200@30 dgbygeos

Ls0bgobdm ggmdgd®ool Loxgsdgamgdol dgnmMEMEMy0s ©S
dobo 3md309@gO o dboOskgHs

Doy gboos mdGHm®mol $350930MHo batrobbols
9tbo3M390o©

LogoMmz9geml ¢9gdbolzmMo «boggdbodg@o
00000, 0175, bogo®mgzgerm

093990960, 2008 oo

© L593GHMOM MBWGds FomOo F9bygaros. 2008.



Logo®rmggeml ¢gdbolzmMo mbogg@bodg@o

063m®3oE030Ls s Fomm30L LolEgOoL Bo3MEGHIGHO

B39, d399m6Mg bgeolidmd(gmbo 350sLEHMOYOm, MHMI 93935600
996900 20mM0L doge  dgueEgd  BoobyOGsgom  Bsdmmal
©oLObYEgd0m:  M9B0ZMo FgOMYdOL  LoHgolgdol dswergls L3mesdo
LHogargdol  Igomozs s oo IbyMazol  aBgdo @S  ZodErg3m
6939965305l Bogo39emls &99603m60 16039MLOGYGHOL

"B3M@AHIGHOL  obEbYgds"  LOEOoLYOEHSEoM  LsdFmdo Tdob  Asbbogngsls
©JGHMO0L 5350930MMO boobbols Imladmggdws.

bgddmgebgero:  3MMmg. s6BmM Fszameody

93969960 36OHME. 03569 mMa0dy

®9396%9bGH0:  30Mmg. yomeyo [mwgolizo®mo

69396%96¢)0:

Logodmz9geml ¢gdbolzmMo «boggdbodg@o
2008



93GHMOO: 9969905 0mEQ0

©oLObgEgd.: Ls0bgObEOM 39039300l Log3ydzegdols
dgomOMEWMyos @  dobo 30330993 )HME0
GleMOIC R TON

293 GHYHO : 0b6x3m®3oE030Ls s FomM30L LoLEGHYIgdol
BOIJLOIO0

539093060 bosdobbo:  md@mmo
Bbmds Bo@o®mqo: LBEAH-b BodsgdB™ ©EdSBA0

060030050 306036939008 96 0BLGHOGMEIOOL  Foge
B90mImY3560¢00 LbYEgdol LY EHIEO0L gogbmdols BoBboom dmmbmzbols
99900b3935d0 dolo 5653039300 JoBbydom 30306gd0Ls s J93M(39LYOOL

M3gds 806039000 543L Lods®mmzgwml 39dbozme MboggdLo@gdl.

9330l byamdmfgeo

33GHMO0  0656MFMbgOL ©BsMRID Bogodmd3gderm »iwgdgdl s O3
3000560 65dOMI0L s O3 FoLo (35¢39Me0 3I3MBYBEHYOOL YodYF3s 96
Lbgo ©5039 9Mm©om M93OHMEMJ30s ©I9)3989W0s 53EMMOL gHowmdomo
6905030l gotqdy.

33GHMO0  00(dMbgds, OMI  b59OMITo  20dmyqgbgdemo  LosgEHmeMm
M3Eg390000 (30 FoboErgdbg F0MqdE0s TgusdsdoLO BYBSOMZS (oM
00 93069 DmIol 3039GJO0Ls, GMIWwgdoa Jmombmggb dbmwmp L3gzozom®
800500905 oGHIMOGHMOOL  30G0M90530,  OMmAMmOE3  gu  FoYdME0s
Lodgbogh™m  BsdMMAgOOL  FgueMeEgdoLsl) s Y3gws  Fomsbby  0gdL
35LbolidygdEMdSL.



9oy

Bsddmdo  dgpqds  Lsdo  Bofogoliogsb. 3oMggw  bsfoerdo
dm399meos B39bL dogH 9319353900 @S 369d3H035d0 93MHMOOMYOMEO
36390933030 39OLoL —  «LsobgobMm  ggmdgBHMools  Lsgwdzwgdol»
36MHMyM535 5 296boErmeos 53 3MHMYMTom Fom35¢olobgdmwo mgdgool
L{og3ergdols Igomogs.

Lododmgzgeml 39dbozméd bogzgmbodg@do LodsG®mzgwmlb 356mbol—
«mBs0glo  L3mol  Fglobgd”  Fgbodsdolo, dmddgEadl  FOWw 3G IO
©ob303¢0bgdol Lfogargdols dgoom©ozol LEWMEYmaol BIOOOM
30MMA6M53900. 3500 FmO0Lsd  gM9R03MNo  OLE03obgdol  Lfsgzwqdols
36MMdgdgd0  5MJo@gdGHeol  13g305wmdIODY. oLHdSTOEB, 58 oMo
1393050BEGHIOOL  FMIDBIYdST0  2obLOIMMIEOYPOMEO B 530LM0
3583030 39nMmEIdol, LobgwEMdOH — FbsHB3gEMdoMO  FgmdgE Mool
@5 9dmygbgdomo 3gMLidgdBHozolL LHogargdol Loddgl. dowmbgsgs 0doby,
Omd  4gmdgBHmools s bsH30L  Lolfogerm  3MOLYIdO 0deg3056  HMYME3
dbsH390Md0m0  gmdg@cmool, olbg dobo  gobdBHmgdol —  godmygbgdomo
396L39JG030L  dgufogerol  Loxgwydzgwl, 3Mod@ozsd agoBgzgbs, Mmd gL
153056M0LO 5O MOl s Bzmsdo dgdgbowro 3mEbs ymzgmzol ombmal
390339 dg3bgdsl  bbgs  Fobsbffo® dmdogdmao  mgdgdom, OHMIGELOmMS
d9LPogeroll  Fggao  LogMdbmdws  o33wgds  LEHMIbGHOL  LsdMdom
dgMdoMmgMds o 9339060  MIxX™MOJBEIdS  LHogwrgdol  bodobbog.
Ljmeg  sbgomo  mgdgdol  8mdogdsd  doagz0yzsbs 08 3MM39093G03I0
3OLoL  d94dbols 90O MBI, MMIGELs3 F90MI  «Lo0bgobM™
39™39EGH®00L Loygmdzergdo»  3fimEm.

Bsddmdo  ofjygds  3mBLEGHOMIEomo  ggmdg@®ool doMOMSO
3690900l asbbowrgom. bsmd3zs80s, GMmI  qgmIgBHGmool ol 49bdFHMgdo,
Omdwomsg  dgolHogugds 4gmIgEMmomwo 5390560,  3MBLEHOWYJ30o
3939@GHG00l  Labgwrom s®ol  3bmdowo. 3mbLEGMMJzomwo  39magEHMool
doM0MOO (369055 9353Mm 2gMmIgEMH0o Fodms. gl (36905 FowGdMW0s
3obLBO3MOL  goMgdyg s dobo 3mB3MGHMo SBOO 365d3H030W6 S0l
3bmdowo, Bogowomo@:  “@iogbsbmm”  (HoMo), “ao3s3wmm” ({6 x9),
“50036086m»”  ((9OGHoo)  ©@s  9d.  dmyzsboos  30bLEHOWYJ300
39M39GH®00L JoOHOMOIEO FMLEGHYIESG GO0, SJBoMmIgdo s om0 F9YRq00.

3900093 9m(39905 53900L 9E9gd9bGHIMME0 STM396gd0 s TSmO
390509Y3930L F90Mm©O3s. 39BFsMEGHIOME0s, MM 53900l SdMEBOL  STMbLBS
60dbogl  3mbLEHMWJ30Mo  4gmIgEHMool  sJLomdgdby  WRIbgdMwO,
LolOMEo  GoMmEIbmMdOL  dmddgEgdsms  BsImbomgzaols  Fgggbol,
HMIgwms ®968089g3M o glcrmegdom 30300900 Bsdogdgw RIS
@5 O3 59mEsbol s3mblbolomzol LoFoMm dmddggdgdol BRsdmbsmzswo
©59M 300090905 03 bgelsfiymgd by, GmIgmms 4s9mygbgdomsi 3530690m
59m3obols  5dmblbsl.  obobmos  oggdol  sdmEsbgdol  goshYy39E ol
Lom®ogbGogom  Udgds o  aobbogrmeos M59m©gbodg 3550 m0.
d060369d00, 6md Lolfogeom doBb9d0sb 2459m30bsMy,
693009609005  52900L  53MEs6gdoL  STMbLLS [oModsMMML  3GodEHozsdo



393039 gdwo  9Bs3g000: 1) 9bo0Bo;  2)03909;  3)  ©9BHI0EJ0Y;
4)po0m33wo3s. 9339  owbodbywos,  OMI  gmggwozol  ©d  Y39ws
50m3obolomzol 96 OOl o SME FgodErgds  0gmlb  SMEOEgdgro 53
9393900L 9O T5bgmoLOA6 A5Tox3bs.

o  Bggb 893939509  650@gbsdg  sbowo  0bGHIM3MHYGHO3000
o60my39p0bs  gOGowms  ggmdgB®omwo  syool  sMbo o
339p39690065 dolio, G@am®E 900mEOL  2sdmyggbgdols Foaseomgdo 53900l
50m3969080.  dmygzsbowos oMy  9JuIMOLo  2qmdgBHEool  Lafyolgddo.
LodIM0S 005Bg MM, SOHOLAEHMEIWIL SBOO®, M) OLZMYGHWMwo LoWOY
3obobogds,  GmamO3  §9OGowms  LodMsgwyg, 85306  99Mdergdgw0s
0093000 boog  obbowyy  ogbst,  Ompmeg  dbygmggwwo
9099963900l LodM3NY. 39B6boamos 93930l M999bodg  STM 36,
OMIwgddos OGS 93930l $dMmEsbol  sFMbLBOL  Mmmbo  9EHe3olodsb
0990099600 1dqds (5Bse0DBo, 52905, IFBHI0EIOS, 25TM3IIEI3d).

9m390mos  L3mEol  3MGLJo  godmygbgdmwo  ggmBgE Mmool
39685m@ 90 39mgBHM0s gl sMOL  J936090985 8909ABOLICPO  ROZLIH9O0l
0300985005 Ggbsbgd. 890amd  bgds 0dol EIBMBEHIOS M) BOFMOOMS
OMdger 308909095 LOMOIMO @S ML Jgodegds  gfimml  Boamol
3939EGHM0Mwo mM3090.

3960339790 AbXJWMdOEID Q9dMmIEobomyg, 3sLbbo  Jombgzsby, vy
Mo 9oL a9mdg@moo, Bo0MYoe0d9dme0s 5923900  MH9OOJE00m:
3939BHG0s gl ML  G936090985, Bmbgcrog  Ggobfszerol  3g0dgd®orIero
R087909080L 00 0300989080, G980z  IEICICS©  DBIB0SE  B0gwIHob
30206502806 oMb (3063900 gobloBmg™gds).

0oaM50  990amddo  Abxgeomdsd  oBg9bs:  —  ggmIgEHmomen
09mM9393do  FaMGH0wqdl Mol dsbdowo LsgMmmE 56O FoaOOMIBL,
oL 290mE  39MIGGHOO0LIMZ0L  HFRZ9M0  gobloDBP3Mds  BsTmYys0d.:
3902999G0s gL sGolb  dgi609(98s, Gedgcros dgobpsgerolb  89m09¢)®0smo
2087909006 00 0300989080,  HIcrgdog SO  053¢908056  Gbgozlndol
3503706530 (G909 83565 ©36983).

dmyzsboos  dmmbmgbgdo, MMIgdLs Mbs  93059MmFBogdIL
3905d3bsms  gHOHMBOoMds 0dolomgzol, Mmd 0o dobbgmer 0gbsl sboero
39m39GHEo0l  Lommdzmo ©@s  ds0  LOxrMdz9wDbBg  BITIMYSE0d9dME0S
39m39GHc0o0l, MMy 3936090900L  A9BLEBOIMGIOL  obBMYSIOO
356005630 — 89m09HM0s 5ol 3gmE9dEoscr RogeIHsms 08 030l98980l
d90bpsgargero  d95609698s,  Gademgbos G 0p3¢98056 3089
356@506980L  x89%30b 356037069630 (09Ls39 239BL5BOZMGdY).
35bboemos  49mdgBH®mool, Gmammi d93609M900L  Lsdo  gobdEHmgds o
Bo3MYse0390mE0s oM 5ddbsms GOHOMBLOMDS.

3900099 3o6boos 49magEHMomwo sBsbzgdo, 933wogl LogMEol
d93Lgds 9V MMM030  9EgdgbBHJdom, ©YDIMYOL MgMGgds s  dobo
39092900, 390L39JGH0ME-53306MH0  Fgbosdsdolmds s dolo  ™M30L99900,
D90 9306mM0 TgLsdsdobmds, garoglo Gmam®ma [OgfioMol s306mMo
d9Lsdsdobo IO,  SBobMOMSE  TgLsdsdolo  39Egdol  FMOZ9M0
80056093900, 30m39-935M308 Mgmegds.



dgmeg  bofoo  omIMdoEro 543l s®JoBdgdBH e BobsBgddo
3960L39d3H030L5 s BOMEOEgdOL  53900L  GgomEIdLy s bgeObgdL,
OmIgboz 30039 bsfowdo  gobbowwyem  mgmMome  BsBsBg 96056
53399690 ebo.

390d9GHM00ls 5 396dm© 396L39JGH030L 9609369 ™ds
5MJoGH9d@GHeolbs s bgarmgzbgdol 29630050900l g3zgms 9BHe3bY  39MPo©
0ym  3bmdowo. OHmamOE  golids®  dmbgo  s0bodbsgs,  TbsbzgEmdomo
39m3gBHGos  0dwg3s  3bmdowo  9wgd9gbBHgdosb  LogMEol  ibmdo
dm3w96900L  ©YIbOL  BsdMoEgdslL.  SOJoEgdBHIOM  F90mddggdsdoss
390GHMOWMOO g0 gds  HoMTMmo)bl 08  LsTMOEgdSL, MHMITOMS3
MOMNMYMBOMG0  39200gd0ol, 96wy 3MmgdEol dobgz0m  godmglsbogom
bobsdz0mgdo x9gH 300093 PobMBMO309wgdgo Fgbmdols 39ML3gdEHore
3990bobMgdsl, g.0. olgo LogzOEMOMO3 LYOISML, OMAMOLSE 5060
©50bsbogl Ibmeme 35806, H™MEs Bsagdmds 5090s.

15999690 S 9MJ0GHIIGHMIOMWO BMOIGOOL MONMAMbIME
5JbmbMIgBH oM 392009g0%bg  o@Bowo  BOHowgdo, Lo gdsls
335919396, MBOM BMLEHI© 308X G o MODOYOMNYRIBESYGOSLS

39390 1305339630l Bm®mIsDy. obbowmos s®JoEgdEHOIeo
BoboBgdols 53900l 53mEs6900. YMMI®Gds IMTMOOO 593l BOHOWgdOL

53900l 890MOMEWMYosl Bmbgol 9g30OBY s 5gumbmBgE©0sdo..

d9Lodg Bsfoerdo 3obboamos LoobgobO™ 3939 Mool
3M58303ME0  59MEs6gd0 @O B0 J9HY39BS 3MI30BHIMOL  39d39Mmdom.
3990g9gbgdmos  Ls0bgobOHM  AgmdgEHMool  olgmo  3bmdowo  sdm356900
OMAMO035  98306mMo  FgLodsdobo  39wgdol  Fegz5M0  F0TsMYIgdbO
@5 dobo go9mygbgds 59m3s69ddo:

L. 9m@gdnwos  (6H9focmo, dglodsdobmdol ©gMdo ©s dgbosdsdolo
090@owms yz0o. 5354mm dm3gdmwo §OghoMol s530696Ms glsdsdolo
B0opIO> — 9EogLo;

2. 8m399mos 9gwoxlo s HOHxRg. 935mm 53 gwoglols ©s §O3L
0565339006 §9MGH000 groglols 999390Ws.

2396bo@os  BMs©I©  BO©OWGdoL 93900l 4gmIgEHMomEo
SO0 s 653969000 MO0 STM396s:

L. 96535¢obbogol Lo3mmaMo s 93990 BOOEGdOL 52905

2. §6ommo  Bodob  BOHool  oggds  (Gmbgol  g3omEo o
5J8mbMgBH©00).

93909905 58 53MEbsms  AosfY39@e  3MI30BHgMoL  89dz9Mmdom.
d9LEOMEGOMEo  BsbsBYOOLIMZOL  Fggboos,  GMAMOE  LoddMEMEO,
51939 95694960 SEryMmMomdo. ymgzggero dmJdngdol LoddmMmErME® BsbsfgOL
oL gdo 5d3L «Auto CAD»-0b dglisdsdolo d6M3dsbgds.

52900L  99m(3569000 3330 BHgHIro  3H9gdbogol  g98mygbgdols
B39bgmeo  396MLogdo  JgLodErms 493039l Lsobgob®m  3gmagEHMool
69d0L3ogH 53930l 5TMF6sBY.

sbgmo  Joymds  Bgabo  sHBOom byl Mfigmdl  dgdobozmo
SHMHM36900L 4505943565l Fgdmddgqdom sHBOHM3bgdsTdo.






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
postulates, 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).



But further discussion shows: in the geometric theorems the distance between
points does not figure generally, 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, general 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 still
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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3900533900 [OHR9ms  §yzowl. 5530606  Jgbodsdolmdsdo dgmgy  HORgms
0930gdl  ImEOlL QoI  3MObgMS YOO YOHNITMIOIOIENGDS,
5x8069M0  JgbodsdolmdOL  0635M06F M ™30L9dgddo o6 Tgob.
LobgrEMdM, M) ghmo 3mombg FsM®0s, dgmeg BgdoldogMo Fgodergds



0ymbl, 853050 5OLBYdMOL  godmbszwoliog, MmEs ghmo dOEGYIWo 39¢0l
300360 )OP0YOMN3IA3IBROZNWIONE 3533900 [jOBgms {30l
dgmO)  39wol  5MgM-3)  MHM0IAN3INIIHOZNWIONWO  F9WI3ZINO
0Oxgms  fyzowo Fgqlodsdgds. godmbszwrolo bsbggbgdos 103-9 bsbsHby
[89].

foM0m300090bmm, MHMI  BobsBYBY  sgoJLoMGdIMWos  TbMmEME
50m@3obols  99mbogoeo  dmboggdgdo:  dgLlodsdobmdol s gMdo Qo
d9L50530bMdsdo  Iymgzo FaMGHowgdolb M ©s M’ fyzowo. HMYMEOE 99339
30300, 53 9mbs3999000m LAV  goblsDBY3OWMWos ™mMo  dGEGYIWwo
3900l 396ML39dGH0MW-58306mMH0  Jgbodsdolmds. M Fg35900mmm M'—msb o
393930 [MM']-0b 89953903960 3mwsMo (n). ©s360d6mo
O=nns {9gOGHomo ©s dobysb, Gmamedg 396GH©0sdb R=[OM]= =[OM']
Gooboom  dgdmgbsBmm  [iOgfomo  (g). ©o3bodbmom 98 356583690l
d9L53530LMBOL s WIMIMB  MIbs3zgIOl A s B {gd@GHowgdo. LAMB,

MOMyMO3 ©0599GHMDY oy®-




Bob. 103 58306wmEmo@ dgbodsdolo 39gdols Fmogz56Mm0 80O gdqd0

©bmdowo, 0d69ds smmo. 58539 dobgboo AM'B 3mmbgi 0dbgds dsdroo,
bowem [(AM) Lk(BM) s I'(AM') LK'(BM') §639900 — 58m3s60L 3sbwgbo.
9936006mm, OHM3 gobboren Jgdmbggzsdo, s9mEobsl  9HMOIOHMO
3sbbo  ao9Bb0s,  Bopasd  s®LYOMDOL  2odmbozoligdos,  MMIdBILS
BGHoG00L dMEMWMOOL M9gAsdgbGHOL oM 6 T93696Md0m.
605.103-by 6sR3969%0 3mgdggdgdols abFmoon® semameondo

1. m(M/, r= |M/M|) 33540700 m(M/, r= |M/M| Fegfomo.

2. m(M, r= |MM/|) sgs3mo m(M, r = ‘MM/ | §ogfomo.

3. K=mNm'. a303LsbmgOmmn m s m’ FO9706930L msbszzgmol K
F=mNm’. s F G968 0mgdo.

4. n(KF) J_(MM/) 535300 MM -0l dsermmdaemo n (KF) Feagg.

5. N=(KF) N (MM/), 2363bsB@aOmn KF Fagols MM’ FOxgbs © S 0gAdnsb.
O=(KF) N s.

6. g(O,r=| 339300 g (0, 1= OM|=|OM") §érg§oto.
OM[=|OM/|.

7. A=gNs,B=gN 3363bsBmaOmm g GOgfomols s s mgadols gews3iggmols
S. A s B §9680mgdo.

8. k(MA) L {(MB). 335300 Kk s € 600g60dseromdngmo Hgggdo.

9. k/(M/A) J_E/(M/B). 33330 K s ¢ MON0gONsOHnmdagmo FAHxg9do.
ZAMB = ZAM'B =90’

B9dmm  dmggsboemo  0bdymoz0gco  semgm@ondol  Lsggdzgm by Igoagbomos
36mg»sds, Auto CAD—ols dsbm0 360308039001 gsdmyggbgdoon;

1. mM, r=|MM)). Tools — Drafting settings — Object snap gsbxsts80
2. m(M,r=[MM). CavrToT Midpoint s Perpendicular égg03930.
3 szﬂm/. Line
" F=mNm. specify first point: MM’ dmbsgzgmols dme FodBomowsb
4. n(KF) L (MM/) sm3dsdmmo  IMomdo S mgedols
5. N=(KF)N (MM/)’ 35005339053 Qs 336036
O=(KF) N's. L O Cab .
3523430006 O FgdGogmo,
Circle
circle specify center point: dognmonmn (396@ s O
6. g(0,r= OM[=|OM]. Facdoso.
7. A=gNs,B=gNs. specify radius of circle or < >: j9&lmcon dognmonmo

|OM |- Gsobo s
30360dbmm A s B



faedomgdo.

Line
specify first point: M.
8. k(MA) L ¢(MB). Spec@fy next po%nt 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 :

39630bomm Igmeg ogoomo: dm3gdmemos  geoxlol  [AiBi] ©o
[Ci Di] ©96dgdo s 1 i6Ox89. 93953mm geroglol s 1 §Oxol gowszzgomol
090G0wgdo geoxzbol s9aqdwo@ (bsb. 104).

gwogbo  §OghoMol  sx30bmmo  foMos,  3dslosdy,  Fghodo
Bomglomdom  guogzglidg sobobgds, s 8906Mbgdom, gwoxrlog Tgodwgds
009homBg  s0LobmL.  MH9fomol  ©0sdgEHMIIL  goRLOL  053YEHMYdO
099L505090s.  3bsos,  MMI  Loghom,  [Mgfomol  ©osdgEMgdol
MOHN0YONIYIOH396-000 3 5MME0 093000l d9Lsdsdolo 9oxLOL
©05393HM9d0  MOD0YON3)M39603MEIOMWO 90 5L, FogMsd SOLYGdMOL
0609000l ©0539BHEMdoL 39039603 mo  fiyzowo,  GMIGELSS
9ogzbol  0sdg@mgool  sLgmozg yzowo (9. 0. gwoxLol ©yMHdgdo)
d99L50539ds.

3963L5BMzOM®  bomglomMo  Fgbodsdolmds,  Loosg  dm3gdmeo
gwogbol [A|Bi] o [CiDi] ©96dgo0 M6 3mby6rgbd e s 9s00Mmd)w
9dmb53390090Dg s50Lsbgds (Bob.2).

Boorglomdol s 0gMdo (A1C)) §OROL 3565w 393539MMO.
(AiB1) @5 (CiD1) §639900L s 0gMHdmsb gows3390m0L Q s R fad@GHowgdo
obgmo  §MghoMol  ©0s3gBHMOL  dmemgdos,  MMIWwgdos  gwogrbol O
395GHODBY 3503w056. 53 iMgHoédo
AMERIOS F5M-039mbs QO2R Bsdzmmbgo Rsgbsbmo.

O1 ©> Oy 9mbsmgbogg HgOGowgds  Bogmzowmmm. gl ™Mo
090@owo, s ©9Mdmsb  ghms, olgom  bsoglom®  GglodsdolmdSL

2obLoBOZME3L, Lyoz 39M396o3MWwstrme (0;Q) s



6ob.

6ob. 103 33069 3gbsdsdobo ggmmgdols dmegsto dodseormnmmgdgdo

(OIR)  §g3908L 93690037 39630boggmetrgemo  (02Q) s (O2R)  Géagg080
9bsmglsggds.  ssboesdy,  FOggms 83 @ (yzoml  bsmglomdol  dmegstrin
dodsroemgdgdo sdab.

A © C olgn Ay s G FooBomgdby solsbgds, md  Geeageos
Bs6r0n g3 A20,C; b g0 bgeels Bogomgbon.

02 FooBomo 966 dogomma s [02A2] Gspogbon s3sgmo  {ogFomo.
3Bl Bgmo  Foddoopagbl 08 gmoglols dmbsmglsgy GeBodl, Gmdgmog msgobo
[A1B1] s [CiD1] mg®dgdom s60l as6Lsbog@mmo.



o330 11 GO0l dmbsoglsgg b Goggs. LT §ogg (CiD)) s (AiB))

T653990L, Fglsedsdobs, 33gol 11 s 21 FadBomgddo, G@Igmmns dmbsoglsgy 1z s
25 G9oBomgdo (02Q) s (O2R) G990ty dmgdstigmdg. 1o s 22 Fg&@omado
939936086 Lsdogdgem L, FOx9l, Omdgmoai gmoglol dmbsmglsgy Fogfodl E; s

Fy §9o80mgddo 3390b.
bs@0s, B0 83 0 [gdBomols Ggbsdsdolo Ei s Fi Faddomado 1; foggols

s [A1Bi] @s [CiD1] og®dgdom gsblsbogdrnmo gmoglolbsmgol Lsg@oms.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

23.

655.104-%g bshggbgdo dmJdgeagdgdols abdmoion® smamGondo

a(AICI)
s |l (A1Cy)
Q = (A1B1) N S,

R= (C1D1) N's;

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

b (K;T))
G :b(KlTl) N S,

¢ (G, 13=1GQ));
Ge d _LS;

0O,=d Nc;

¢ (QO0y);

g (ROy);

t (0; Oy);

A e (A1 A2) [[ (01 Oy);
Ax= (A1 Az) Ne(Q Oy);
Ci e (C1 ) [ t(O1 Oy);
Cr=(C1 Cy) N g(R Oy);

u(Az Cy);

® (O3, 14=102 Az));

(11 12) [ t(O1 O);

12= (11 12) N (R2 02);

(21 22) [| (01 Oy);

A s Ci (908 0madby aszsdedmo §ogy;
s3330m (A1C1) §Og50l 3s6rsmgm®o S mg&do;
2963bsbmztmn (A1B1) §Ogols ©s s mg@dals
03b3339-00b 9B 0mo;

2363bsbmztmn (CiD1) (Og0bs ©s s mg@dals
0365339-00b 9eB0em0;

s393mo M s N §OgFomgdo;

3363bsB@3Oman m s n FOgfomgdols msbsjz3gmals
Ga®-Goegdo;

Ki @5 Ty {9680mgdby 6o3a(§oﬁ)mmb %39,
2963Lsbm30mmn b [Hgols ©ss mg®dols msbs3zgmols
Faodogo;

839am0 ¢ FOgGomo;

963 0mbBy s353m0 S 0g@dals dsrmmdemo d
fos0;

33635 bmzO™m» d FOg0ls ©s ¢ fagfomol
086333900 Oz (9o oemo;

Q w5 Or G90d0mgdby gogsdstmmn € (oOgg;

R s 02 Ggdthomndty as3se6mo g Goegy;

O1 s 02 Gg0d0mgdby aogsdsema t Faeg;

A1-°63 23533 00mo t FOxel 3sesmgmn®o (A1 A)
foz0;

2363Lsbmzemem (A1 Az) w©se (Hgggd0ls
0365339008 Az 968 0mo;

Cl-cba 33358 0Omm t FOx0l 3sesmgm®o (C )
foz0;

2963LsBmztme (C1 Ca) s g (659900l 00sbsz3gmals
C, T ood0mo;

Ar 05 Cy F96080mgdbg gegestimn u Fogg;
s39amm ® FOgGomo;

293589600 t gl 3sdsmagemmmo (11 12) §oeg;
2363Lsbmzome (11 12) s (R202) §6xgq980l
0863 339m0L 12 FgdEoemo;

29358960 t FHgol JsGomagmamo (21 22) fogg;



24 2,=(2122) N (R2 Oy); 2963Lsbmztme (21 22) s (R202) §6gg90l
0863339001 22 FgdBoemo;

25. € (12 2y); 12 8 25 FgoBomgdby gegedstmn Ly ogg;

26. E,= 0LNo, Fo= LNo; 3363bsbmztmn €y [oOgobs s 0 Fogfomols
0863339000 Bz @ Fa Ggodomado;

27. E; e (E; Ey) || t(O; Oy); Ex-%y go398)960m0 t §Org0l 3s@smgeno (E2 Ey)
foz0;

28. Ei=(Ei1Ey) Ny 2563 bmzO™mn (E1 Ey) s £ 76599005 00565 339001
E1 §9o@0mo;

29. F, e (F2F) || t(O; Oy); Ex-%y gogeetrmo t {agol Ss@semamaéo (E2 Ey)
foz0;

30. Fi=(F,  Fy) Ny 2963LsBmzome (F1 F2) @ € {69900l 00s6s 33900l

Fi1 §9od0mo;

Bgdmo  dmyggsboemo  ab@oioo  seoam@omdols  bsggydggm by dgeggbomos
36mg»sds, Auto CAD—ols dsbgm0 36030803900l gsdmygabgdoo;

I. a(AIC) Line
specify first point: A,
Specify next point or [Undo]: C; + Enter;

2. sl (A1Cy) Line
specify first point: 300h930 A1C1 (650086 6580L3096
336dognby s dmGgénemm Fad@oml.
Shift + 3oqlol dserx3g9bs  36m30. 3sbgemby  sg306homm
Parallel 36:ds6gds. 3n@lmeo dogoBsbmn A1C; fogglosd
(Go0gsb  dobo  3sGemgm®o  Mbes a3 Omm)  ©s
35353560 S mg»do;

3. Q=(AB)) Ns; A1B1 3mbs339m0 ©835360dgmmmmn S mg@dmsb

35R34300399;
4. R=(CD))Ns; CD; 30965339000 8353 dgmmn S Wg@dmsb
35R3430059);
5. m(Q, r=|QR]), Tools — Drafting settings — Object snap g3sbys®580
6. n(R,r=RQ)); Rsgomn Midpoint.
7. K=mNn,T=mN Draw - Circle
8. m circle specify center point: doggmonmn (396 s QR
9. b (FITI) . dmbsg-ggmol dns G Fgodomo.
G =b(KyT)) N's; specify radius of circle or < >: 396bmeoo  dogmmonmo
¢ (G, r3=|GQ)); |GQ|-swombo.
10. Ged Lls. damdscrgmdols g @oJmb3do Bsg@oma ortho 6950305
11. O,=dNg; Line

specify first point: G. as3530dgmmm gl dmbszzgmo €
FO9(00l 30083390809 ©5 s36086mam Oy [ omo;
12. e (Q0y); Line
specify first point: Q.
Specify next point or [Undo]: O,
13. g (ROy); Line
specify first point: R.



14.

15.
16.

17.
18.

19.

20.

21.
22.

23.

24

25.
26.

27.
28.

t (01 02);

Al e (A] Az) || t
(01 O2);

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

Cie (C] Cz) || t (01
02);
Cy= (C1 Cz) N g (R
0,);

u (A2 Cz);

() (02, 4= ‘Oz Az‘);

(11 12) [ t (O Oy);
12: (11 12) ﬂ (R
0y);

(21 22) [[ t (01 Oy);
22: (21 22) ﬂ
(Q0»);

€2 (12 2);
E2= Ezn()), F2= ﬁzﬂ

b

E; e (E2 El) || t(Ol
02);
Ei=(Ei Ey) N 4y;

Specify next point or [Undo]: O; ;

Line

specify first point: Oy,

Specify next point or [Undo]: O, ;

Line

specify first point: A,

Shift + 3sqlol  dscrxggbs  3bm3o. 3sbgemby  sg0Ghomo
Parallel 86ds6gds.  39ebmeo  dogodbmo t Fogglosd

(Bopashb  dolo  3strsmgma@o  bos  as33BOmM) s

30Obeme0  gswsgsse-gommo € [agqlonsbd A, T9odomdo

39233300033R9;

Line

specify first point: C;.

Shift + 3sqlols 313965 36m30. 3sbgemby s306homm

Parallel &ds693s. 3m6beodo dogo-Beboo t Fogglosd

(690336 dobo 3sG3emgemm@o Mbes 339353 sOMm) ©s

376bmc0 gsesgssean-tmmn g FOgglost Cs §gm@om3do

35R34300599;

Line

specify first point: A,.

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

Circle

circle specify center point: dogmmonmn (3968 0,
FTa6o@0mo.

specify radius of circle or jp®loéon  dogmmonmn

|02A,|-6rs0bo.

Line

specify first point: 1;.

Shift + 3sqlols dsérxzgbs  36m30. 3s6gmby  s306homo

Parallel 86ds6gds.  396bmeo  dogodsbmo t Foxgglosd

(G90gs6  dolbo  JsGrem-rado  Mbps 3933 eOmm)  ©s

376bmco assgssegormmn RO2 §oHgqgloss 1 Fgodoem3o

35R34300599;

Line

specify first point: 2;.

Shift + 3oqlol dsrx3g9bs  36m30. 3sbgemby  sg306homo

Parallel 6ds6gds.  3p@bmeo  dogodsbmo t Fagglosd

(G90gsb oo 3sMsmg-mnEo  bs 3933 OMmm)  ©s

3960beco  asesgssegomman QO; FoHgglost 2; Ggm@oem3o

35R34300599;

Line

specify first point: 1.

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

sm360dbman Ly (Ox0l @ GOgfocmsb asoszzgool Er s

F2 §96-Bomgo;

Line

specify first point: E,.

Shift + 3oqlol dsrx3g9bs  36m30. 3sbgemby  sg306homo

Parallel 6ds6gds.  3p@bmeo  dogodsbmo  t Fagglosd

(G90gsb oo 3sMsmg-mnEo  bs 3933 OMmm)  ©s



29.
30.

F, e (Fz F]) || t (O]
0y);
Fi=(F: F2) N £

3960beco  gsesgssegommn L FoHgg-loss Ei Ggo@oem3o
3923339099;

Line

specify first point: Fy.

Shift + 3sqlol dsrx3g9bs  3b6m30. 3sbgemby  s306homo
Parallel 86ds6gds.  396bmeo  dogodbmo t Foxgglosd
(G90gs6  dolo  3sMsg-mn@o  bs  3933BOMmm)  ©s
30Obee0  gseszssmanrmo £y FOx59-lost Fi Fgodomdo
352333000339;

36533 abbsgel Logmmsto s ©si3gdnmo Rdwamgdols 33909

33908 3094336905, dolo Fobbsggdols sbv) dOBggmo gogn®gdol Lsgmmsdo ©s

(39070 ﬁﬁ)goggaboh oaabo‘ha.

X12

QO

@3990

15'2](4).105-“63 6083353600 AA'BB'CC'DD’ 3sérm0 3sGamgmgdodgools bs ymme®o

Reoemgdols 83908, g309abg3  ©8  8JlmbmdgBMosdoz.  Lsgnmed

hromBo  0dgmgggds  IMszsemebbsasl mmo AA'DD’ s CC'DD’ {sbbsgo, sdogmd

I3 obbogsl  heomo  [sdmseagbl 83 ™o  [sbbsgol  BOomms  Fgg@mgdsls

[90].



6. D1/=d N X125 2563 bmzO™n d FOxg0bs s X12 @96dol 0sbs 33900l

Dl/ F96®0-mo;
7. Bz// e m (Bz// Bz/), Bz//-%a 393589Omo m {6y X12 ©9Gdnsh 450 —50
Zm X12=450 esb®omo;
8. Bl/ = t(Bl/ Bz/ )L Bl/ T90dombBy gegsdemmn t Fogy Xp—ob 3g6-
X4 39brog 9O
. Bz/zt N m; 2303Lsbm3tmn t s M 0sbsjzgmals Bz/ Tood0mo;
10. Cz//= Dz// e n( Cz//= Cz//z Dz// -9 393989Omm N [Oxg X1 0g@dmsb 450 ~60y
Dz// Dz/), Zn sb®omo;
X12:450
11. DI/E (Dl/Dz/) Il t; Dl/-%a 33358 0Omm t fagels 3sesmgema®o (Dl/Dz/)
NAUAE
12. D)= tNn 2363LsBaOmn t s N FOHxgggd0l 0sbs 339000 Dy
Faedogmo;
13. C1/e (Cl/Cz/) Il t; Cl/ -b9 39353 9Omn t agols ds@smmgmndo (Cl/Cz/)
Vog0;
14. C2/= tN n 3303bsB@zOmn t s N FOHx9900l msbsyzgmals Cz/
Faodogmo;
6sb. 105 I35 sbbsgsls Adoemo
605.2-bg 6shgg6500 3eddqmdgdals 0bgmaion® semamGomndo
1. B;ea(B; Bl/), Bi-%g a035¢96m0 a (6gg X2 0g@dmsd 450 ~o0
Za X12=450 sb®oo;
2. B1/=a N X12; 3363bsBm3tmmn a (OHgobs s X2 mgAdol 0msbs3zgmols
Bl/ T 96Od0-mo;
3. Cieb(C Cl/), Ci-%g g939890mo b (6gq X12 0gdmsb 450 —50n
Z bX12=450 sbGomo;

4. Cl/zb N X12; 2963bsbmztme b Fagols ©s X1z mgMdol msbs3zgmols



Cl/ G968 0-emo;
5. Dye d(D D1/), Di-%g g9358s0mn d%’ﬁ%a X12 @96dmsb 450 —50n
Zd X12:450 sbGoo;

B9dmo  dmygsbogo  abBmozondo  semgmeomdol  Lsggmdggmby  Igegqbogmas
36mg»sds, Auto CAD-ols dsbgm0 360do@0ggo0ls gsdmygabgdoo;

I. Bjea(B B/ ), Tools — Drafting settings —Polar Tracking
Z ax;,=45" b ®ols Polar Tracking «x6g080 ©s35996mo
2. Bl/ =a N X2; smasdo s Increment angle ogeby o680

3930935600 450_;

Line

specify first point: B;.

Specify next point or [Undo]: g96bmeo
23033550300 MM  X12 MYAdnsb Bl/ F96Boe3o

/ 39R34390990;
3. Cieb(CCY), Tools — Drafting settings —Polar Tracking
be12=450 b ®ols Polar Tracking «x65080 ©s35996mm
4. C1/= b N xy2; semsdo s Increment angle gsby o580

39309356m0 450-;

Line

specify first point: C;.

Specify next point or [Undo]: 396 bmeo
230353550300 MM  X12 MYAdnsb Cl/ T 96®0emdo

35R3439053);
5. Diyed(D Dl/ ), Tools — Drafting settings —Polar Tracking
Zd X12=450 RbxG0ls Polar Tracking IRO9Edo  ©835996mm
6. D/=dNxp; smsdo s Increment angle g3ebyxs6580
d9309356m0 450_q;
Line

specify first point: D;.
Specify next point or [Undo]: 396 bmeo

23053550300 MM  X12 M9Adnsb Dl/ T96odomdo

3909330053;
7. B e m(B)'B)), Tools — Drafting settings —Polar Tracking
Z mx12=450 RbxM0ls Polar Tracking IRO9Edo  ©s835996mm

smsdo s Increment angle g3sbyxs6580
d9309356m0 450-q;

Line

specify first point: B, :

Specify next point or [Undo]: 396 bmeo
2303535503000 Mm 33613397 dsbdognby;



Shift + 3dsqlol  doeix3g9bs  36m3o.  3s6gmmby
sgoébomar  Perpendicular  36dsbgds. 3@ bedo
dogodsbmn X2 @gdby (F)QQ&)G dobo dsromdo
MbEs 33358 OMm) ©s aszsBetme t Feaggy my-
036 gos 33900l Bz/ FT96d0msdweg;

Tools — Drafting settings —Polar Tracking

by ®ols Polar Tracking «x6g080 ©s35996mm
sgmsdo s Increment angle gsbygs®580
39309356e0 450-q;

specify first point: C,"=D," .
Specify next point or [Undo]: 396 bmeo

230353550300 Mm 43613397 dsbdoenby;

specify first point: Dy,

Shift + 3dsqlol  doeixg9bs  36m3o.  3s69mmby
s306homo Parallel 361d369ds. 3960beco
d0g0)sbmm t  GoOgglosd (©r900756 dolbo
336180 ger 0 Mbos  a9358sOmm) ©s  39Almeo
230338300 (Dl/ Dz/ ) FO39Lmsb Dz/
Faodomdo 3oesg390s3ey;

specify first point: C;’ :

Shift + 3dsqlol  dsergggbs  36m3o.  3s6gmby
s306homm Parallel 31dsbgdes. 36beéo
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