmn m s n FOgfomgdol 0msbs3zgmols
fao-Bomgdo;

Ki s Ti §go@omadby 6030@05}(000]3 To%39;
2363bsbzdmm b [Ogols ©ss mg@dals msbs3ggmals
Faodogo;

sgsamo ¢ Gagfocdo;

TooBomby sgsamo S mg@dols dstrmmdamo d
fo50;

2963bsbm3zOme d {ogols ©s ¢ Fogiocols
086333900 Oz §gdomo;

Q s 02 §9680mgdbg gogspstrmm € §FoOgg;

R s 02 §g0doendty aogshetmo g Gog7;

O1 s O2(g0d0madby asgsdecmmo t fegg;

A1-bg 393589000 t FOHRg0l dsesmagmamo (A1 As)
fo50;

a963bsbmztme (A Az) w@se [ogggools
086333900 Az {gdBoemo;

Cl'%{] 39358 sOmm t FOx0l 3sesmgemm®o (C Cy)
o5

3363 bmgOmn (C1 Cy) s g §6%39900 0sbszzgmals
Gy §god0mo;

Az 05 Co F9oBomgdby gegedstmmn u {oOgg;
s3samo W {egfoco;

29358)90mm t Hxgol strsemgemmdo (11 12) Fogy;
a963bsbmztme (11 12) s (R2 Oz) §Fogggdols

157



23.

24

25.
26.

27.

28.

29.

30.

B9dmom

(21 22) || t(O4 O);

22: (21 22) N (R2 02);

0 (12 2y);

E2= Ezﬂ(x), F2: Ezﬂ(});

Es e (E2 Ey) || t(O1 Oy);

Ei=(Ei Ey) N Ly

F> e (F2 Fy) || (01 Oy);

Fi=(Fi Fy) N £

derggsbogmo

0b@mozo®o

0863339000 15 Fod@Boemo;

3935839000 t FHgol 3sGeemgem@o (21 22) foOig;
3363 bmgOmn (21 27) s (R2 Oy) FOx99001
0863339001 25 Fo®Boemo;

1, Qs 25 T96B0m9dby o398m0 £, G639,

3363 bmgOmn L, FOxgols s o FoOgGomols
086353390000 Ex @8 Fo g oemgdo;

Ex-%g go398)96m0 t {eggol 3sersemgm@o (E2 E))
o5

2363 bmgOmn (E1 Eo) s £ FOx39900L 00565339000
E1 Ggodomo;

E2-bg a933890mn t §ogol 3séeemgma®o (E; Er)
fo50;

a963bsbmztmo (Fi F2) o8 €1 §Og9980L orsbs33500L

Fi §9od0mo;

semaméomdol  Lsggmdggmby  Igegqbogmas

363®sds, Auto CAD—ols dsb7M0 3@0doBoggdols g4sdmygbgdoom;

LN AEW

10.
11.

12.

a (A]C])

s || (A1Cy)

Q = (A]B]) N S,
R= (C]D]) N S,

m (Q, r =|QRY),

n (R, r=RQ));
K=mNn, T=mnN
n;

b (KT))

G :b(KlTl) N's;

¢ (G, 13=GQl);

Ged J_S;
0O,=d Nc;

¢ (Q0y);

Line

specify first point: A;.

Specify next point or [Undo]: C; + Enter;

Line

specify first point: 306hg30m ACy FOxg00sb  6960Ldoge

336dognby  sdmGgdgm FadBoml.

Shift + dsplol  dstrxzgbs  b6m3n. 3sbgemby  sg306Bomm

Parallel 86dsbgds. 37@bmeo  dogo@sbmo  Ai1Cy fogglbosd

(G90gsb  dolo  3sGemgm®o  Mbes a3z Omm)  ©s

2535 sOmm S Mg»do;

A1B13mbs 33900 ©33596dgmmmm S mg®dmsb  gaws 3390msdwey;

C1D13mbsg3gmo 033530dgmmm S @g@dmsb ases 339089y,

Tools — Drafting settings — Object snap ¢gsb5s¢5d0

hogéome Midpoint.

Draw - Circle

circle specify center point: dogmmoonmn (396G QR
derbsg-ggmol dns G [ domo.

specify radius of circle or < >: gn&lmcon dogmmonma

| GQ|-6swomlo.

damdscrgmdols LgMoJmbdo Bsg@mma ortho 61950305

Line

specify first point: G. gogea®dgemmo gl dmbszggmo €

FO970600L ass339m83mg s smgbodommn Oy Fgddomo;

Line

specify first point: Q.

Specify next point or [Undo]: Oy,
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13.

14.

15.
16.

17.
18.

19.

20.

21.
22.

23.

24

25.
26.

g (RO»);
t (01 Oy);

A e (A] Az) || t
(01 Oy);

A2: (Al Az) Ne (Q
02);

Cie (CiCy) |t (O
02);
Cr= (C1 Cz) N g (R
0,);

u (A Co);

() (02, 4= |02 A2|);

(11 12) [[ t (O1 Oy);
12= (11 12) ﬂ (R
02);

(21 22) || t (O1 Oy);
22: (21 22) ﬂ
(QOy);

€2 (12 22);
E,= E20(0, F,= 0N

b

Line

specify first point: R.

Specify next point or [Undo]: O3 ;

Line

specify first point: Oy,

Specify next point or [Undo]: O, ;

Line

specify first point: A,

Shift + 3dsqlol  dsrx3gbs  gbm3n. 3sbgmbg  s300Romom

Parallel 3&dsbgds.  gnelmeo  dogodsbmo  t Fogglosd

(Gopashb  dolo  3strsmgma@o  bos  as33BOmM) s

30Obee0  gesgsse-gommn e [oOxqlosd Az [od@omdo

35R34300599;

Line

specify first point: C;.

Shift + 3sqlol dstrg396s 36m30. 3sb69emby s300homm

Parallel 3ds6gds. 3@ bmeo dogo-Bsbmn t Fogglnsd

(690336 dobo 3s63emgemm@o Mbes 3353 sOMm) ©s

306Obeme0 gswsgssgo-mmo g [agqlost C; faddomdo

352333000339;

Line

specify first point: Ay,

Specify next point or [Undo]: C, + Enter;

Circle

circle specify center point: dognmomnmn (3968 O
Taodomo.

specify radius of circle or gp&lmcon  dogpmonmn

|02A2|—F)o;30'3150.

Line

specify first point: 1;.

Shift + dsqlol dstrxzgbs  36m30. 3sbgemby  sz06Bomm

Parallel 36ds6gds.  3n@lmeo  dogodsbon t Fagglosd

(G90gsb  dolbo  JsGrem-mndo  Mbs  a933BeOmm)  ©s

306Obemeo  gsesgsseaommo RO, (Ogqbmst 1; Fg@@om3do

352333000339;

Line

specify first point: 2;.

Shift + 3sqlols docrg396s  36m30.  3sbgembg  s306homo

Parallel 34ds6g3s.  396bme0  doz08s6mm t Fogglosd

(G30gs6  dolo  3sMsg-mn@o  bs  3933BeOmm)  ©s

306Obeme0o  gsesgsseaommon Q02 FoOggloss 2; [g@@omdo

35R34390399;

Line

specify first point: 1».

Specify next point or [Undo]: 2, + Enter;

3m360dbmom £, JOx0l ® §OgGodmsb gsesgzgmol Ex o

F, 93‘4"(50@860;
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27. E, e (E2E)||t(O; Line
28. 0y); specify first point: E,.
Ei=(E; Ey) N £y; Shift + dsbol  dotrgggbs  3bm3o.  3sbgembg  sgzoMhomm
Parallel 34ds6g3s.  396bme0 30308600 t Fogglosd
(G036 oo  3sMrsg-mnEo  bs  3933BOMmm)  ©s
30Obee  gseszssmanrmo 21 7039-bosb E1 G960 do

39R9330053;
29. Fz = (Fz F]) || t (O] Line
30. Oy); specify first point: Fy.
Fi=F Fy) N L Shift + dsmbol  dotrgggbs  gbm3o.  3sbgembg  sgodhomm

Parallel 3dsbgds.  3@lmeo  dogodsbmo  t FOxglosb
(G30gs6  dolo  3sMsg-mn@o  bs  3933BeOMmm)  ©s
39OLmO0 3835503000 2 §60x89-bosb F1 GgoB0mdo
39R9330053%;
53000 obbagsl Lognmseto s @a;gdnmo Réoggdals sggds
33988 @sny3ebgds, dobo  [obboggdol 86y ddBggemo  Goam®gdols  Lsgmmsto s
s399nmo Rerargdol sagdsty.
be.105-%g  6sh396900s AA'BB'CC'DD’ 3strmno  3sérsemgemgdndgeols bsgmoms®o  ©s
Esigdnmo  Rdomagdals  s3gds,  93070bg  ©8  dJlmbmdgB@osdai.  baggmsé  Aéwamdo
0dgmzgds  3Gzemfobbsasl méo AA'DD’ s CC'DD’ (sbbsgo, sdoBmd 3¢s3semfobbagsls
herwomo (o63maegabls 33 meo (sbbsgols Reomms Fgg@mgdst [90].

A',=B’ D',=C', ZA
>)
D
A2=B2
X12
X A
D,
BIZB, —
Ay
y
A=A’
6sb. 105 3615350 abbsg sl htroemo
60b.2-Bg 65h306980 3 JBgrndgdols 0bFmoon® smmamomdo
1. Byea(B Bl/), Bi-%g gege@etmo a fogg X mg@dosd 459 o0 sbMomo;
£ ax ;=45
2. B1/=a N X125 3.56315.5%;336(')0) a %\4)(301;3 © X712 Q{]F)dols moGodSOmoh Bl/
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Faodo-eo;

6. D1/=d N X12; 2963Lsbmz0mn d (Ogols ©s X2 ©96dols msbs33gmols Dl/
Faodo-wo;
7. Bz// cm (Bz// Bz/), Bz//—%a 3935B0mn m {Hgg X 0g@dmsb 450 —50 sbMomo;
Z m x,,=45"
8. B/e t(Bl/Bz/ )L xo4 B/ Taodomby asgedstmo t Fogg X12—als 396-
/ 3gbroggrstgrse; /
B,y=t N m; 23063bsbmztmm t s M msbszzgmol By §9é@omo;

10. Cz//: Dz// e n( CZ//: Cz//= Dz// -bg 39393s6mo 1§y X2 0g@dmsb 450 —o0n
Dz// Dz/), Zn X12:450 le‘)éo@o;

11. DI/E (Dl/Dz/) | t; Dl/-qég 35358)00mm t FAgol Js@smgemndo (Dl/DZ/) o
12. D2/= tN n 30063Lobmztmm t s N FAHgggdel msbsgzgmols D,/
/ . Faodoeo;
13. Cie (C/CH It Cl/—%g 29358 9Omn t FHgol ds@smamno (CI/CZ/) Vﬁ)(B(‘];
14. C2/= tNn 3963bsbmztmm t s N FAgggdal msbszzgmols Cz/
/ Faodoeo;
3. Cieb(CC), Cl'%[] 33358 sOMN b 6959 Xi2 0g6dmsb 450 ~o0n sb®oo;
Z bx;,=45°
4. Cl/:b N X125 2363bsbrgOmm b FOg0bs s X2 09Adols msbsgzgmols Cl/
/ FaoGo-eo;
5. Dy e d(D;Dy), Di-%g gogedyetmo d (6Hgg X2 0g6dmsb 450 50y sbGomo;
Z dx,,=45°

B99m0  dmggzsboemo  0bgmoion®o  seam®ondol  Lsggmdzgemby  Bgmagbormos  3GImgsds,
Auto CAD—ols dsBM0 360d0@03950ls g3sdmyggbgdom;

1. B,ea(B B)), Tools — Drafting settings —Polar Tracking osb6y®ols
ya ax12=450 Polar Tracking gxﬁ)aQ'Bo Qo3o336mm omoao Qs
2. B/=aNxpy; Increment angle osbys®s80 8g3093s6mo 450-o;
Line

specify first point: By,
Specify next point or [Undo]: 3n&lmeo

330083350300 X[ 06dosb Bl/g’aﬁ)@)omao

39R93300590;
3. Cieb(C,C)), Tools — Drafting settings —Polar Tracking osb6y®ols
ya bX12=450 Polar Tracking IRE9000 335996 semsdo ©s
4. C/=bNxp; Increment angle osby36580 8g309306mm 450-0;
Line

specify first point: C;,

Specify next point or [Undo]: 306leéo
330083350300 X1 06dosb Cl/ T96@oedo
3929330093%;
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10.

11.
12.

13.
14.

D, e d (D, D)),
Z d x;,=45°
Dl/: d N xi;

Bz// em (B2// Bz/),
/ m x;,=45°

B/ e t(B1/B2/ )L Xo4
B2/=t N m;

C,'=D,) e n(C,/=D,' D),

/ 1 x;,=45°

D/e D/D)) ||t
D)= tNn

Cle (C/CH|It
C)=tNn

S)

X12

Tools — Drafting settings —Polar Tracking os6x®ols
Polar Tracking «x6g0d0 ©s3599bmo sgsdo s
Increment angle osby36580 89309306mm 450-0;
Line

specify first point: D,

Specify next point or [Undo]: 3n&lmeo

30033353 0M” X Qaﬁ)dmoﬁ DI/VSF’@OQ"BO
39R3339093;

Tools — Drafting settings —Polar Tracking osbyx®ols
Polar Tracking «x6g0d0 ©335996m0 sesdo ©s
Increment angle os6y36580 89309306mam 450-0;

Line

specify first point: B,”.

Specify next point or [Undo]: gn&lmeo
60&080&(‘(\)30@(‘70’) 606688:{]@ 80660@%3;

Line

Shift + 86‘31}01} 806?{)886‘5 (56(")30. SOSOQ%S 080680(")(7)
Perpendicular 3¢dsbgds.  3nébméo  dozoBsbmo  Xi»
©g®dbg  (Bogsb dobo dsmmdo Mbes  3s358BGM™M)
s 23358 edOmn  t [oOggy my-osh  geesgzgmols Bz/
Faodomsdey;

Tools — Drafting settings —Polar Tracking osby®ols
Polar Tracking «x6ged0 ©335996m0 semsdo oo
Increment angle os6y36580 8g309306mm 450-0;

Line

specify first point: C,)'= Dz// I

Specify next point or [Undo]: 39&lbmeo
60Q0800((\)60§:7mm 606688‘8@ 80660@%3;

Line

specify first point: Dy’

Shift + 3solol dstrxggbs 36m30. 3s69emby  s306HRom
Parallel 3dsbgds. 390lmeo  dogodsbmo t FOHxglost
(Gs@as6 oo  3sGemgramo  Mbes 33333 sGOMM)  ©s
30ObmA0  goasgesaamm (Dl/ Dz/) Fgqbmsb Dz/
FoOdoeBo gorsg3gmedey;

Line

specify first point: C/’

Shift + dsmbols dstrxgabs  36m3n. 3sbgmbg sg0@bomom
Parallel 36ds690s. 39@lme0  dogodsbmo t FHgglosd
(Gsas6 oo  3sGemgerg@o  Mbes 33353 sGMmM)  ©s
$6bmeo  asesgssmpomen (C C)' ) Faggloss C)
FaOdoe8o 3orsg39medey.

d) z
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6ob. 105 FOomm 608s80 ©s(3997mo Rtwamo
FOonmo 6030l BOamgdos sg3gdmmo 656.106-%g. O Fegfocol wsisgdgmo howoemo

603sby, gsbolsabmztnds, GOmame  FoOgGomol Bowomo  Loddggyby.  mOmmambsgn®
2933009680 Ls3dscobos O (3968Gals 0 Beroemo  s3samm s sty 6odol  GegGomols
Ao FOgfoco  Fgdmgsgmma.  sJlmbmdgB@osdo o bagadms 3 FogFomol  gmmgboro

3396037 [9OB ool howomo 335300 ©8 dpmadge 8gdmzsgemma [90].

5.513.3-.5-'53 65R396900 dmJdgegdgdols abgmoion® smamGondo

1. 0, e m(0; 0/),Z mx;,=45" O1-%g g9388sOm0n m {6y X2 0g6dosb 450 ~o0

ggobﬁmg@o;

2. O/=mn L; 3963bsbgOme L o m (Hx9580l 0633900k o,
Faodoeo;

3. 0,en(0, 02/), Zn X12=450 01-%g 393589Omm n §63q Xi2 09Gdonsb 459 —om
ggobﬁ)og@o;

4. 01/ ca (01/02/) | t(O; Oy); 01/-%3 293583 90mm t FOgels 3s@semgem@o a (01/02/)

/ Yog0 /

5. 02=I1 N a, 606315.5%;236000) n s a 96%336015 mo&)dgmoh 02
FaoGo-wo;

6. 0O)eb (02/ 32) || (12 Oy); Oz/—‘ba 293589000 (15 02) (650l 3ssmagemn®o b

(0,3,) §oegy;
7. 11 e g (11 31), Z g X12:450 11-063 8030@06(*)0) g vﬁ)cga X12 Qaﬁ)dmoﬁ 450 “om

sbeomo;

8. 3=gNy; 3963Lsbm30mn L s g (Hxg980l msbsz-ggools 3,
Faodoeo;

9. 31ed (3132) || t(O; Oy); 31-%g 39398sOmn t FOxgels sdsmgmn®o d(3:3,)
Yoz

10. 3,=d (3,3,) Nb 2363bsbm30mmn d (oHgol, b FoOgqbs ©s X2 @g@dosb

4,=d (3:35) N x12 0s633-39m0L 32 s 42 [ooBomagdo;
11. ¢ (02/, =11, O)); 335am0 € FOgfomol @ gsmo;

Bgdme dmygsbogro abggozonco semam@omdols Lsggndggembg geagboros 3Gma™sds,

Auto CAD—- ol dsBm0 360d0@)03900ls 3sdmyggbgdoom;

I. O;e m(0O Ol/ ), Tools — Drafting settings —Polar Tracking os6y%®ols Polar
2. Z mx12=450 Tracking mx®9edo ©s35996mm semsdo s Increment
Ol/z mnN ¢ angle gsbys®sd0 dq30936mom 450-;
Line

specify first point: O,
Specify next point or [Undo]: 3096lmco gs@szssogormo
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11.

1.

2.

3.

0, e n(0,0,),
Zn X12:450

0/ ea(0/0,) || t(0; 0,);
0,/=nNa ;

0, eb (0,3 | (1, 0y);

lie g(1:3)),
ZgX12:450
3=gNi;

31ed (3132) || t(O1 Oy);
32:dﬂb;42:dﬂX12

¢ (0, =11, 0y));

U §eo-ggbosb Ol/vgﬁvﬁ)omfﬂo 25008 330053001;
Tools — Drafting settings —Polar Tracking o6y ®ols Polar
Tracking x®9080 ©s3s996mm semsdo s Increment
angle sbys®s80 d930-9356mm 450-q;

Line

specify first point: Oy,

Specify next pOil’lt or [Undo]: d'gﬁ)hmﬁ)o P RICERRRICH Nl ugdloy
3904373 3s6dognby;

Line

specify first point: Oy,

Shift‘Fao'ﬂlmls dstrxgabs  36m3a. 3sbgembg sg0Mbomom
Parallel 36:ds690s. 3960 dogoBsbmn t FHRglomsb
(63036 dolo 3sGsmgerg@o 1bes 3s935BsGMM) ©s
37OLm60 asesgsseao-mmn N FoHggbnsd 0, 96830 8o
39R3330090;

Line

specify first point: O,

Shift + dsoliol 33960 3630, 3s6900byg s30HRom
Parallel 36:ds690s. 396 lme0 dogoBsbmn (1, O,)
FO59b0s6 (Mopash dolo 3sersmgm®o mbos
239358)9Mm) s 3OO0 JIEZI-SEANMIM™N  JI6) 33N
ds6doenby;

Tools — Drafting settings —Polar Tracking osb6y®ols Polar
Tracking x®9080 ©s35996mm semsdo s Increment
angle sbys®s80 dg3093sbmm 4505,

Line

specify first point: 1,

Specify next pOil’lt or [Undo]: d'aﬁ)hmﬁ)o 3303 SSLANN MO
£ Gogglonst 31 GgmdomBo gows3300990;

Line

specify first point: 3.

Shift + dsoliol 33960 3630, 3s6900byg s306HRom
Parallel 614)6‘553&5. d‘aﬁﬂsmﬁ)o 8030(?)&50)07 t %’14)(33150%6
(63036 dolo 3sGsmgeg@o 1bs 3935BsGMM) ©s
39OLMO0  g38355030-0eI10) b FOx5gbmsb 3, FT96®0edo
2500833908300, 03039 FORoL X2 —0sb gews33qms
s©36086mm 42-00;

Draw — Arc - 02/ T96B0mbg, Gmame 9666ty
393m3gbs-bmo 1= |15 O, Gswonbosbo 6 gsemo.

605.3-3-bg 65B376900 8mgdggdgdol abgmazoné seamGondo

1, e a(l; 1Y),2 az=90"
l/=an

l1eb(1), £bz=45°

11-063 8030@06(*)0) av&cm] Z Qaﬁ)dmoﬁ 90° ~00;
sbMogmo;

2363LsbmgAHmm ¢ ©s> a §agggdol msbsggzgmals 11/
Faoddogmo;

1-%3 6‘53‘5(8)‘56‘”0’ b 96(33 V4 Qaﬁ)dmoﬁ 459 ~om
sbMogmo;

164



4. 11/ et (11/ 1/) | z; 11/ -6 39353)90mm Z 09Adol SsGsmgen@o t (11/ 1/)
§o30;

5. l/zb nt; 6063150‘150\)3(‘)(*)0) b st %’6)(3336015 moﬁodamoh 1%
Faodoeo;

%aamm 8(*)83060;20 06@‘3000'36)0 ogmgmﬁmmaols ho%gdgaqn‘ba 'aagggaﬁog:)oo 3(4)0066080,
Auto CAD-ols 6&%‘3(4)0 36030@033601} 6o3m336360m;

1, ea(l 1)), Tools — Drafting settings —Polar Tracking os6y®ols
yd az=450 Polar Tracking ﬁxéaQ'Bo Q¢30336mm og:)oao o
l/=ant} Increment angle o3s6556380 dg309356mm 450-0;
Line
specify first point: 1;.
Specify next pOil’lt or [Undo]: dﬂéhmﬁ)o PRICERARICH Yo lugdwloy
¢ FOg9--0sb 1/%’36(@0@30 25003 33005304;
3. lenb(l1), Tools — Drafting settings —Polar Tracking os6y®ols
ZbZ=450 Polar Tracking ﬁxéaQ'Bo Q¢30336mm og:)oao (B
Increment angle os6556380 dg309356mm 450-0;
Line
specify first point: 1.
Specify next pOil’lt or [Undo]: dﬂéhmﬁm PRICERARICH YUl
3033902 8s6docnby;
4. 1 etz Line
5. I'=bNnt; specify first point: 1,',
Shift + dsmlol dstrx3gbs 36m30. 3sbgembg sz06Bomm
Parallel 36:ds6g8s. 376bme0 30308 sb6mm Z mg®domsb
(G30a36 dolo 3sG-mgmn®o b i35 sOmm) ©s
396bmco asesgsseaommn b §OHgqlnsbd l/vgﬁv@oman
35R3437093;

N —
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3. wobggbs

aobbogyano  53m356gd0l doesfy3zgBol hggbgyeo 0b@gMm3Mg@HS30
3oblbgoggdgmos  3og@Emgdgmo  dgdnbggzgdolbogsb  odom,  @md  of
aodmdogbymos  3md30g@g@olomgols  sdsbobosmgdgero  dgdobogydo
sbMmgbgds o opo  dggbogmos  gmggemo  dmdgogdol  dobso@lido
Joag0mdols Losdygoemgdgdom. Uoddg olss, @md hggbo go@osbGolomgols
dmbdmdogro 0bB 903090 S0 m®0mdo YM39e00 d®dobgdols
doboodlbmodog  dbodgl  5TYJgdl o Sdom  ymgger  b@dobgdsTo
Fomdmdmdoa 300bgobg — @o@mI? — 5093350 9Oo 3obybmdl.

(0bodwgosdyg bodOmddo  gobboanyemos  boobgobdm  agmdg@®ools
30580390 sdm3obgdo s domo  goolyggdHo  3md3oyBg@ols
2odmygbgdom, dom dm@ol  olgmo @bmdogo, @mamMdoEss 580by@o©
dglododolo  ggergdols  dmogo@o  dodo@mnyewgdobo  (mgm@os) ©s  dobo
2odmygbgds  sdmobsdo:  dmzgdygmos  gaoglo s [Ogg, ogogme  od
geeoggbobs o {Oxgol mobsgggmol [gd@Goagdo geroglols sy gdemsw.

aobboayganos 509,39, bmgoow h@ o gdols 53900l
3903gBA@oyg@o  s@OLo s bohggbgbos M@0 sdmEobs: 1. I@ogomPobbopsls
Loggmo®o s ©oi3gdygmo howogmgdol spgds 2. {@oygao bodol hOwogols
5399 (Imbgols g3og@o o 5JlmbmdgE@os).

Omae®O3  ogoeogmo  bofomol,  sbggg  sdmEsbgdbobomgols
3odmygbgdgmos  a@sxgozgmo  0bBg@3dg@oiool  hggbgymo  gg@Logdo.

gy gdygao  bobobgdolbomgol  goggboanos  0bGyogoyg®o @
dobJobyg@o senam@omdgdo. sy9d0l sdm3obgddo 3md3oy@gdgeo Bgdbogols

aodmygbgdol hggbgyao gg@dlLogdo dgbodamms gog@3geegl  Loobgob®m
3903gB @00l bgbolidog® sygdol 53m 3565y,

bod@mIdo  @odEgbowdyg @gogmobgdygmos  hggbo  dmg@doen gdegano
dobsbo:  Loobgobdm  agmdg@d®ools  Jmgdygmo  bobosmol  s3m3obgdols
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2o05(943900lL dgmmpmamaools ©sbggfs wo o3 boddgdo 3md30qy@d g yeno
Lodgoamgdgools @obgdags, dg9dobogydmo  sbamgbgdols 0bBgegd@ o g@o
>bMMgbgdol Robodo gowoygebol mgogrlisb@olom.

[a—y
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10.

11.

12.

13.
14.

15.

16.

17.

18.

@0 JOSB DS
©. weOndogsbody s bbge, 390530035, 35dMd3. ,,aobsma gds’,
ndognolio, 1969
H.B. CaBun ITenaroruka. U3n., ’TIpocBemenne”, M. -1978
CII. bapanos u ap., [Tenaroruka. U3a.,”IIpocsemenue”, M. - 1981
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2odmdigdenmds. md., 1946
056 5dml 3mdgblgo  @hgyeno 3900530307 ®0 0nbbyegdsbo.
Lodo@mgganml  390.  dgEbog@gdoms  oblbEoGydol  ao8mdigdenmds.
mndognolio 1947. Bmdo — L
056 5dml 3mdgblgo  ®hgyemo  3goamyoyg®o  mbbymgdsbo.  2sdmd(s.
»(30©65, b, 1958. Bmdo 2.
@. sbomody AlLoJoamyools dogeng 390 Lo. ndogooliols
960390Lo@GgBolL god-6s, md., 1983
B.A. Kpyreuxkuii [lcuxonorus. Uzn. "[Ipoceemenune"”, M., 1980.
CU. IlemOunckuii , B.1. Ky3menko
Meroauka npernogaBaHus depyeHUs B cpeaneit mkose. Mza. "Ilpoceemenne",
M., 1977.
3. X00@odg s bbg. 9dos@erglio  Lgmeool  3goopmaogol  Lsgombgdo.
203-05 L, 25bomegbds™ md., 1981
d. hbs@Bodgoemo sObOEOL begosgy®o AglLoJmamyos.
ndo@olol 960390Lo@gRol god-bs, m., 1974
JLLA. Kapnenko Ilcuxonorus (cioBaps). U3a. momut, nutepatypsl. M., 1980.
C.WU. Apxanrenpckuii ~ Y4eOHBIN mporiecc B Beiciied mkone. Uzm., "BII", M.,
1980.
& X0bansdy 390oMA035 o JJNMmEogs. 25d-ds., La5bsmagds”, o.,
1974
3. 9dobligo  @hgymo  3gspmaoyg®o  mbbymgdsbo.  mdogrolol
06039@LoRgBol 3od-ds, md., 1974
>, 390®mglgo o bbgs sbsgmd®ogo S 390053209 M0
gloJmamyos. 358-05 ,,a5bsmangds”, md., 1977

©. @moOndoxgsbody @gdaos dswangl Lgmansdo s dolbo spgd0l
3M06303900. mdoanoliols 9bogg@Lo@dg@ol 3od-ds, md., 1974
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20.

21.
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23.

24.
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39.

40.
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