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3Mb6LAOYJBM@gdol Jog® o sbgdaogo 0dbsl 3@sBogodo.
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dgmelg  ms3do  d@FyYgero s Log®omo  d9@39H o 3gdobobdgdols

30m9JBomgdols 30m39bo aobobognagemos OMYM@A3 YAN0HON
5353 doMgdoymo gGo3gdol Lol gds:
L 39d560bdols LE@y]dyageo bjgdol @oiombognydo dg@bggs-
LEAOYJH P90 Lobomgbo;
II.  3obgds@ogydo LJgdol dypdogo 35@539BMgdol goblobwgme-
306935303960 Lobmgbo;
L. 339dobobdgdol  @gemoo  3obgdos@ogydo  30M539HMgdols
2oblobmg®e-306935@ 0490 Sbognobo.
d9d560%39b0L  s3MMygJHgdol  dgdpamdo  gBedgdo hggbl dogH o
aoboboangds.
LoblGygao  39dobobdgdol  ©03MmygBgdolmsob s 3ogdodgdyen
Lo3000bgdmsb Loli@gdydo dowymds ayeolbdmdl:

1. d9d560%dols LG YJB YO Yo bjgdol dg@bggol @@mL Fobolfom
065 3omgoaolfobgdyemo Lbgowslibgos 030353000
LA® 9B yool  dgJobobdgdols  3m@Fgbzogdo  gubdEombsgado
dglodangdamdgdo, @Omdgol  Ggogobozosi  bpgds  dgdwamddo
306935303960 Lobmgboli gBs3by.

2. d9d560%dols 30bgds@oggdo Lobmgbo bm@Eogaogds 3gobobdols

30mgdBomgdol  dmgels  gBe3by  Ggdbogydo  ogoamgdols  yggems
300mbols  pomgoeolifobgdom, o3  gyolbdmdl  ymggmage®

30bbH@Jgogm  ©>  gobgdahoggd  Ygbeygesaol o Sbggg
dd@smdol aoesegdol bodolbol 3®o@dg®oyndgdl.
3. 306935303960 sbsgnobo aoboboangds sHs Mm@ dbmemo
330930 gOm-ghmo  gBs3o Lobmgbo@gdyemmo dgdobobdobs, o®sTgo
23MJ03)  OMROAG  3OMEIRYGS,  Gedgmos  IDsGo@K IOSROE
30900496905 d94o60bdols m3Godobsioydo Lobmgbol wOML.
sbgmo  LobBgdy®o  dowymds  Lodygsagdsl  odanggs, @md ol
P dgogme  3odmygbgdbym 0dbsl dg@39@ 9o 39Jobobdgdol sg@MIsF@o
©530m9dHgdol Loli@gdgddo.

Fo®dmea 9boen 65dO ™30 aobbogogeos d@FYgeo LoblGygano, sbiggy
bo0g@30mo, 390dme bygOhymo dgdsbobdgdol symbol bmaswo dgmmy®o

Lsgombgdo. OB 990 ©S 306935@ 03900 Sbagrobols O
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Lobmgbobomgols dgoagbogros Lod@amens, mmb@dymans, byn@ymens ©s
doogo  gaslols Labl®gao d9Jobobdgdol  aosbps®odgdols dgbsdsdolo
S ®00ndo 33d309BHJOYE0 3OMaMsdgdols 2sdmygbgdom.

obggg  aobbognygaros  LoblGyao  dgdobobdgdols  dmd@omdbols
2o539d0l ba®obbol  3@o@g®oydgdo. o3 3OoRgHoydgool goblobmgds
Y3080 9dge0 05, Moms osy0begl dgdobobdol Iygdomdols Iglodergdenmds
domo LAOYIA YO0 s 30bgdsBogy®@o Lobmgbols s sbognobols g@o3by.
od  3M0Ggmoyndgdl  ofgm  bygoms  agmdg@@ogmo  bobosmo,  @o©ysb
©5dM30 oY gdo  oMoob  dbmgme  3obgds@ogy®do  Ljgdol  Iyodogo
35M539HMgdolbs o d9dobobdol  aobbmpswmgdbymo  jmm@obs@ols
3609369 mdgdbg. Lofygol gBo3by Imd@omdols aowsgdol 3@o@dg®oydgdols
sliodggd0o 360dgbgermdgdols dgdmbgggsdo 9339 dgbsdengdgemo 0dbgds 94339
dgohggeo  LEOyJdgoOol  dJmby  dgJobobdol  3@mgJBodgds,  boam
30mgJBomgdol  dgdpamd  gBo3bg godmoygbgds 9339 Ubgs dglsdsdolo
3003 gM03dgdo.

OTRPXUIOTE! 3bmdogos, d9J560bdgd0l 300gJBoMgdolsls
2obolibgoggogb dgdwge g@o3gdl:
1. 39d560bdols bJgdol LR y]B 9Oy 3GmgBodgds;
2. 391560Bdols 3mblE@y]@oygeo gargdgbdgool s bmdgdols
30mgJBodgds.

05b0d90Mmgg B9d6035F0 aodmoyggbgds Lbgowslbgs LE®YIBa®ol
39J560b39801 god@Mogo Homegbmds. LE®YJA YO0 sbogrobol ho@o®gdols
aodo@Boggoobmgol, gl 3gJobobdgdo  oymgs  mxsbgdew,  gansbgdow,
N3 9BI0o©, Lobgmdgdow, Moygdo  ©s o.9.

Amamai  bgdmon  odbs  swbodbyano,  LogdEom  bg@ 396 g
d9d560b3dgdTo s@0l yggans genrsbols 3obgdo@ogydo Fygomgdol aodmygbgdols
dglodagdamds.  @oasbsc oM 3397900 ©odmgoegdgmgds  Lofyol
39J560bdmsb  dobogPmgdgamo  xodgol  @ymangdls  ©s  obgdsGogy®o
Vygoagdol  Logomm  @omegbmosl  dm@ol, 3d5Tob  bomgaos,  @mI
Lod@gmaosbo, monb@ymaosbo, bymGameosbo, s o 9. dgdobobdgdols
dobowgdoe, dgbodsdobow, Dgdhgye  9bos o0dbols Lbgopslbbgs gerslols
306935803900 (ygoagdo. obg dogogomsw, mmnbdameosbo  LogdEomo
39039890 d9dobobdgdol  dobomgde,  Lofyol  39Jobobdgdl  9bws
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doggomegl  olgmo  byemgsbo  xayygdo, @mIggdoi  dgoggds M@0
GAam@olasb s Lodo 30bgds@ogyn®o (ygomolasb, @oms o3 {ygoggbom
obbm® 09 gdygao ddoms Gogbo 5@ swgdsFgdmwgl 12-Ls.

09 obsgmyoy@se  godbxgamgdm, @md  Lofgol d9dobobdl  ybos
doyg@mwgl m®o 3obgds@ogydo [yzoaol dJmbg gemo @ymano:

K=5
Z KPk = 6
K=1

Goaob  dgbogdgoms Moibgo Yo®dol m@L, dgagodeos w©sgfgomm
Ki+K2=6
Lowsi Kis Ko - bygeomgob xa9ndo dgdogogro 3obgds@ogygdo {ygoemgdols
gooligools Log®mm 50bodgbgdls Fomadmaagbgb.

09 bofyol 3gdobobdo dohbgyenos asOmsb Gogob@ye 3069353039
Vygo@mb 05 353'doMgdyano G0, d>dob LoFyols d9Job0bdbg

dJobog@mgdgeo xa9an0l msgobygegdol badolbo yo@ol:
W =6n- Y55 KP = -1
Gopasb, W =1 hggbls dgdmbgggsdo dogowgdm
K= KP, = 11.

09 dmd@smdols ghmo badolbol 3Jmbg Lsddamerosbo Log®iEomo
d9J560bd980L  Jolbowgds  ©og(gmm  ULbgoslbgs 0@ gdols  gggems
‘dglodene 3mddobsosl, Ladmamme dogowgdm:

5+1+5=11;
5+2+4=11;
5+3+3=11
4+3+4=11;

sdM0poe,  dogowgdm LogdEomo Lod@ameosbo 39dsbobdgdol mmb
bbgopolbbgs Lobgmdol. gl dgdsbobdgdo, 0dol dobgwgom, oy dmd@smdols
@53gbo bo@olbo aoohbos dgdogoem @amel, 0gmgs Mm@ jasbse, beoam
dobog@mgdger  xa9xdo dgdsgoemo  3obgds@ogg®o  {ygoeols  ¥diomglo
goobol gomgogol{obgdom, domo @oymags dgodagds gowgg  Lobgmdgdow
(3boogno 3).
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SdM0g o0 Lbgowslibgs dgibogmdols dog® ‘dgd9doggdeo
LAOYIH a0 9o gaslbogogs@ools  mgmdool  bagydgganbdyg,  dowgdyaos
Lod@gmanosbo  dgdsboddgbols ygges  dgbodenm  Jm©0e3035(300,
‘dgl§ogemogos byanmgsbo  mxsbol  Laddgymanosbo  dgdobobdgdols
(omdmJdbol bogswo 3obmbgdo.

Loolg@@oEom b5d®Omddo aobbogoygeos dOFYgero ©s LogdEomo
Lod@amens  39Jobobdgdol 3o sggmo  [g@Goergdol F@ogddm@ogdo  ©o
g gbogno dglsdsdolo gmm@obs@gdols 3b®ogro (bob. 3).
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JmméEobs@gde
¢ Xm  Ym | Zm

0 -25.30 -28.26 -21.76
30 -35.75 37.21 14.67
60 -32.46 28.16 41.45
90 -23.20 1546 55.51
120 -11.19 381 61.38
150 1.98 -6.51 61.73
180 14.83 -16.26 57.33
210 25.72 -25.97 48.61
240 32.70 -34.71 31.05
270 32.99 -38.56 6.63
10 300 22.70 -29.90-21.10
14 330 011 -3.26 -38.09
12 360 -25.30-28.26-21.76

WW NN AW N SO Z

bob. 3

olg®@o3osdo aobbogymos  Logdomo Lsddgmens d9dsbobdgdols
dOsgoe0 dglodem  dmE0g035300sh,  dbmeme  olobo  @mdggdo
23bgwgds dobJobo:nddgbgdenmdols ©d bgenbo{ymmnddgbgdenmdols
3M5JH0god0, yyudeo®gdols 03gglb d9dobobdo, bohggbgdo bobsbbg 4. 5d53g
bobobbyg bohggbgdos odmdsgsgmo  Gamenols bgdoldogdo M Fg@Fogols
AMo9JBmA0s o Ygygbogos  Lomobsm  3mm@obs@gdols sdbsbggano
gbGoao. sdogg dgdobobIobomgols 30bgdsBogy®o  33e0ggs ho@osgdyaos
9gog0g@ol 3gmbggdols @obds@gbdoom.

z

x

Qu| 0 30 60 90 120 | 150 | 180 | 210 | 240 | 270 | 300 | 330 | 360
Xm $7.6268 £6.8122 105.4528[143.0175(173.1012 192.6192[199.8893194.3198194.3198176,3626/147.546§110.7251 [71.5675

Ym [3.4899 |-46.9478-84.8048-99.9391|-88.2948-52.9919|-3.4899 |46.9472 [46.9472 |84.8048 (99,9391 (88.2948 [52.9919

Zm [194.2151 [182.5708(147.2680P7.7660 47.3289 P.4712 [-5.6631 [5.9813 [5.98131 [41.2841 [90.7861 [141.2232(179.0808

z
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dgmmbg bobobbyg (odygeb dymano O1A (Gymano 1), ©s3ogdo®gdygeos
aoMmsb IV 3anslol  oaobo®@yamo  3obgds@ogn®o  Fygomom, beoam
sdymeno  @ymenos  OA  (Ggmao 2) as@msb ©s (odygeb @amemmnsb
s 353 doMgdyaos III ganslols Lggdyao 3obgds@ogydo Fyzoagdom.
d9do60bdols dydogo 30bgds@ogydo 3o@Ms3gHMgdos:
r- (5393560 @amenols (1) Log®dg O1 (x1,y1, z1) (g@Boosb, A (x1,y1,21)
VaoHogsdwey,
e - gbJlosanols Lowogwy
R —OA godogogno Gamenols Logy@dg.
d9d560bdols (33emoo 30bgdo@Gogn@o 3o@Msdg@Mgdos:
S=Xi- {5dygobo @ymaol da9bgol 396@® 0l sdlLE0LY;
P1 - O1A (odygobo  Gamerols dgdmd@ygbgdols  ggmbg - d9dobobdols
2obbma oM om0 3oMsdgH®o.
OA - b9@o3ool  @gddo (3gobdgdol  (ogg), doowgds OA-L dodmmdo
Lod®@Egolbs s XOY Lodm@dyggool msbsgggmol dgogeswo.
OA s OX' (093990 dm@ol gymbg (o@dmowagbl Logymos@o d@ybgols

390bgl @.

R?—e2—r2—-2re cos @1

= arc cos R cos @1 J

(R?2-1r2sin2p1)( R?—e2—r2—2re cos @1+e2sin2@1)

OA s OX @g@ddgol dmdol 3ymby ‘5(4)0131]) 30939bools 3gmbyg:

—(e+rcos 1)
JR? —r?sin?¢@1
0Z ©>OZ' ©mg®dgdl dm@ols 3gmbg @0l 0 - by@oiools 3gmby:

Y=arc cos

rsin(.p1
R

0= arc cos

od  935b5L3bgmo  Be@Iygmgdosbh  jom@obsGgdol  360dgbgenmdbols
holidolols, Lodmenmme dogowgdm:

dolb dgdogy @53 gobobobwgds  3gmbggdo ll), @, 0 9o g®ols

390bggdl, Imzgdyero d9dsbobdols dgdpamdo ggemggs dgodengds ho@Go®wals
dgdobogsdo 9339 bozbmdo gm@dyam gdols dobgogoom.
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Lboolbg@@oEom bsd®Omado aobbognygeos  dOEFYgero s Logdzomo
mobOames 5903900 d9do60bdgdo (bob. 5). dsmo jobgds@dogy®o 33egge
ho@o®gdamos 3md309@gdgeo LolBgdyg®o 3Gma®sdgdols AUtOCAD-ols s
Inventor-ols gs3dmygbgdom.

bob. 5

aobbograemos 53 3gdobobdol  yddogo ©s Imd@sgo @ymangdols
YOM0JN0  BoOEMbom0  JEgdoMgmdgdol  ggzgms  dgbodenem  go@osb@o.
bodOm@ddo  oadgmgg  aobbognognos  doMdozaby  Jwgdodyg  FgdEowgdols
AM59JBmM0gdo s gy gbogro dgbsdsdolo gmm@obs@ms (33580 gdomdols
gb®oggdo, godEs  sSdobs, bohggbgdos  (3bmdoano  dgbogdgdol  dog@
993600 39d560bdgdols dmd@sgo Jmege gdo, Gmam™oi s@ol: Amdg@ELols,
hgoodggol,  goBol,  sOG®dmeggligol,  ggoblol,  3ggz0l,  ©gembgls,

LbogrgglB®g-39d3gl, 3mbgmogl, s Lbge.

=8

bob. 6

dobJobomnddgbgdbenmdbdodo  Lbgoswlbbgs  @gdbmmmyoydo  sdmizsbgydols
2o05(9439H0lol bdodswss Lako®m dgdobobdol 3o 9o [g®@oggdo

3OO0 oME gl LOYmos© 25033990 HMsgdBm®oon. Gmym®g {gbo
sbgm  39dob0bdgddo  ggod3l  gOmo  [odygobo @ymao, ©s  mommgywmo
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d9d560bdol 3o 390 FgoBoemgdo dgbodangdemdsls odgnggs dogo@mm
JOmsE-gOmo dgbsdsdolo Fomo.

AP0 AMo9JBm@0gdol smfs@mdmgdbobmgols dgodangds odmygbgdoen
0dbol @0 3md@omdbol  bo@olbols  dJmby  bOFYgeo  ©o  Lygdywo
3903900 39d560bdgdo. dgdobobdby ©sdsBgdomo jobgdsBoiygdo ddgdols
2aobbm®i0gegdol  dgdwgy, gowgdm  gOmo  Ygdsgsgo  @ymaol  dJmbg
d9d560%3L.  m@0  dmd@omdbdols  bodobbol dJmbg  bogg@og  30bgdsGosy®
N0d390do ©odoGgbomo 330l 300mdgbol aobbm@dogegds dglsdargdganos
bbgowolbbgs Lodygomgdgdom. @ospasboi ©ods@gdomo Gamergdol oibgo
s  xodg@o  ddoms  Gogbgo  gO®Isbgmmsb s 3ogdodgdyaos

05dM 30 oY gd0m
W=3n-Yg=45(K —3)P, = —1,

booabsi hobls, @md
2P5+Ps=3n+1

05359000  30b9do@0g9® xodgdo dgdogogo Gamagdol @smgbmdowsb
3odmdobady,  239J6g0s 2oblbgoggdyeo go®osb@gdo.

0d dgdmbgggedo, @mwgbsg m@0  mogobygmgdol bodolbol djmby
306995303900 xodkg0 [o@mdmopagbls bym@amens d9@39H 9 39J560bIL,
dodob  3@oJBogymo©  dobowgbos  @sdsFgdomo  bds  asbgabm®ogemm
930920 300mdols 3300

n=0 Ps=0 Pu=1

09 3ogomgs@olobgdm  dJodoms  gubd3oy®  ©obodbygdgdls,
d9d560bdgd0lL o 3990 Gamegdol IMd@omdols QoMEsJdbgdl @ dom
Lbgoolbbgopago®  LEA®yJdadge  dobsbosmgdbangdl,  3s5Tob  hoggBoeo
306935303900 xodggoobmgol  dgodangds  dggoaobmo  jansbogogsiools
3obbmaswgdygao  Ldqgds (3bGoano 4).

5dagoMo0, LEA®YJB YO ygmo geosbiogogsiool mgm@ools Logydgge by
dJowgdyao  odbs  dmd@smdol  gOmo  bo®olbbol  dJmbg  hoggBoeo
30693503900 xodggdol yggews dgbodenem dmwogoygsaos, dgbfsgeroaos
domo  {o®dmJdbols bmposwo 3obmbgdo, dgz@gdomos ©s Jamsbogogsiools
LobEgdodo dmygobogros 53 dgdobobdgdols doGomswo Labggdo.
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gb®ogoo 4

dOGHYg  ©o

LggGge  byoGyoms 9@ 390w

Gamgools bmdgoo goblobwgdsggb 0d 3mbi®g@ e 9dsbl, @mIgando

d9J560%396do

‘dgodengds Jmmoglgdbygero oyml §goEogol Ladogdgamo B@ogd@maos.

sy 9bogos sbigm dgdsbobddo m@o IOYbo@sl s@Lgdmdols dgdwgao

306 Mbgdo.
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bob. 7

1. <APB + <BPC = | + <CPD + <OPA

2. <APB - <CPB = | - (<DPC + <OPA)
3. <CPB - <APB = | - (<DPC + <OPA)

d9-8  bobobby  dmigdgmos  dOFYgeo  bymGames  59@ 39 g0
d9d560bdols  do@dsioby  Jwgdsdg M Fg@@omol  gmm@obs@gdo
AM59JBmA0s  39d5bobdols  sImy ogdgeno P11 2obbmyswmgdygao
30M5dgBMol (335 gdsmdols Jobgogom.
3OMO©0bSHJb0
M N q?g| Xm | Ym |
0 | 0 [573 [60.75
A 1 | 30 |5.79 |48.45
2 |60 |-2.39 3603
Y 3 | 90 [2376]28.98
| i) e
o ym=fa(p1) 6 | 180 129.5521.71
il = 7 | 210 123.97 42.19
70 N 8 | 240 1105.76/59.96
60 ;—/ 9 | 270 |80.05|69.80
sl 10 | 300 |52.38|71.74
S 11| 330 [26.6668.65
= 12 | 360 |5.73 |60.75
IZO:Tlllllll |I s
l I -2.‘395|A73J 23.76 |40‘50 60 7\&08 100] 1:8.0; |140 >
bob. 8
M@ dAOYEbsMosbo Lxygdymo bymndymas dgJsbobdol doddsioby
dogdoty M Vaodommobomgols  spgdgeos  F@ogddmdogdo @

2obLobEgd Yoy Jmm@obs@gdo dgdobobdol dgdsgseno o godmdsgsgno

Gamgools  aowsgdoms  @oibgol  Lbgbeslbbgs  360dgbgermdgdbolomgols

39®dme Ui=1:1, (1), Uw=1:2, (2), U4=1:3, (3) (bob. 9).
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il
JOMOEobs@gdo 1 JMMOEobsEgdo 2 3G obs@gdo 3

NTE [ xn] ym][ zm N | ¢ [ Xn [ ym | znm N | ¢ | xmn| Ym | Zm

0 0 78.06 |150.75[131.62 0 0 59.16 |161.98[128.07 0 0 35.01 |187.58(99.04
1 30 [56.92 [173.52[112.99 1 30 [14.05 [196.81(85.14 1 30 |45.58(182.67/103.14
2 60 |20.08 [189.95/95.48 2 60 |45.39(181.721105.55 2 60 [131.721151.02(78.10
3 90 |-4.53 [192.86|94.21 3 90 [111.11[157.78|95.66 3 90 (131.68/149.63(81.44
4 120 |-38.111183.87(104.26 4 120 |156.33[(140.95|43.78 4 120 |47.87 [165.97(128.01
5 150 |-71.881171.58[107.34 5 150 |123.52[(143.60(100.40 5 150 |-47.091175.22|115.37
6 180 [-59.09 160.16130.32 6 180 |64.47 (150.201138.43 6 180 |-16.63|149.47|153.67
7 210 |-30.51 [149.99/150.11 7 210 |-5.65 [157.901145.06 7 210 |74.09 117.02|164.49
8 240 | 0.75 [138.33[164.36 8 240 |-69.34(166.421117.34 8 240 | 3.23 [136.82|165.88
9 270 | 34.05125.81(170.76 9 270 |-39.14(157.98/140.53 9 270 |-36.55(185.50(102.37
10 300 | 68.37114.31{168.55 10 300 | 23.89|135.24({164.99 10 300 | 45.14156.06(140.82
11 330 | 91.43[122.941150.52 11 330 | 91.01(114.70(157.43 11 330 [113.03/135.10[123.31
12 360 |78.06 150.75[131.62 12 360 |59.16 (161.98(128.07 12 360 |35.01 187.58(99.04

bob. 9
h3gbl  dog®  Jomgdbyao  33eng3zgdol dggag00  25bLsggm@gdom

db0dgbgamgobos  Lobifogerem  3@m@Eglbol  goe®dsggdols s  dobognols
>0golgoolomgol. o3 mgogbab@oboon ho@Go®gdymos Lggaml bgosdo@ols
dosbenmgbomo gobggbs, Mo bohggbgdos bobobby (bob. 10).
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bob. 10
Loolig®@oEom bsd®Omddo aobboanyanos, dgbsdg gansbol, d@Eygeo
s  bogdgomo (bggdyamo)  ggbdgmas  dg@g9H 9o 3gdobobdgdols
30693503900 sbogobo.  sygdygeos  do@doimgebo  F9d@oagdols
AM59JBmA 0950 S ‘dgpygbognos Lomobom 3MMOobsRgdols
(33580 gdomdols 3b®ogngdo (bob. 11).

bob. 11

Loolig®@oEom bod@mddo asbbognygaos domomo ganslbol dGEFygeo
s bggagmo gJgldamems ©s @godymas dgd39@ 9o 3dgJobobdgdols
sbogrobo s Lobmgbo 3md3oydgdygeo LobEgdg®o 3Gma®sdgdols AutoCAD-
obs o Inventor-ols yodemygbgdoo.

bodOmIdo ho@o®gdymos, 30bgdo@ogydo sbsgrobo dgmmbyg geoslols,
dOFYgmo s bygdymo  gdgldgmes 39039390 dgdsbobdgdolsmgols.

5390 e0s  boMdoi3mgobo  Tgdm@Gomgdols G@sgdBmeogdo s dgoagbognos
Lomabo@m 3mmA©obsdgbol (3300 gdsmdols 3bGogngdo (bob. 12)
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bob. 12
hoBo®gdamos  dopogro  gaoslbol  @godgmens dOFYgeo s

b3gdgero 3gJobobdgdols 30bgdoBognydo 3gerggs 53 gdmos do®Mdoimgsbo
Tgo@oagdols B@sgddm@ogdo bomsbswm gbdoangdom (bob. 13).

bob. 14

306935803900 3gemggs  ho@omgdyemos sa®gmgg d99J3bg  geosbol
A3oGames 69@ 3900 dgdobobdobomgols (bob. 14).
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do®omso ©sliggbgdo

ho@omgdymo  33e0 93900l Loggydgger by dgodengds  dgdpgao  doGomswo
©ob3gbgdol goz9mgds:

L. 3obgdo@ognd (yzoamgddo @ymagdols dgg@mgdols Lodygogmgdgdo s
3069350396 (ygoamgddo  dgdogogmo  @amengdol  ggmdg@®oyao
92093963 gd0ls YOM0JO 3>3doM0 JdAsgoma3g@mgabos. >do@ma
306935303900 Fygoegdol  33emggs,  domo  LEOYJH YOm0 bodbgdols
0ngomlsb@olbom,  ©s04sgbgds  gHmog@mndgdbgdo bgose3omgdols
239mdgBHOoygmo  Bm@Mdgdol o o3 bgpsdodgool  YOHMogOm-dgbgdols
300mdgb0l s balosmols 3g3erggedey.

2. 360dgbgemgobos  Lod@amenosbo  30bgds@dogygdo  xodgol Log@mem
LAO 9B 9O 9o 3sM0dgBdgool  oagbols  Losgombo, @owysbsiz gl
3005d9BMgdo  Lodygoamgdsl  ggoderggzgb  30bgdo@dogy®o  sbsgnobols  ©o
Lobmgboli  53m3ebgdol  dmblbsl  dogywagm  yggews Loboli  Log®Eomo
d9J560bdgd0olmgols  Log@mm  3mbooowasb.

3. 030l gomgoeolifobgdom, @m3 Lod@ymeosbo g9 39@ 9o dgdobobdgdo
gogodgds @  3obgdsRogy®  (ygoedo dgdsgogmo  @dgmanols  Lafyols
d9do60bdmsb dog@mgdom, s Gowasbsi bgdoldog®o o3 {ygoemogy b,
OmIganodg 30bgdsBogg®o xokgol ggogeegbBy®os, yzgers Lasddymenosbo
Log@omo 3gJobobdowsb  dgodangds dogommo doGomswse mnb-, byo-,
9J3L- @ dgodamerosbo Logdizomo dgdsbobdgdo.

4. boddymeoshb d9M 3930 d9d560%dgd0lsmgols Jo@gdaenos
JONOAM0osbo  xa9gngdol  Lbgswslbbgs dmmogolzsizogdo, Gmdgangdos
‘dgodengds  dgomebgb  domomgdygmo  dgdobobdgdols  Ygdowe gbermdsTo
sdymeno dgmengdol Laboo.

5. dgdmmsgobgoygao dgmmeols asdmygbgds Lodygoggdsls odanggs yggems

JmEog035300L  dORFYgemo s bygdygmo  d9dobobdgdol  30bgdsdogygdo
sbogobols o Lobmgbol  odm3obgdols sdmblibs  hos@dodwgl  gHmbso®o
doamdol  Logydggebyg, sdslmsb  mommgymo  sdmEsbols  sdmblibs

dodBogogdo. d9J560%39801 3380930l ‘dge gy dogogeo

25



396d30mbogu®o  ©sdm o d e gdgdo  Lodgomgdol 0denggosh ©oglgom
Logombo dogao 30mi3gbol m3G0dobsiools glsbyd.

6. (o®dmpagboano Jgmmwols godmygbgds dgbsdangdgemos 3936096 9d0ls
> 3ob]obomddgbgoermdols bgdolidog® Lygdmdo hggbls dogd dowgdyao
3320939000 B9 gago0  oblogym@gdom  dbodgbgarmgsbos  Lolifogerm
30m3gbol  gom®dsggdols s dsbogols smgolgdobomgol, @sdgmey oo
99996905 Mobodgdmgyg, do®@0g, mgogbohobm ©s 3@sJGogygm dgmmegdl.
Sdobmob  oldyemo  sdmzobgdol  aoesfyggde  bpgds  0bgoby®-
30bLA®YJBm@gdolbomgols 3bmdogro sbsgobydo g9mdgB®ools Jodomswo
40995960l 25dmygbgdom.

7. @0 s by Igdo Imddsmddols bodolbols dJmby  dg@ 3900
d9dobobdgdo  dgodengds  aodmygbgd o  odbsl  Gmym@E  dod@Fogo
S g0@ @0 sliggg ds@omo @ogol Fodgboli dolowgds.

8. bymdames 3903989 394560336 d0 Mm@ Ihgobo®sl s@lgdmdols
300mds©  9bps  hsomgogml  @amengdol  bmdgol  dm@ol  dgdwgyo
05bsgs@Momdgodo:

<APB + <BPC = <OPD + <CPD + <OPA
<APB - <CPB < <OPD — (<DPC + <OPA)

<CPB - <APB < <OPD - (<DPC + <OPA)

9. byon@ymes  dg@39H g0 d9Job0bdgdol  zoemggye  Tg@@omgdls
dggdeosmn  bylRe o6 dosbgomgdon se{gOmb [@g(odo, [oOag o6

amdganodg Lbgs sanago@ o Fodo.

10. Lbgoelbbgs Lobobs s m@o dmd@smdol badobbol dJmbg dgJob0bdgddo
Jo®gdol dowgds gbodangdganos  Fgdogogo @  godogogo  Gamagdols
d@9bgols dodo@m e gdols ggenols Jgogaow.

1. byodamems 6903989 d9dobobdgddo  gdsgogmo Gameools
JOdbo@mbol @AM sdsgomo  Gamao  dgodagds ogmlb  JOYEboGs,
dbOgg@o ob SO gdegl Jmd@omdsls 3g@Momeygao ashgmgodgdom.

12. 539 doggdgemos  9bogg@logry@o  domgds@ogyg®o  dmgeno  ©s
bmgoo  dowamds, dOFYgo s  LogdEomo  dgdobogydo Lol gdgdols
LAOYJBYO0l, 30bgdoGogn®@o  sbogobols s Lobmgbol 3Omdangdgdols

26



aoobolygg@oe. dgdmmsogabgdymo dgmmwogs odaggs dyo@d  Logyydggeols
3069358031900 5bogrobols sg@mds@oboioolsmgols.

13. ‘dgamogobgdoymo  domgdoGogyg®o  dmwgmgdol  9839]BO™MdS  ©
96039@Logny@mds, sa@gmgg  dgdmmsgsbgdygeo  sbogrobol  sdmzsbgdols
sdmblbols Igmmwogzol Y@yys®mods B oELgds Jmgeo @oao 3G5]E 0390
sdm3obgools sdmblibom.

14. Logolig@@sEom bo'd@mddo Fo®dmea 9boano S0 MO0 gdo
‘dglbodengdgaros dygomme  godmygbgdbym 0dbsl dmdsgom o dgd 9@ Yo
d9d560bdgd0l  ogBmIsAydo  3OmgJpodgdol  LobEgdgsdo  (CAMP)
3O Msdygmo YbOYbggeygmgzgols Laboo.

©obg@GSE00lL dodomswo Fobss@lio sLisbygmos Ygdwgy 37900353090 To:

1. b.boigeodgomo, 0.85(3045d8, a.ho@o0dg0e0. 939G a0
d9d560bdgdols doMds(3mgsbo V9o @ o gdols dgdo@gmdols
3oblobegds.  mgboigdol  gOgdgeo  82-9 oo Log@msdm@olm
bodg36090m  gmbgg@gbzos  mdomolo  Ggdboga®o  M60gg@lodgdo
2014.

2. Natsvlishvili Z., Batsikadze 1., Citaishvili G. DETERMENING THE
LOCATION FUNCTION OF SPHERICAL LEVER MECHANIZMS BY
USING THE COMPUTER TECHNIQUE TRANSPORT BRIDGE EUROPE-
ASIA Georian Technical Universiti 2014.

3. b.bogeodgogno, 0.65(303599, a-ho@oodgoano, &-bodyomady

30580390 dgmmweo  bggdyemo  dgobobdgdol  30bgdoBogzydo
Sbogobols o Lobmgbolomgol. ©g3mbo®gdol @sds@sliGy®gdgeo

Jo(dmds 6026 2014.

4. b.bogmodgoeo, 0.553035dg, 3HoBsodgoemo, b.330b6035dg. gmag
@00l bgsdodgdol  YO®ogOmgggmols  Fodol  goblobwgds
30580390 ©s  sbogmoby®o  dgmmEgdom.  FASbL3MOEH0 s
dobJobonddgbgdenmds mdognolio 2015.

5. b.bogmodgoero, 0.65(3035d9, 3-ho@o0dgoeno, 3653 0@5dy,
d.bygdydos. dgM390 9o dgdobobdgdols sbsgnobols ws Lobmgbols
odm356980L  aoofyg9do  3ma30Bgtgmo  Bgdbogol  asdmygbgdom
mdognobo 2015.

27



Summary

To transform the motion and transfer power in up-to-date engineering are applied
the various types of planar and spatial lever mechanisms. The planar mechanisms have
been thoroughly studied in terms of analysis, synthesis, systematization. The field of
application of spherical and spatial mechanisms is more and more expanding in almost
all fields of engineering. This can be explained by the fact that these mechanisms are
more accurately reproducing the stated position function, rather than a planar
transmission mechanisms system; they are more compact, simple and reliable in
operation, and in most cases gives the possibility to create convenient structures.

In recent years, together with four-bar and five-bar leverage mechanisms, a growing
recognition have also the three-bar mechanisms that major advantage is to perform of
spatial transfer with small dimensions of the mechanism and minimum number links.

Despite the compactness of these mechanisms, the definition of their links spatial
trajectories is relate4dd with complex calculations. Therefore, each work that simplifies
spatial object projective image and gives the possibility to carry out the reconstruction
with elementary constructions, which simplifies the analysis and synthesis of spherical
mechanisms, is highly topical.

For Engineers more clearly and accessible graphical constructs are widely distributed
in practice. From them mostly are used the construction in orthogonal projection
system, or accordingly of Monge method.

As result of lot of researches in this field are created many directions that gives the
possibility to CAD software in design works.

As obstructive for this mechanism’s practice related with more broadly
implementation would be nominated the lack of their practical, cost-effective and
simple research methods that could be used without any special training by ordinary
structural engineers. If four-bar, and sometimes multi-link mechanisms kinematic
research is conducted without any special effort, by Descriptive Geometry methods, for
spatial three-bar mechanisms, would be applied these methods.

By the application of Descriptive Geometry methods is available and convenient
the solution all the tasks. Results can be achieved through the application of various

methods. In some cases the certain way would be more simple. For solution of various
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kinematic problems certain method will be multiply used, so the great importance have
a selection of simpler and more rational ways.

In the presented work are considered the determining method of position functions
of plane and spatial mechanisms. For the solution of the analysis as well as synthesis
problems the determining of position function of the mechanism represents the basic
problem. Is offered for a variety of geometric figures visible on the surface of sphere
clear and less time-consuming approach for the tasks solution that gives the possibility
to easily and efficiently mechanisms determine the coordinates of individual points of
spherical mechanisms.

The solution of geometric nature modern technical problems in most cases is carried
out by analytical methods. Despite that at this time the results of the research will be
obtained by preliminary stated accuracy, it should be noted a number of advantages
characterizing the graphical methods.

Now the possibilities of modern computer hardware and software gives the
possibility grounded on new mathematical models to solve the arbitrary complexity
technical task and practically apply the arbitrary research method for mechanisms with
preliminary stated accuracy.

The offered in this work presented method promote to effectively apply the
Autodesk computer programs AutoCAD and Inventor's abilities, for the kinematic
analysis and synthesis of the lever mechanism that gives the possibility to designer to
observe interim solutions onto monitor. After the analysis of interim graphic designs
results, designers would intervene in the design process, reduce the obtained images
shape and structure up to the desired result. Also, at any stage of the working process
to modify model and also make changes in the project.

The aim of the presented work is to develop simple and obvious as well as acceptable
for engineering practices method moving mechanical systems by application of
Autodesk software AutoCAd and Inventor programs.

Due Autodesk Inventor on sketching stage is possible to study influence of the basic
parameters of mechanism changing as well as selection of the optimal kinematic
solution. Then on the design stage by addition of parametric constraints of the
mechanism constituent links to obtain a prototype of the mechanism. In this program
is quite easily set of 3D tools possible by them is possible to create three-dimensional
models and its inspection. All this reduces costs and allows for subsequent time. That

is why for researches we use the Autodesk Inventor.
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In the work is considered the planar hinged, as well as spatial (in particular, spherical)
mechanism assembly general methodological issues. For carrying out structural
kinematic analysis and synthesis are drawn up three-bar, four-bar, five-bar and high-
class hinged mechanisms appropriate algorithm using computer programs.

By our opinion developed building us computer models would play important role
in facilitating the design of spherical mechanisms and in their effective implementation
in various areas engineering.

In the work are considered the second, third, fourth, fifth and sixth class planar
four-bar, six-bar and eight-bar hinged mechanisms. Are developed their models
(prototypes) and by their means are defined trajectory and coordinates of some of them.

Also are developed spatial three-bar, four-bar, five-bar and six-bar mechanisms
and their models (prototypes) and by them are defined the trajectory and the coordinates
of some of them.

It should also be noted that some of them, especially high-class planar as well as

spatial mechanisms has not been yet studied.
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