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BCTYII

Meroto yuboBoro 3aBmaHHs 1o Temi «[IpoekuiiiHe KpecleHHS» €
PO3BHUTOK MPOCTOPOBOI YSIBM CTYAEHTIB 1 MpUIOaHHS HABHKIB (OPMYyBaHHS
MIPOCTOPOBOr0 00pa3y TeOMETPUYHUX T MO BHUIJISAY iX OPTOrOHAJIBHUX
TIPOEKIIiH.

VYcnimHe ¢GopMyBaHHS HAaBHKIB BIATBOPEHHS B YsBI y4HS o00pa3y
TEOMETPUYHOTr'O Tijla MOXKJIMBE TIPH BUKOHAHHI HACTYIHUX yMoB [1, 2].

1.  CryneHT NMOBHHEH YiTKO 3HATH 1 PO3YMITH MeXaHi3M (QOpMyBaHHS
OPTOTOHAIBFHUX MPOEKIiH TOYKU HA TPH TUIOLIMHH MPOEKITiH.

2.  CryneHT NOBMHEH 3HATH 1 PO3YMITH OCOOJHMBOCTI B3a€EMO3B'SI3KY
€JIEMEHTIB OCHOBHHMX BHIIB (TIPOEKIil), BUKOHAaHUX 0€3 KOOpAMHATHHX
BiceH.

3. CryneHT NOBMHEH yMITH BHKOHYBaTH MOOYJOBY TPbOX OCHOBHHX
BHJIiB T€OMETPUYHOTO TiJIa 32 HOrO HAOYHUM 300payKeHHSIM.

BincyTHICTE 3HAHBb | HABUKIB IO IEPEPaxXOBAHUM BHIIE IMO3UIIISAM, SK
MIPaBUIIO, HE IPUBOUTH /10 TIO3UTUBHUX PE3YJIbTATIB PO3BUTKY IPOCTOPOBOI
ySIBU 1, SIK HACTiJIOK, 3aCBOEHHsS Yy4YOOBOrO MaTepialy IO pO3JIiTy
«[IpoekuiliHe KpecIeHHs» IMOB'sI3aHe 3 TPYIHOIIAMH PO3YMiHHS KOHCTPYKIIT
T€OMETPUYHOTrO Tija.

Crip 3a3Ha4YMTH, 110 B TNEpeBaXkHIM OLTbIIOCTI Yy4OOBOI 1 METOIMYHOI
JITEpaTypu BIACYTHI PEKOMEHIAINT IMOJ0 METOMIB BHPINICHHS 3aBJaHb
MIPOEKLIHHOTO KPECIeHHs, HallPUKJIa/, 3a pIillIeHHsM 3aBJaHb Ha MOOYIOBY
TPETHOr0 BHIY I'€OMETPUYHHX a00 TEXHIYHUX [eTalleil 3a JABOMa TaHUMHU
BuaMu. B kpamioMy BUIIaKy CTY/IEHTOBI PEKOMEHYEThCS «YSIBUTH» (hopMy
JTAHOT'O TIPOCTOPOBOro 00'ekTy. Pasom 3 TiM, O3 HasIBHOCTI TICBHOTO JTIOCBiTY
YSIBUTH (POPMY MPOCTOPOBOrO 00'€KTYy MOKHA JIMIIE y BHKIIOYHO IPOCTHUX
BHIIQJIKaX, HAMpPUKIAA JIsS Kyiai abo mapaneneminena. Jlns BupinieHHS
CKJIQJHINIMX 3aBJaHb CTYIEHTOBI HEOOXiHO pEKOMEHIyBaTh Xod Ou
CHpsIMYBaHHSI PO3YMOBOT'O NPOILECY, B XOJi SKOr0 MO)XKHa Oyno O ckmactu
YSIBJICHHS TIPO BUTJIS/L JaHOTO TEOMETPUYHOTr'O Tija.

Y naHuMX METOAMYHHMX BKa3iBKax PpO3MISAAETHCS OIUMH 3 METOMIB
BUpILIEHHS 3aBJaHb MOOYJOBM TPETHOI IMPOEKIii IeOMETpUYHOro Tila 3a
JIBOMa 3aJIaHMMH, 10 JIO3BOJIMTH HAIpallloBaTH HABUKH (POPMYBaHHS B ysBi
CTyJICHTa 3aKiHYCHOT0 00pa3y OYyIb-IKOTO TEXHIYHOT'0 00'€KTY i, THM CaMUM,
PO3BHHYTH POCTOPOBY YSIBY, HEOOXIIHY sl iH)KEHepa.



1. 3arasbHi BifoMocTi npo MeTo BUpilIeHHS 3aBJaHb NO0YA0BH
TPeTHOro BUAY reOMEeTPUYHMX TiJI 32 IBOMA JAHUMHU
Jlo oxniei 3 mepmmx poOIT i3 CTBOPEHHS AITOPUTMIB MOOYIOBH
TEOMETPUYHOro 00pa3y MpPOCTOPOBHX OO0'€KTIB MO iX OpPTOrOHAJIBHUX
MIPOEKILISIX MOXKe OyTH 3apaxoBaHa poOOTa i3 CTBOPEHHS IIKIJIBHOI CHCTEMHU
«KUTEX»  aBTOMATH30BaHOTO  CTBOPCHHS  TPUBHMIPDHOTO  00pasy
npocTopoBoro o0'exry [3].

Posrmsinemo npuHImn podorn mkinbHOI cuctemu «k KUTEXK.

[Mep 3a Bce, B cucremi «k KUTEX» nouaTtkoBa rpadiyna inpopmaris s
JTAHOT'O 3aBJaHHS ()OPMYETHCS BiIIOBITHO IO HACTYITHUX MPHHITHUITIB.

1. Kpecnennk 00OB'SI3KOBO IOBHHEH HPEACTABISTH COOOI0 TPU BHUAM B
chCcTeMi  MpSMOKYTHHUX  Tpoekuiii (smop Momka, 10  BKIJIIOYae
TOPU30HTAJIbHY, (PPOHTAIIBHY 1 TPO(IIbHY MPOEKIT 00'€EKTY).

2. Ipoekuii MOXXYTh MICTHTH TUIBKU BiPI3KW NPSIMUX, KOJNa 1 JYyrd Kisl.
ITpu tpomy Bci JIiHII, HE3aJleXHO BiA 1X BUIUMOCTI, MarOThb OyTH OJIHOTO
THITY - CYLLJIbHI.

3. [Ipoekiii MOBUHHI MICTHTH TIJTBKU T€OMETPUYHY 1H(POPMAIIitO0.

4. Hisixi enemeHTH oQopMIIEHHS KpecieHuKa (Bici cuMerpii, po3mipH,
HAITMCH 1 T. 1.) HE BUKOPHCTOBYIOTBCSL.

5. OO'ekTH, BIAMITHOIO O3HAKOIO SIKHX € BEJHKHHA CTYIiHb CHMETpil
OJIHOYACHO BIJIHOCHO JIEKIIbKOX KOOPJMHATHUX Bicel HE PEKOMEHAYIOThCS
JUTsE pOOOTH 3 JaHOK MPOTPAMOK0, OCKIIBKM HASIBHICTH JIEKIIBKOX PillleHb
KapJIUHAIBHO 3015blIye 00'eM OOYHMCITIOBAJIBHUX OIEpalliif, y 3B'SI3Ky 3 UMM
TPUBAJIICTh OOYHCIICHB Pi3KO 3POCTAE.

6. JIBi ToukM, po3TamIoBaHi Ha PI3HUX IIPOEKIIsAX, BBAKAIOTHCI
3B'SI3aHUMH TPOEKIIHHO, SKII0 Y HUX 30iraloThcsi OHOWMEHHI KOOPANHATH.
@akr 30iry KOOpIMHAT TOYKH Ha PI3HUX MPOEKIisSX BU3HAYAETHCS B ITpOrpami
3a BEJIMYMHOIO KOOPJUHAT 3 YpaxyBaHHIM BEIWYMHH HETOYHOCTI MOOYI0BH
OPTOTOHAIBHHUX TPOEKIiH. SIKII0 TOYHICTh BHMKOHAHHS IPOEKHIH TOYKH
HeoCcTaTHs, TO ()aKT 3HAXO/PKEHHS IPOEKIIHHOrO 3B'SI3KYy MIX IaHUMHU
TOYKaMH OepeThest MiJl CYMHIB.



O0'eKT - 11e CYKYyIHICTh IpaHeil, KOKHa 3 SKUX € YaCTHHOIO IUIONIMHH,
mTiHapa abo konyca. [Ipy npoMy Bici IMITIHAPOBHX 1 KOHIYHUX TTOBEPXOHb
MaloTh OYyTH MapaJenbHi BiCSIM CHUCTEMH KOOpAWHAT.

TI'panp - e oxuH a00 JIEK1TbKA 3aMKHYTUX KOHTYPIB - ITUKIIIB 3 pedep.

Peopo - uie Binpi3ok mpsiMoi abo ayra kxona. [Dnomuna, B SIKili JeKaTh
pedpa - nyru, Mae OyTH MapajelbHOI KOOPAWHATHIA TUIOMIMHI 00'€KTY.
PeOpo BU3HAYaeThCs JABOMA TOYKAMU: KIiHIIMU pebep. 3a BU3HAYCHHIM
TBEPJIOr0 Tijla KOXHE peOpo IMOBHHHE BXOJWTU IO CKJIAaAy TUIBKA IBOX
rpaHe.

Bepwuna pebpa NOBUHHA CIIONTYYaTH B COO1 HE MeHIIE TPhoX pedep. s
TIepeBIpKU IIHOI'0 MOJIOKEHHS Mporpama aHalli3ye MaTpHLi 3'€THaHHS TOYOK
Ha BCIX TPHOX MPOEKINAX. 3a HASBHOCTI IMMIIHAPOBUX a00 KOHIYHHUX
TOBEPXOHb [UIsi BUKOHAHHS Ii€l BHMOI'M IporpamMa aBTOMAaTHYHO iX
JIOTIOBHIOE, pO30MBa€ 3aMKHYTI 3'€HAHHS JONOMIKHUMH (HapUCOBHMH)
pebpamu, sIKi BiIIOBIAAIOTH JiHISIM HApUCY IIUX ITOBEPXOHb HA MPOEKIisX.

Ha nepiomy erarti poGoTH nporpama repeBipsi€ BiIIOBiIHICTb rpadiqHOl
iHpopManii oOymMOBiIeHNUM BuIlle yMoBaM. KoMmmoHEHTH 00'eKTy (TOYKH,
peOpa, mwWKIM, TrpaHi) mporpama Oyaye moeTamHo. Y pa3i BUSBICHHS
TIOMHJIKM KOPUCTYBa4yeBi MJA€THCS MOMIIMBICTH OIJISIHYTH KOMIIOHEHTH,
1o0y10BaHi 10 MOMEHTY BHUSIBJICHHSI.

KpiMm Toro, koprcTyBad Ma€e MOXIIUBICTD JIICTATH JOCTYI IO TIPOMIXKHOT'O
CTaHy 00'€KTy, KOJIU MMOOYIOBaHI IIUKITH, e e He o0y J0BaHI IpaHi.

Skmo Bci  BHIIENepesideHi YMOBM YCIINIHO BHKOHAHI, Iporpama
TIpe/'siBIsie KOPUCTYBaueBi KapKacHy (IpOTSIHY) MOJENb IPOCTOPOBOTO
o0'exry. | nume micns mporo, 3 ypaxyBaHHSIM peKOMEHJAIliil KopucTyBaua,
nporpama IpUcTyIae 10 no0yI0BH IPOCTOPOBOro 00pa3y 00'eKTy.

Y3aranpHIOIOUH NPUBE/IEHY BHIIE iHPOpMaIifo, CPOopMyITIOEMO KOPOTKHIH
OITUC €TamiB BiNOYIOBH TPUBHMIPHOTO 300pa)K€HHSI 3a KpPECICHHKOM
OPTOTrOHAIEHUX MPOEKIIiH.

e  Amnani3yetbcs rpadivHa iH(GOpMAIlis 3 METOIO BHSIBIICHHS ITOMUJIOK i
(opMyBaHHS crielUiYHUX JaHUX PO KOXKHY 3 MTPOEKIIiH.



e  BinOynoByeTbest MOJOKEHHS TOYOK B HPOCTOPI MO TMPOEKIISIX IHX
T04OK. OCKIJIbKH BiJIOYOBYIOTECSI BCI JOMYCTHMi KOMOiHAIlil, TO Ha IIbOMY
eTari MOJKJIMBA M0s1Ba B 00'€KTi 3aBUX (IOMHIKOBHUX) TOYOK.

e  Buxonyerbcss moOynmoBa TpuUBUMIpHHX pebep. AHaT3yeThCs
3'€JJHAaHHS TOUOK Ha MPOEKIisX, BU3HAYAETHCS 3'€/IHAHHS TPUBUMIPHHUX TOYOK
B 00'ekTi. [3-32 HasBHOCTI MOMMJIKOBHX TOYOK B O0'€KTi, HA AaHOMY eTari
MOXIIUBA I10SIBA B HHOMY 3aiBHX (ITOMMIIKOBHX) pedep.

e  Buxonyerbcs moOymoBa UIHMKIIB - 3aMKHYTHX KOHTYpIB 3
TPUBUMIPHUX pebep, MO JiexaTrh Ha OonHil moBepxHi. OCKITBKH B 00'€KTI
MOXYTb OyTH TIOMHIJIKOBI pedpa, 11e MOXe MPU3BECTU JI0 MOSBU TOMHIKOBUX
LUKJTIB.

. BukoHyeThbCs aHANI3 MUKIIB 1 TOOymoBa TBepAoro Tia. Ha mpomy
eTari 3aBJaHHsA BUAANSE 3 00'€KTy MOMUIIKOBI TOYKH, peOpa i IMKIH, Tak,
00, 3 OJJHOTrO OOKY, KOKHE peOpOo HaJIeKaso PIBHO JBOM ITUKJIaM (O3HAKa
TBEPIOrO0 Tijla), a 3 IHMOro OOKy, MO0 O0O0'€KT BIANOBITAB BXiTHUM
npoekiisaM. [1oTiM 3 IUKITIB, IO 3aJTUIIAIKCS, 3a71a4s Oyaye rpaHi: "ckieroe"
[UKJIH, 10 JIeXKATh HA OJHIN TOBEPXHi; BU3HAYAE, YU € IMKJ 30BHIITHIMH
KOHTYpaMH rpaHi abo BXOZOM B OTBIip i T. II.

e  BuxoHyerbcs ampokcuMaris KpUBOJNIHIHHMX TpaHed 1 3ammc
pe3ynbrary Ha auck. Etamu 5 1 6 MOXyThb MOBTOpIOBATHCS KilbKa pasiB,
OCKUTBKM OJHMM 1 THM JK€ TPOEKISIM MOXYTh BIJIOBIaTH JEKibKa
KOPEKTHHUX 00'€KTIB.

IIle xoporimie eranyd BiJAHOBJIEHHS TPUBHUMIPHOTO  300paXKEHHS,
BUKOpHCTOBYBaHI B mKimeHIH cuctemi «KUTEX», ™oxyrs Oyrtn
c(OpMyIIbOBaHI TAKMM YHHOM.

e  3arampHMH aHaJi3 BXiJHOTO KpecieHnKa. Ha mpomy erarni 3aBaaHHs
nrykae rpy0i MOMHMJIKM B KPECIEHHMKY 1 BUAUILE 3 HbOro iH(opmamito mpo
KOXKHY 3 MPOEKIIiH.

e  BigHOBIEHHS TPUBUMIPHHUX TOYOK IO TOYKAX IPOEKIIIH.

. [Mo6ynoBa TpuBHMipHHUX pedep. AHaNI3yOUH 3'€THAHHS TOYOK Ha
MIPOEKIISX, 33/1a4a CIIOITyYae TPUBUMIPHI TOUKH B 00'€KTI.

e  [loOynoBa nuKIiB - 3aMKHYTHX KOHTYPIiB 3 TPUBUMIpHHX pebep, 110
JIeKaTh Ha OJHIN ITOBEPXHI.

e AmHani3 IMKIIB i HOOY/IOBA TBEPIOTO TiNA.

e  3ammc OTPUMAHOTO Pe3yNbTaTy.

2. AJIropuT™M BHpillleHHS 3aBJaHb NO0OYA0BH TPETHOI0 BUAY
reOMEeTPUYHHX TIJI 32 IBOMA 32/IaHUMH, 1110 IPONIOHY€E€THCS

JeranpHuii aHami3 aIrOpPUTMY TMOOYIOBH TI'E€OMETPHUYHOrO 00pasy
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MIPOCTOPOBHX 00'€KTIB IO IX OPTOrOHAJIBHUX MPOEKIisIX, BUKOPHCTOBYBAHHUN
B mkuteHIN cucremi «KUTEX», mnokasye, mo 3acTOCyBaHHS I[HOT'O
anroput™my (abo ¥oro okpemux (parMeHTiB) y HaBYaJbHOMY IIpoIeci 3
MeTor0 (OpMyBaHHS Y CTYIEHTIB NPOCTOPOBOI ySBU HEJOLIBHUN 3a
HACTYITHUMU NIPUIHHAMH.

1. Ilepm 3a Bce, B OCHOBY METOAY BiJHOBIIEHHSI ITPOCTOPOBOI'O 00pasy
TpuBuUMipHOro o0'ekty B mporpamHomy mpoxaykri KOMITIAC-OBPA3
TIOKJTaJICHU KoopAnHaTHUK Meron. lle o3Hauae, 1m0 y SIKOCTI OCHOBHOT'O
MOYaTKOBOI'0 MaTepiay mporpamMa BUKOPUCTOBYE MATPULIO A 3 KOOPJUHAT

BEpIUINH 00'€KTY, PECTABIICHY y BUIJISI:

a4 a3
ay; apxp Ay

An3 - >

2 2jp a3

|3nl an2 an3 |
a5 ap ap ap ap a4
4y ap a1 apn ayp  Axp

AL | A | A3 -
n2 ’ n2 ’ n2
a4 ap a;  ap app Ay
_anl an2_ _anl an3_ _an2 an3_
ze

n - KIJIBKICTh BEPILIMH IPOCTOPOBOTO 00'€KTY,

A - MaTpHIs KOOpAWHAT BepmMH 00'ekty B 3D
IPOCTOPI,

Al,,,A2,,, A3, - MaTpUIll KOOPJMHAT BepUIMH O0'€KTy, IO
BH3HAYAIOTh T'OPU3OHTAJbHY, (QPOHTAIBHY 1
npodinsay npoekuii KK,

4. —a - KoOpJWHATH X BEPUIMH 00'€KTY,

11~
- KOOpJWHATH Y BEpPILIMH 00'€KTY,

A~ 8y
- KOOpJIMHATH Z BEPIIHH 00'€KTY.

137 n3

[Tpn npoMy crodaTKy moTpiOHa HasBHICTH BCIX TPHOX HPOEKLiH, TOMY
3aBJaHHS BiNOYIOBH TPETHOI MPOEKIIl 3a JBOMa 33JaHMMHU B3arajii He
CTaBUTHCSL.



3a pesyabTaTaMu TPOBENEHHX OOYMCIIEHb BH3HAYAETHCS MAaTPHIL
CyMbKHOCTI M, .

Ci1 ©np ceo o Cqp

C21 C22 eee Czn

nn ..
Cii Cip S Cip

Coi Cpn2 - Cpp |

e KOXKEH €JIEMEHT .. MaTpuli M BigoOpakae HasBHICTH (BiJACYTHICTH
ij nn

pebpa Mix i-10 Ta j-10 BEpIIUHAMH 00'EKTY.

I3 3po3yminoi mnpuuMHM BCi JAiarOHaJbHI €JNEMEHTH ¢, MAaTpHIi
JIOPIiBHIOIOTh Hym0. EneMeHTH i-ro psaka Ta j-ro CTOBMHIS HaOyBaroTh
3HaveHHs “1” (“0” ) y pasi HasBHOCTI (BiACYTHICTH) peOpa MiX i-I0 Ta j-fO
BEpLIMHAMH O0'€KTY.

HeoOxinHicTh Benmukoro o0'eMy OOUMCIIOBAJIILHHUX OIepamniid, HOTpiOHMX
JUI BU3HA4YEeHHA MaTpuipbA, ;, Al,,A2.,,A3, , 1 BUCOKI BUMOIH JO
TOYHOCTI BUKOHAHHSI KPECIIEHNKA HE MOYKHA BBa)KATH 3 MPUHHATHI B yMOBaX
ayJUTOpHOI pOOOTH 31 CTYAEHTaMHU.

Pasom 3 TmM, Metonm, mpuiHATHIA B WKUTBHIA cucteMi «KUTEX»,
MICTUTh palliOHaJbHE 3€pHO B IUIAHI pIIIEHHS MOCTABIEHOI 3ajaadyi, IO
MoJIsIra€ B TIOOY/IOBI Ha MEPIIOMY €Tari BiATBOPEHHS MPOCTOPOBOrO 00pa3y
00'exTy #ioro xapkacHoi Mojelni rpadidyHUMHU 3acobaMu abo MPOrpaMHO 3a
JIOIIOMOT'OK0 MaTpuIb A 5 1 M, .

[puitHABIIM He PO3PaxyHKOBUH, a rpadidHUi KpeaTWBHBIM MiIXing IO
oOyIOBH KapKacHOi Moieni 00'€KTy 3a y4acTio KOpUCTyBaya MOXKHA, IepIll
3a BCE, y SIKOCTI IMOYAaTKOBIO MarTepianly BUKOPUCTOBYBATH HE TPH, a TIIBKH
JIBI OpTOroHaNbHI mpoekuii. [Ipy 1bOMY BUHHMKAa€ MOMIJIMBICTD BHUKIIOUUTH
HEOOXiTHICTh BHMKOpPUCTAaHHS OOUYHMCIIOBAJIILHUX OIEpaliif, 1 BiAKUHYTH
BHMOTY /IO TOYHOCTI BHKOHAaHHS KOMILJIEKCHOI'O KpeclieHWKa. BiamoBa Big
BAMOI' BHCOKOI TOYHOCTI BHKOHAHHS KpECJICHHMKa TPYHTYEThCS Ha
3aCTOCYBaHHI SIKICHOrO, a HE€ KUIBKICHOrO aHali3y BJIaCTHBOCTEH
JIOCITI/PKYBAHOTO ITPOCTOPOBOrO 00'ekTy. OTpUMYyBaHa NpH TaKOMY aHali3i
Ha/JMIipHICTh pebep abo rpaHel BiITBOPIOBAHOI KapKacHOI Moieni 00'eKTy He
€ HeJOJIKOM, a HaBIIPOTH, CIPUSE BIANIYKAHHIO DAY MOKIJIMBUX pillleHb
MOCTABJICHOI 3a1a4i.

PearnizoBaHuii TAKMM YHMHOM aJITOPUTM BiZIOYIOBH 00pa3y TPUBHMipPHOIO
Tija 3a IBOMa HOr0 OPTOrOHAIBHUMH TMPOEKIIISIMUA MOKe 3a0€e3IIeUnTH:

e  CTBOPEHHS HAyKOBO-OOIPYHTOBAHOI METOAMKH YUTAHHS KPECIECHUKA
3a IBOMa OpPTOTOHAJBHUMH NPOEKITISIMH;
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e  pO3pOOKYy KpeaTHMBHOW MpOrpaMd  KOMITIOTEPHOrO  aHajizy
OPTOTOHAIBHUX MPOEKIiH TPUBUMIPHHUX 00'€KTIB;

e  BHBYCHHS NPOEKLINHOr0 KpPECIEeHHsS 3 BUKOPUCTAHHSIM HECKJIaIHOI
METOIMKH MTOOYTOBH TPETHOI MPOEKIIii 00'€MHUX TiJT 32 IBOMA 3aJJaHUMU;

e  BHUKOPDHCTaHHS ITOPUTMY B HaBYAJIHHOMY HPOLECI Ui PO3BUTKY
MIPOCTOPOBOI ySIBU CTYZIEHTIB.

Ha mixcraBi mnpoBedeHMX JOCTIDKEHb IPOIOHYEThCS HACTYIMHUH
aJTOPUTM MOOYIOBU KapKacHOI MOJIEIi TPUBUMIPHOTO 00'€KTY.

V sixocTi mowyaTkoBoi iH(popMalii 11 BiATBOPEHHS 00pa3y TPUBUMIPHOTO
00'€eKTy BHKOPHCTOBYIOTBCS NBI OY/b-sIKi OPTOTOHANIBHI HPOEKIi 3 TPHOX
OCHOBHHX TMpOeKHili (rOpu3oHTaJbHOI, (pOHTAaNbHOI 1 mpodineHOI). s
MallMHOTO ~ aNropuTMy Oyzne moTpiOHO JABI 3  TphOX  MAaTpHIb
Al,,,A2,,,A3,,, a TaKOXX BIANOBiAHI UM JBOM MAaTpHuIAM Moxudikarii
Matpuii M, .

IMpu rpacdivynomy Meroni pilIeHHS NOCTaBJIEHOI 3ajadi Bci MOOYJOBH
KapKacHOI Mopieli 00'€eKTy NMpOBOASATHCS Ha KPECICHHKY, MOOyJOBaHOMY Yy
BUTJISIII AKCOHOMETPUYHOTO 300pa)keHHsS. AKCOHOMETpUYHE 300pakKeHHs
00'exTy OymyeThcsi B 00'€eMi mpoCTOpy, OOMEKEHOMY TpaHAMHU 0a30BOTO
napaneneninena. JIBi 3ajaHi OpPTOrOHaNbHI TMPOEKIii BU3HAYAIOTH TPH
rabaputHi po3Mipu 60a30BOro mapaseserinesa, B TiIl SKOTo rependadaeThes
MIPOBECTH MOOYIOBY JOCIIIXKYBAHOTO ITIPOCTOPOBOTO O0'€EKTY.

[Ipn npoMy TOUHICTP BUKOHAaHHS aKCOHOMETPHUYHOTO 300pa’keHHS HE €
KPUTHYHOIO IO BiJIHOIICHHIO JIO MPABWIBHOCTI BiAOYIOBH IMPOCTOPOBOTO
00pa3y 00'eKTy i HOro NIYKaHOI TPEThOi OPTOrOHAIBLHOI MPOECKIIii.

Juns  crBOpeHHs Kapkaca 00'€KTy BHKOPHUCTOBYETHCS  JOIOMiXKHA
IUTOLIMHA TIPUBATHOTO IOJOKEHHS, 110 PO3TAIIOBYETHCS NEBHUM YHHOM B
0azoBomy mapanenemineai. Crnocié po3TanryBaHHsS JOMOMIXHOI TUTONHHA
MIPUBATHOTO ITOJIOXKEHHS TOBHICTIO BH3HAYAETHCS BUIVISIOM JIBOX 3aJlaHUX
OPTOTOHAIBHHUX MpOeKLild 00'ekTy. Hailbinpln mnepeBa)kHe BHKOPUCTAHHS
IUTOLIMH TIPUBATHOTO MOJIOKEHHS HE TapajeibHUX IUIOMIMHI MPOEKIid, B
SKii po3TalloBaHa BiACYTHS OpPTOrOHajJbHA mpoekuis. Hampukman, npu
3amaHuX (POHTANBHIA 1 TPO(DITBHIA NPOEKIisIX 00'€KTy PEKOMEHIYETHCS
(ipu Harofi) yHHKAaTH BUKOPHUCTAHHS IUTOLIMHH TOPU3OHTAIBHOrO piBHS. L5
pPEKOMEHALlisl BUTIKAE 3 BiJIOMOIrO ITOJIOKEHHS IO Te, IO 3a BiJCYyTHOCTI
iH/IeKcallii BepIINH JiHIH PiBHS, Cy/DKEHHS IIPO IX B3a€MHE MOJIOKEHHS MOXe
Oyru 3poOJyieHe TUNBKM Ha MiJACTaBi aHami3y Tiel mpoekuii, SKid mi mpsMi
napanenbHi. Y JaHOMY JK BHNAAKY ISl TPETsl MPOEKIsl BIACYTHS 3TiIHO
3aBJIaHHSI.

JIinii, m10 BU3HAYAIOTH JONOMDKHI IUIOMIMHKA MPUBATHOTO TOJIOXKEHHS, a
TAKOX JIHII TepeTMHy IMX JONOMDKHUX IUIOIIMH HAaHOCATHCS HA
aKCOHOMETPUYHHUI KPECIEHUK Y BUTJIS/II TOHKUX KOJIbOPOBUX JIIHIH.



[licns HaHeceHHs BCIX JIOMOMDKHHUX JIiHIA YTBOPIOETHCS KapKacHa
MOJIEJIb, B SIKiil ydUeHb OBUHEH po3itizHaTh 3D 300paskeHHs 0CIiHKYBaHOTO
mpocTopoBoro 00'ekty. [Ipu 1bOMY CITiJT MATH Ha yBa3i, IO Y PsJIi BUITAIKIB
pilleHHS HEe € €IuHMM. B oMy BHMNAAKy ciijg BUOpaTH HaHOiIbII
TepeBaYKHUIM BapiaHT pimieHHs abo, y pasi nmoTpedH, 3adikcyBaTH KOXHE 3
HUX.

3. LmrocTpanii 3anponoHoBaHol MeTOMKH HA MPOCTHX MPUKJIaAax

VY sKocTi UTIOCTpAIlii 3ampOITOHOBAHOI METOMUKH PO3TISTHEMO OCHOBHI
eTaru moOyI0BH BiZ0OYIOBH MPOCTOPOBOro 00pa3y 00'ekTy i moOymIOBY HOro
TPETHOI MPOEKIIii Ha MPUKIIA/ JBOX MPOCTUX 3aBaHb.

Hpuxaan 1.

3anaHo 2 TIPOEKII |
reoMeTpuyHoOro Tina (puc. 1).

BigrBoputu 3D 300paxeHHS
LBOrO  TEOMETPHUYHOro  Tija,
noOymyBaTH Horo 3-10 MPOEKIIito.
Bkazatm  MOXJIMBI  BapiaHTH
pileHHs miel 3amayi. Puc. 1. VmoBa 3ana4i

[puctynaeMo 10 BUKOHAHHS IEPIIOrO €Taly PIlIeHHsS — M00YIOBH
kapkaca o00'ekty. Jlims 1mporo OyayeMo HaoyHe 300pakeHHS 0a30BOTO
napaserneninesna. 3riHO YMOBH 3ajadi (puc. 1) mmpuHa, BUCOTa i ITHOMHA
6azoBoro mapasenemninena piBHI, TOOTO Leil mnapaneneminen y TaHOMY
BHIIAKY € KyooMm. Kapkac 6a3oBoro xyba y BUTIISII HAOYHOTO 300paXKeHHS
HaBeJIeHUH Ha puc.2a.

a 0 B
Puc. 2. Eranu moOynoBu kapkaca 00'ekTy
a — kapkac 6a30Boro kyba; 0 — BBE/ICHHSI JJOIIOMI>KHHX IIOIINH TPUBATHOTO
TIOJIOXKEHHS; B — peOpa Kapkaca, BAKOPHCTOBYBaHi Juis BinOymoBu 3D 00'exty
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Ockinbku ¢poHTaNbHA 1 npodiiabHA Mpoeknii 00'€KTy MpeacTaBieHi y
BUIJIAZI TOPOXKHIX KBAJAPAaTiB, JOMOMDXKHI IUIONIMHUA IPOBOJUTHMEMO
OesmocepenHbO Yepe3 TrpaHi KyOa. BilmoBimHO 10 HaBEICHUX BUIIE
MIpKyBaHb, Y SIKOCTI JONOMDKHHMX IUIOIIMH IIPUBATHOTO IOJOXKEHHS
Bi3bMEMO IUIOMMHN NpodinpHOro piBHA © 1 Q Ta IUIONMHU (POHTAIBHOIO
piBHs X u A (puc. 20).

JIinii meperuny mionmH O i Q 3 WIoNMHAMA X 1 A, BUAIICHI TOBCTUMU
JmiHisIMA Ha 0azoBoMy KyOi (puc. 2B), € OCHOBHUMH peOpamu Kapkaca
00'€KTy, BHUKOPHCTOBYIOYM SIKi YacCTKOBO a00 TIOBHICTIO MOXe OyTh
CKJIaIeHU OCTaTOYHUI KpECIIeHUK Kapkaca BiJITBOPIOBAHOT'O
T€OMETPUYHOTrO Tija.

3aBeprieHHs PoOOOTH Haa KapkacoM OO'€KTy BHMAara€ BiJ] CTYJCHTa
OJTHOUACHOTO PO3TJISLY JBOX 3aJaHHX MPOEKIH 1 MONepeaHboro KpecieHnKa
KapkacHOI Mogeni o0'ekty (puc. 2B). 3aBIaHHS CTYJACHTA IOJSATaE B
3aBepIICHHI POOOTH HaJ KapKacoM O0'€KTY HUITXOM 00'€JHAHHS BHOpPaHUX
CTy/IeHTOM pebep IolepesHboi KapkKacHoi Mojeni 00'€KTy HasBHUMH
peOpamu, abo peOpaMu, 3HOB BBEICHUMH CTYICHTOM JUIS JOCSTHEHHS
BIJIMOBITHOCTI KapKacHOI MOJIEITi 3aJaHUM OPTOTOHAJIEHUM TpoekiisM. e
eran poOOTH € HalOIIbII BaXXJTUBHM, BIH BHMAara€ Bijl CTyJEHTa TBOPYOTO
MAXO0/My, BHMAara€ BKJIIOUEHHS MPOCTOPOBOI YSBH, CIpHUSE aKTUBHOMY
PO3BUTKY OCTaHHBOTO.

Ha pucynkax 3 a, 0, B, T, T IpUBENICHI BapiaHTH 3aBEPIICHUX KPECICHHUKIB
PI3HUX BapiaHTIB KapKacHOI MOJEJi T€OMETPUYHOrO Tijla, BAKOHAHHUX Ha 0a3i
MONIEPEHHOr0  KpPECIICHUKAa KapKacHOI Momenm o0'ekty (puc. 2B) 3
ypaxyBaHHSM 33JaHUX OPTOrOHAIBHUX MpoeKii (puc. 1).

] -

a o B r I

Puc. 3. BapianTu 3aBepIeHHX KPECICHUKIB KapKacHOI MOJiei 00'eKTy

BukopucroBytoun oTprMaHi KapKacHi MOJiesi 00'€KTY JIETKO MOOYyayBaTH
3D - 300pakeHHS NIYKAHOT'O T€OMETPHYHOro Tina. JJis IbOro MmOTpiOHO
JUIIe BHWIAJUTH HEBUKOpPHCTaHI peOpa KapkacHOI Momeni i, mpu
HEOOXITHOCTI, MO3HAYUTH BUAUMICTB JiHiil Ha 3D — 300pakeHH] 00'€KTy.
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Ha pucynkax 4 a, 6, B, T, 1 HaBe/IeHI pi3Hi BapiaHTH F€OMETPUYHHX TiJ,
KOXKHE 3 SIKUX BiIIOBiJia€ YMOBI 3a/1a4i, MpHUBe/IeHil Ha puc. 1.

BukopucroBytoun orprMaHi Ha puc. 4 BapiaHTH HaOYHOTO 300pa’keHHS
ITYKAHOT'O 00'EKTY JIETKO MOOYAYBAaTH HOTO OpaKyr4y rOPpU30HTAIBHY TPETIO

TIPOEKIIIIO.

Ha pucynky 5 HaBeneHi TrOpH30HTANbHI MPOEKIT BCIX I'STH BapiaHTIB

pileHHs miel 3axayi.

a 0

U=

pat

Puc. 4. Bapiant Ha0o4HOTO 300pa’keHHS ITyKaHOTO T€OMETPHIHOTO Tijla

a 0 B r

pat

Puc. 5. BapianTi ropH30HTaIBHUX MPOEKIIIH IIYKaHOT0 T€OMETPUYHOTO Tija

Hpuxaan 2.
3amano 2 MpoeKIlii reoMeTpuyHOro Tijia (puc.6).

BinTBoputu 3D 300pakeHHS IILOT'O
TEOMETPUYHOIO TiJIa, TOOYIyBaTh HOro 3-y MPOEKIIiFo.
Bkazati MOXITMBI BapiaHTH pillIeHHS 1Ii€i 3a1a4i.

[puctynmaeMo [0 BHKOHAHHS MEPUIOrO eTamy
pilleHHsT — CTBOpeHHs Kapkaca o00'ekrty. ysi mporo
Ooymyemo HAOYHE 300paskeHHS 0a3oBoro
napasneneninena. OcKijgbKH 3TiHO YMOBH 3aja4i (puc.
6) mupuHa, BHCOTa 1 INIMOMHA TeOMETPUYHOrO Tijla
piBHI, To 0a30BMii mapanenerminen € Kyoom. Haoune
300pakeHHs 1[bOro Kyba HaBeJleHe Ha pHc. 7a.

12
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I[lo amamorii 3 pimeHHsM 3ama4di |  JOMOMIXKHI  IUTONIHHU
MIPOBOIMTUMEMO Oe3MOCepeIHFO Yepe3 IpaHi Kyba. Y SKOCTI JOMOMIKHUX
IUTONIUH MPUBATHOT'O MTOJIOKEHHS MPUHMEMO TUTOIIUHY (DPOHTATHHOTO PiBHS
©® i Q) Ta IWIONIMHYU TOPU3OHTAIEHOTO PiBHA X 1 A (puc. 70).

o
N

a 0 B

Puc. 7. [loOynoBa kapkaca 00'eKTy
a — kapkac 6a30BOro kyba; 0 — BBE/ICHHSI JJOTIOMI>KHHX TIIOIINH TPUBATHOTO
TIOJIOXKEHHS; B — peOpa Kapkaca, BAKOPHCTOBYBaHi Juis BinOynoBu 3D 00'exty

JIinii meperuny mionmH O i Q 3 WIoNMHAMA X 1 A, BUAIICHI TOBCTHMU
JmiHisiMA Ha OGa3oBoMy KyOi (puc. 7B), € CTBOPIOIOYMMHU MOMNEPETHHOTO
KpeCJIeHNKa KapKacHOI MoJielti 00'eKTy.

Ha xpecnenmkax prcyHka 8 HaBe/leHI BapiaHTH KapKacHMX Mojeie i
HAOYHHX 300paKeHb, 1110 33I0BOJILHAIOTH YMOBI 3a1adi 2 (puc. 6).

Puc. 8. BapianTi kapkacHUX Mozenel i HaOYHMX 300paXkeHb 00'eKTy
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[ToObynoBaHi 3a HAaOYHMMH 300pa’KEHHSIMH, HaBEJEHUMH Ha pHC. 8,
BapiaHTH NPO(MITHHUX NPOEKIiH IIyKaHOrO TE€OMETPUYHOTrO Tijla IOKa3aHi Ha

NS

Puc. 9. Bapiauti npodibHUX MPOEKIii MIyKaHOT0 00'€KTY

4. LmrocTpanisa MoKJIMBOCTel NMPONOHOBAHOI0 AJTOPUTMY HA MPUKJIAAX
BUpIIICHHSA 3aBJAaHb Pi3HOI CKIagHOCTI

3amaua 3.

3anano 2 npoekirii reomerpuyHoro tina (puc. 10). [TooymyBatu #ioro 3-1o
TIPOEKIIIIO.

[MobynoBy npodinpHOi npoekii (Buy 31iBa)
JITAHOTO T€OMETPUYHOT'O Tijia, OyI1eMO NPOBOIUTH
LIJISIXOM BiAOY/IOBY HAOYHOTO 300pakeHHS Mi€l

¢irypu.

CrHoyaTKy HakpeciuMmo Kapkac 0a30Boro
Ky0a JTaHOT0 TeOMeTpHYHOro Tina (puc.11a).

Ha ¢ponranpshiii npoexnii gaHoro o0'ekty
OKpIM 30BHINIHKOIO KOHTypa (KBampatra abo
MPSIMOKYTHUKA) € TPOEKIli TOPH3O0HTAIBHOI
JTiHii, abo miHii, 0 3HAXOAUTHCS B IUIOLIMHI
TOPU30HTAIBHOTO piBHA. 1[eif BUCHOBOK BUTIKa€e

3 TOr0, IO BCi TOYKH i€l MPsAMOI 3HAXOIATHCS

Ha OJTHAKOBIN BiJICTaHI BiJ JiHIT
ropu3oHTy. BiqmiTiMo MOJIOXKEHHS i€l
TUTOLIMHY piBHS B 6a30BoMYy KyOi (puc. 110). Puc. 10. Ymosa 3anaui

Ha ropu3oHTanpHii TpoekIii JiHIS B HEHTpl KBajapara € JiiHieo abo
JIHIAMY, PO3TAIIOBAHUMH B 00'€KTi B IUIONIMHI (PPOHTAIBHOTO PiBHS (pHC.
118). Croiyuusmm pucynku 116 1 118, orpumaemo kapkacHy Monens (pHc
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11r) mepenbavyBaHOTO T€OMETPUYHOTO TiJIa.
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Puc.11. Etanm noOynoBY KapKacHOT MOJIENI MMPOCTOPOBOTO 00'€KTY:

a - 6a3oBMii Ky0; O - IUIOIMHA TOPU3OHTAIBHOTO PiBHA B 6a30BOMY KYOi, III0 MiCTUTB
TIpsIMi, BioOpaskeHi cepeTHbOI0 JIiHI€I0 Ha (YPOHTAIBHIH NMPOEKIii; B - IJIONIIHA
(pOHTAIBHOTO PiBHS, IO MiCTHTH NPsIMI, BiJOOpaXkeHi cepeHBOIO JIHI€I0 Ha
TOPU30HTANBHIN MPOEKIIii; T - KPECIEeHHK, OTPIMaHNH TOEAHAHHIM

pucyskiB 1161 11B.

[leperBoprMO cHONyueHHH KpPECIEHHWK B KapKac reOMETPUYHOro Tijia
(puc. 12) muisxoMm NpoBeAeHHS JIiHIT NepeTHHY ABOX JOMOMIKHHX TUIOMIMH 1
BHJIJICHHSI TOBCTUMU JIiHiIMU pedep Kapkaca.

T

Puc. 12. 3aBeprenuii kapkac MOfieIi IPOCTOPOBOTO 00'€EKTY

KomOiHyroun BWIIICHI HUTKM KapKaca, i 3a0e3MeUylodYd MPH I[bOMY
BIJIMOBITHICTh YMOBi, HaBENCHIM Ha puC. 12, MOXHA OTPUMATH IUTHH DS
pIlICHs Y BUDISAI HAOYHUX 300pa)KeHb MPOCTOPOBHX 00'ekTiB (puc. 13).
OTpuMaHi TakuM YWHOM HaO4HI 300pa)keHHS O3BOJSIOTH 0€3 3yCHib
MoOyyBaTH TPETIO MTPOEKIIiI0 TEOMETPUYHOrO Tina (puc. 13B).
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a 6 B
Puc. 13. Bapianru pimenns 3amadqi 3

a — JIesIKi BapiaHTH TeOMETPUYHMX TiJ B 6a30BOMY KyOi; 6 — Ha04Hi 300paskeHHS
TE€OMETPHYHUX TLIT; B — MPOMLTEHI MPOEKIIii TeOMETPUIHIX TiJT
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3amaua 4.
3amano 2 MpoeKIlii reoMeTpuaHOoro Tina (puc. 14).

[TobynyBatu iioro 3-y npoekuito (rOpU30HTAIBHY).

Puc. 14. YmoBa 3agaui.

JloTpUMYyrOUHCh BUILE BHKJIAJCHOMY AITOPUTMY, MPOBEIEMO IMOOYIO0BY
6a30BOro napasenerninesa i JOMOMKHHUX IUIOIIMH ITPUBATHOTO IOJOXKEHHS,
10 BU3HAYAIOTHCS 3aJaHUMHU MPOCKIisMU 00'ekTy (puc. 15).

a 0 y
Puc. 15. Etanu noGymoBu kKapkacHOI MOJETI IPOCTOPOBOTO 00'€KTy
a — 6a30BMif Mapasenernines; 6 — JOMOMIKHI IUIOIIMHHU PiBHS B 0a30BOMY
Tapaseserninesi, o BifoOpakaloTh JIiHii Ha (GPOHTABHIN MIPOEKIIiT; B — TOMOMIXHI

IUTOIIMHY B 6a30BOMY Mapaienertine]i, o BigoOpakaroTs JiHii Ha mpodinbHii
MIPOCKIIi{
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CrionmyunBim kpeciieHukn 15a i 156 1 noOymyBaBmim JiiHIT B3a€MHOIO
TIepeTHHY JOMOMIKHHUX IUIOMIMH, OTPUMA€EMO KpecieHuK 16a.

Ha xpecnennky 160 BuaineHi 4epBOHMM KOJBLOPOM HHTKH Kapkaca, IO
BIiJINIOB1IAIOTh YMOBI 3aja4i Ha puc. 14.

Bupanueum HenoTpiOHi JiHIT, OTpEMaeMO HaouHe 300pa)keHHSI 00'€KTy
(puc. 16B) i 3 HOro JOMOMOrOI — TOPHU3OHTAIBHY MPOCKIIO IIYKAHOTO
reoOMeTpUYHOro Tija (puc. 16r).

T
= ¥ i = F f
5 il & it -‘
a 3] B r

Puc. 16. KapkacHa Moens 00'eKTy i pe3ynbTaT pilleHHs 3a1adi

a — ToeTHAHHS KpeclieHb 156 1 15B; 0 — BUIUICHHS HUTOK KapKaca, 10 BiIMOBial0Th
YMOBI 3aj1adi; B — HAOUHE 300paXEHHS 00'€KTY; T — TOPH30HTAIBHA MIPOSKITist
TEOMETPHYHOTO Tijia

3amaua 5.

3amano 2 mpoeknii reomerpuunoro Ttina (puc. 17). IloOynysatu #oro
TOPU30HTAILHY TPOCKIIIFO.

Puc. 17. YmoBa 3agaui.
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[MocmiToBHICTE eTamiB PilllcHHS Ii€l 3a/adi HIYUM HE BiJPI3HAETHCS BiX

BUpILIEHHS IONepe/iHiX 3aBaaHb. Croyarky B 0a30BOMY Iapajenemninesai
Oy/yeThCsl KapKacHa MOJIeNb, 10 BKITIOYAE JOMOMIXKHI IUIOIIUHU PUBATHOTO

TIOJIO’KEHH 1 JTiHiT iX nepetuny (eranu a, O, B i r Ha puc. 18).

N =
NS T
/

0

Al

B

r
Puc 18. Eranm noOynoBu kapkacHOI MOJIelt:

a — Ga3oBMif Mapanenerninesn; 0, B — pO3IUIbHI HUTKH KapKaca; T - CyMIIIeHHH KapKac

[Ticns mpoOro, Ha KpecieHWK OTPUMAHOI KapKacHOi MOJENi KOJIbOPOBHM

OJIIBIIEM HAHOCATh HUTKHM Kapkaca (puc. 19a), mo BiJINOBifAlOTH yMOBI
3ajaui, HaBezeHii Ha puc. 17.

Otpumanunii Ha puc. 19a KpecieHHK [03Boise moOyayBaTH o00pa3
mpoctopoBoro o0'ekty (puc. 196). IloOymoBane Hao4yHEe 300paKCHHS

T€OMETPUYHOTIO Tijla 1a€ MOBHY 1H(OPMAIIIIO JJIsl BUKPECTIOBAHHS ITOTPiOHOT
3a YMOBOIO 3aBJJaHHS TOPU30HTAJIBLHOI NPOEKIii 00'ekTy (puc. 19B).

NN

RN

0

B
Puc. 19. KapkacHa Monens 00'eKTy 1 pe3ysbTaT pilleHHs 3aaadi

a — KapKac Mofieni; 6 — HaogHe 300pakeHHs 00 '€KTY;

B - IIyKaHa TOPH30HTAJIBHA TTPOEKILisT
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3amaua 6.

3amani 2 npoekuii reomerpuuHoro Tina (puc. 20). ITobyamyBatu #oro
poibHY MPOEKIIiIO.

e
[

Puc. 20. YmoBa 3amaui

Ha pucynkax 2la, 216 i 21B HaBemeHi eranu BimOyqoBH 00pasy
TEOMETPUYHOIO Tijia 3a IBOMA HOro OPTOrOHATIBHUMU TPOEKITiSIMH.

[lykana npodinbHa NPOeKIisi TeOMETPHUYHOrO Tifa (puc.22) OymyeTbes
3a JIOIOMOT00 OTPUMAHOI'0 Ha MaJIIOHKY 2 1B HA0YHOr0 300pakKEeHHSI.

N N\ \ N

a 0 B

Puc. 21. Etamu BinOymoBu 00pa3y reOMETPUIHOTO TiJia

a - CyMiIeHHI KpeCIeHNK JOMOMIKHUX IUIOIMH B 6a30BOMY Hapajenerminesni; 6 -
KapKacHa MOJIENb 00'eKTY; B - HAOUHE 300pa’KeHHS 00'eKTy
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Puc. 22. lllykana npodisbHa MPOEKIIisi TEOMETPUIHOTO Tijla

5. BapianTu 3aBiannb

v X MCTOAUYHHUX BKa3iBKax MPOMOHYIOTHCA JIBa KOMIUJICKTU 3aBAdHb.

[epmmii xommiekr 3aBmanb (30 BapianTiB 3aBmanb, J[lomatok 1)
NpU3HAYEHUH U1 poOOTH Ha TPAKTHYHUX 3aHATTSIX 3 MOJAJIBIINM
BHKOHAHHSM KpecIeHUKa Ha gopmaTi A3.

Hpyruii xomiiekT 3aBrmanb (30 BapiaHTIB 3aBjaHh N0 3 3aBOaHHSA B
KO)KHOMY, /lomaTok 2) Moxke OyTH BUKOPHCTaHUH K KOHTPOJIb Ha JIEKIIHUX
200 MPAKTUYHUX 3aHATTSIX, & TAKOXK SIK IOMAIIIHI iHWBITyaJIbHI 3aBIaHHS.

Crijy 3a3HaYUTH, TI0 B OLIBIIOCTI BUMAIKIB KOHTPOJIb 3HAHB CHOYATKY
TECTyBaHHS HE Ja€ CTYIEHTOBI TOUYHY IiH(OpMAII0 ITIPO Te, CKIIBKH
MIPABWIBHUX BiAMOBIIEH 3a0e3meunTh Ty a00 1HITy ITO3UTHBHY OIiHKY. Lle He
JTO3BOJISIE CTY/ICHTOBI MPABWJIBHO CIIBBIJTHECTH 3aIllPOIIOHOBAHI MUTAHHS a00
3aBJaHHS 1O PiBHA CBOIX 3HaHb 1 pAIliOHAJEHO PO3MOIUIMTH Yac Ha
BUpILIEHHS THX IHTaHb, SKi BiANOBIJAIOTH PIBHIO 3HAaHb, IO € y HHOTO.
YacTto npu IpoBeNeHHI KOHTPOJIO 3HaHb CTYAEHT OepeThcs 3a mepuie i3
3aIpONOHOBAHUX 3aBJaHb 1, y BUIIAJKY HEIOCTATHHO IIOBHUX 3HAHb IO TEMI,
BUTpada€e Ha pilIeHHs IIi€i 3aja4yi NpakTHYHO BECh Yac, BiJBEJCHE Ha
TECTyBaHHSL.

Lleit HeZOMIK yCyBaeThCsl B TOMY BUIAJKY, SKIIO CTYJACHTOBI Ha MOYATKY
MEepeBipKHA 3HAHb 3ampONOHYBATH JEKiIbKa 3aBJaHb i YiTKO BH3HAYHUTH,
NIpaBWIIbHE BUPILIEHHS SIKUX IUTaHb OyJe OLIHEHO 3aJI0BIJIEHOI0, XOPOIIO0
abo BIZIMIHHOIO OIIIHKOIO. Y TakoMy pa3i CTyJeHT Oyne BHUMYIIEHHH cam
MIPOBECTH O0'€KTHBHY OLIHKY CBOiX 3HaHb B JaHiil oOmacrti. [Ipu mpomy,
NPUPOMIHBO, BHKITIOYAETBCS CaMa MOXJIIMBICTh IOSBH MpPETEH3iit 1o
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BHKJIaJa4ya 3 MPUBOJLy HEAOCTATHHO BHCOKOI OIIHKW 3HaHb CTy/AeHTa. Takui
BHOip MMOBIpHOI OIIIHKM MOXKHA pO3MIISAATH SK CBOEPITHE BXiJTHE
TICUXOJIOTIYHE  TECTyBaHHS  mepen  MaHOyTHIM  KOHTpPOJEM  3HaHb.
HeoOxinHicTs BHOOpY OIIHKK NPUMYIIYE CTYJEHTa YECHO MPU3HATHUCS COOI,
«4oro BiH KOIITYE» 1, MOXIIHMBO, IIEPEIJISIHYTH CBOE BiJHOIIEHHS M0
MIPE/IMETY, 110 BUBYAETHCS.

JlocmimKeHHsT MTOKa3aiy, 110 B OULTBIIOCTI BWITAJIKIB CTYIEHT BHOHWpae
ITOPUTM “IITaHTicTa” HE3aJEXKHO BiJl PIBHS MiATOTOBKH: CIIOYATKY CTYICHT
BHUPIIIy€e BIJHOCHO JIETKi 3aBJaHHs, 110 3a0e3MeYyloTh rapaHTOBaHY OIIHKY
(3amoBibHO a00 m00pe) 1 TIABKU TOAI TEPEXOMUTHh JIO BIANOBiJCH Ha
HaMCKITa HIII TUTaHHS.

Buxiageni MipkyBaHHs IMOKJaJieHI B OCHOBY IIPH CKJIaJaHHI BapiaHTIB
3apmaHHs ([lomatok 2), sKi MO)KHa BHUKOPHCTOBYBAaTH ISl TECTYBaHHS
CTY/ICHTIB Ha JIEKLisX a00 NPAaKTHYHUX 3aHATTSX.

6. OopMmiieHHSI KpecJIeHNKA
3aBmanHss mno TeMi «lIpoekuiliHe KpecieHHs», NpU3HAuYeHi JuIs
JIOMAIIHBOi pOOOTH, BUKOHYIOTHCS Ha JiucTax Gopmaty A3. OcHOBHHMI Hanmc
pO3TalIOBYIOTh B TIpaBiii HWKHINM vactuHi (opmary. Y mpaBiii BepxHii
YacTHHI popMaTy KpeciaTh (a0 MPUKICIOIOTH) YMOBY 3aadi.

Juns mepmioro komIuiekty 3aBaaHb ([omatok 1) Ha KpecieHWKy
HEOOXiTHO BUKOHATHM TPH IIPOEKIii BKAa3aHOIO TE€OMETPHUYHOrO Tila B
JIOBIJIBHOMY MacmiTadi 3 JOTPUMAaHHSIM MPOIOPLil BiANOBIHO 70 BapiaHTy.
3pa3ok BHWKOHaHHA 3aBJaHHsA | mpencraBneHudi Ha puc. 23. Y pasi
BUHHMKHEHHSI NMPOOJEMH MO0 PO3YMIHHS KOHCTPYKII 3arpOrOHOBAHOTO
T€OMETPUYHOTr'O Tijia, 0 METOJMYHNX BKa31BOK JONAIOTHCS BiZieo (hparMeHTH
3 JIEMOHCTpAIisIMM TPUBUMIpHUX MeeNiel 1uX aertanei (Ha3Ba Bizneo daiiry
BiJINIOBi/1a€ BapiaHTy T€OMETPUIHOTO TiJIa).

s npyroro KoMIutekTy 3aBaanb ([lonaTok 2) Ha KpecIeHnKY HeoOXiIHO
BUKOHATH TPH TIPOEKLii oOpaHOro reoMeTpuuHoro Tima (3 3-X
3alpOIIOHOBAHMX) B 3aJIEKHOCTI Bij OLIHKH, Ha SIKY PO3PaxOBYE CTYAEHT,
OLIHMBIIMA CAaMOCTIMHO CBOI 3HAHHS 3 BKa3aHOI TEMHU BIAMOBIZHO 10
BapiaHTy. [Ipy BUKOHaHHI KpeceHNKa MPOIOHYETHCSI BUKOPUCTATH MacIiTad
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BUCHOBOK

1. 3ampormoHoBaHa  HOBAa  METOJAMKA  BHpIMIEHHS  3aBJaHb MO
MIPOEKLIHHOMY KpECJICHHIO, IO TOJISITa€ B AJTOPUTMIYHOMY BiJTBOpPEHHI
MIPOCTOPOBOrO  00pa3y T'€OMETPUYHOrO Tijla NUIIXOM NOoOynoBH HOro
KapKacHOI MOJielTi.

2. Ha BigmiHy BiJg BiIOMHX METOAMK, BHKOPHCTOBYBaHHX B
KOMITIOTEPHUX TpadiuHUX penakTopax, 3alpOolOHOBAHWH  allTOPUTM
JIO3BOJISIE BIATBOPIOBATH O0pa3W TEOMETPUYHUX Ti1 0O€3 BUKOPUCTaHHS
00uHnCITIOBANIEHUX onepaiii. Bei HeoOXiaHi mo0ya0BY 3aCHOBaHI Ha 3aKOHAaX
MIPOEKILIHOTO 3B'SI3Ky, 110 BHBYAIOTHCS CTYACHTAMU B Kypcax HapHCHOI
TeOMETPil 1 MPOEKIIHOTO KPECICHHS.

3. Jlana MeTomuka Ipu3HayYeHa i BUMPoOyBaHAa B HaBYAJILHOMY IpOIECi
JUTS 3aBJIaHb, 10 BiIHOCSTHCS /10 TPAaHHUX TTOBEPXOHb OY/b-SKOI CKIIAHOCTI.
Po3pobHuKM crofiBaroThCsT B HAWOMIKIOMY MaiOyTHBOMY CTBOPHUTH
MOJIOHUH aNTOPUTM JII pOOOTH 3 TEOMETPUYHHMH TiaMHU, IO MiCTATh
TIOBEpXHi 00EepTaHHSI.

4. 3ampornoHoBaHAa METOAWKA BUPILIEHHS MPOEKLIHHNX 3aBlaHb CIIPHSE
PO3BHTKY IIPOCTOPOBOI YSIBH CTYJICHTIB.

5. 3amporioHOBaHa METOJMKa BHPIIIEHHS NPOEKIIHHUX 3aBIaHb MOXKE
OyTH BHWKOpUCTaHa B rpadiyHMX YJ90OBHX Mporpamax il aBTOMAaTH3aIlii
BUPILIIEHHS BEJIMKOTO KOJIa POEKI[IHUX 3aBAaHb.

6. IlpencraBieHi BapiaHTH 3aBjaHb LIOM0 MOOYAOBH TPETHOI IPOEKIIii
TEOMETPUYHMX TiJT 33 JIBOMA 33JaHUMH 1 IX aKCOHOMETPHYHOI NMPOEKIii JuIs
BUKOHAHHS JIBOX JIMCTIB 1HJMBIMyaJbHOTO 3aBAAaHHS 3 MPOEKIIHHOTrO
KpECJICHHSI.

PexomennioBana jiteparypa

1. Sxumanckas W.C. Pa3Butue npoOCTPAaHCTBEHHOTO  MBIIIIECHUS
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Hayk CCCP. - M.: Ilenaroruxka, 1980. — 240 c.

2. Paccoxun B.B., Pozop C.B., Lenunckuii H.A. 3anumarenbHbIe
3a1auu M0 MPOEKIIMOHHOMY YepueHuto. — M.: Mamrus, 1962. — 166 c.

3. borycnaBckuii A.A. IllkonbHas cucTeMa aBTOMAaTU3UPOBAHHOIO
MIPOEKTUPOBAHUS: MOJIETTMPOBAHKE TBEPIOTO TEIa METOJJOM UTEHHUS YepTerKa.
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http://www.ict.edu.ru/ft/004245/obraz
http://oso.resz.ru/info/kompas/Ln_Kmps/part2/pgl.htm
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INTRODUCTION

The aim of the assignment on the topic "Draft Projection” is the
development of spatial imagination of students and the acquisition of skills
formation of the spatial image of geometric bodies in view of their
orthogonal projections.

Successful development of skills in the imagination of the student
recreation geometric body image is possible if the following conditions [1, 2].

1. The student must clearly know and understand the mechanism of
formation of the orthogonal projections of points on the three projection
planes.

2. The student must know and understand the features of the main
types of interconnection elements (projections), performed without the
coordinate axes.

3. The student must be able to carry out the construction of the three
main types of geometric body from its visual representation.

Lack of knowledge and skills for the above positions, as a rule, does
not lead to positive results of spatial imagination and, as a consequence, the
academic content of the section "Projection Drawing" due to the difficulty of
understanding the geometric structure of the body.

It should be noted that the vast majority of educational and methodical
literature there are no recommendations on how to meet the challenges of the
projection drawing, for example, to address the challenges of building a third
type of geometric or technical details of the two data types. At best, students
are encouraged to "report" form under consideration of the spatial object.
However, without some experience to submit the form spatial object can only
be extremely simple cases, such as a sphere or box. For more complex tasks
the student should be encouraged to at least the direction of the thinking
process, in which one could get an idea of the form of the geometric body.

These methodological guidelines is considered one of the methods for
solving problems of constructing a third projection geometric body in two
reports, which will earn skills formation in the imagination of the student's
complete image of any technical object and thereby develop spatial
imagination needed to engineer.
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1. General information about the method of solving problems of
construction of the third kind of geometric bodies of two data

For one of the first works to create algorithms for constructing geometric
image of spatial objects by their orthogonal projections can be ranked as
work on the creation of the school system "Kitezh" automated three-
dimensional image of the spatial object [3].

Consider the principle of operation of the school system "Kitezh".

First of all, in the system of "Kitezh" original graphic information for this
problem is formed in accordance with the following principles.

1. The drawing must be three types in the system of rectangular
projections (Monge diagrams, including the horizontal, frontal and profile
projection of the object).

2. The projections can contain only line segments, circles and arcs. Thus
all lines, regardless of their visibility, to be of the same type - solid.

3. The projections should contain only geometric information.

4. No part of the design drawings (the axis of symmetry, size, lettering
and so on) are not used.

5. Objects, the hallmark of which is the high degree of symmetry
simultaneously on several axes are not recommended for use with this
program, because there are several solutions cardinally increases the amount
of computational operations and therefore the duration of the calculation
increases dramatically.

6. Two points on different projections, projection considered to be related
if they have the same coordinates of the same name. The coincidence of the
coordinates of points on the different projections in the program is
determined by the largest coordinate with the magnitude inaccuracies
constructing orthogonal projections. If the accuracy of the projections of
points insufficient, the fact of the projection relationship between considered
points being questioned.

Object is a collection of faces, each of which is part of a plane, a cylinder
or cone. Wherein the axis of cylindrical and conical surfaces must be parallel
to the axes of the coordinate system.

Fringe is one or more closed loops - loops of edges.

Edge is a line segment or a circular arc. The planes in which the edges lie
- arcs to be parallel to the coordinate planes of the object. Edge defined by
two points: the ends of the ribs. By the definition of a solid each edge should
be part of only two faces.

The vertex of the ribs should combine at least three edges. To check this
position the program analyzes the matrix of connection points on all three
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planes. In the presence of cylindrical or conical surfaces to meet this
requirement, the program automatically adds them, breaks closed connections
by subsidiary (the essay) ribs which correspond to the lines of the essay on
the projections of these surfaces.

At the first stage, the program verify the compliance of graphical
information specified above conditions. The program builds the components
of the object (points, edges, loops, faces) gradually. In the event of an error
the user is given the opportunity to inspect components built at the time of
detection.

In addition, the user can gain access to the intermediate state of the object
when the cycles are built but not yet built the brinks.

If all the above conditions are successfully completed, the program
presents to the user a carcass (wire) model of the spatial object. Only after
that, taking into account the recommendations of the user, the routine
proceeds to the construction of the spatial image of the object.

Summarizing the above information, we will formulate a brief description
of stages of recovery of three-dimensional images by drawing orthogonal
projections.

* Analyzes the graphic information to identify errors and formation of
specific data on each of the projections.

* This returns the position of points in the space of the projections of these
points. Since recovering all valid combinations, at this stage may appear in
the object extra (false) points.

o It is built a three-dimensional edges. The compound of the points on
projections is analyzed, the connection of three-dimensional points is defined
in the object. Due to the presence of spurious points in the object, at this stage
it may appear superfluous (false) edges.

« It makes cycles - closed loops of three-dimensional edges lying on the
same surface. Since the object may have false edges it may cause false
cycles.

« It proceeds the analyze of cycles and building of a solid. At this stage,
the task removes from the object false points, edges and cycles, so that on the
one hand, each rib belonged to exactly two cycles (sign solid) and on the
other hand, the object corresponds to input projections. Then the task builds
the verge from the remaining cycles: "glues" cycles, lying on one surface;
determines whether the cycle of the outer contour of a face or the entrance to
the hole, etc.

« It carries out the approximation of curved faces and writing the result to
disk. Steps 5 and 6 can be repeated several times, as the same projections
may correspond to several correct objects.
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Even more briefly recovery steps of the three-dimensional images used in
the school system "Kitezh", can be summarized as follows.

* An overall analysis of the input drawing. At this stage, the task looks for
blunders in the drawing and extracts from it information about each of the
projections.

* Restoration of three-dimensional points on the projection points.

* The construction of the three-dimensional edges. Analyzing connection
of points for projections, the task connects three-dimensional points in the
object.

* Building cycles - closed contours of the three-dimensional edges lying
on the same surface.

* Analysis of the cycles and the construction of a solid.

* Recording the result.

2. The proposed algorithm for solving the tasks of building a third type
of geometric bodies of two data
A detailed analysis of the algorithm for constructing geometric image of
spatial objects by their orthogonal projections used in the school system
"Kitezh", shows that the use of this algorithm (or some of its fragments) in
the learning process in order to form students' spatial imagination
inappropriate for the following reasons.

1. First of all, based on the method of recovery of the spatial image
three-dimensional object in a software product KOMPAS-IMAGE is put
coordinate method. This means that as the main raw material the program
uses matrix A 3 of the vertex coordinates of the object, as represented by
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where

n - the number of vertices of the spatial object,

A - matrix of vertex coordinates of the object in 3D
space,

Al ,, A2 ,,A3,; - matrices of vertex coordinates of the object
determined by the horizontal, frontal and
profile projection CN

- X coordinate of the vertex of the object,
ay —ay

- Y coordinate of the vertex of the object,
a1y —ayy

- Z coordinate of the vertex of the object.
a3 —a,3

In this case, initially it requires the presence of all three projections, so the
task of restoring the third projection on two data do not put.
The results of the calculations is determined by the adjacency matrix M

i €2 o Cn

C21 C22 ves Czn

nn . b
Ci Cip G ¢

Ch1 Cn2 - Cnn_

Cii .
where each element  of the matrix Mm reflects the presence (absence) of
an edge between i-th and j-th vertex of the object.

For obvious reasons, all the diagonal elements ©kk of the matrix are zero.
Elements of the i-th row and j-th column take the value "1" ("0") in the case
of presence (absence) of the edge between i-th and j-th vertex of the object.

The need for a large amount of computational operations required for the

definition of the matrices 3 . Alnzs AZass Adnsand the high demands on

the accuracy with which the drawing can not be considered acceptable in
terms of classroom work with students.

However, the method adopted in the school system "Kitezh", contains
rational grain in terms of solving the problem is to build the first stage of
reconstruction of the spatial image of the object of his wireframe model

graphically or programmatically using matrices Ansand M |
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Having not calculated, but the graphic creative approach to constructing a
wireframe model object with the user may be primarily in the use as a
starting material are not three but only two orthogonal projections. In this
case it becomes possible to eliminate the necessity of using computational
operations and discard the accuracy requirements performing complex
drawing. Waivers of the requirement high precision performing of the
drawing is based on the use of qualitative rather than quantitative analysis of
the spatial properties of the test object. Obtained in this analysis the
redundancy of edges or faces recreated wireframe model of the object is not a
disadvantage, but on the contrary, contributes to finding a number of possible
solutions to the problem.

The implemented algorithm in such a way reconstructing the images of
three-dimensional body on his two orthogonal projections can provide:

* Creation of evidence-based practices reading blueprints in two
orthogonal projections;

* The development of creative program of computer analysis of the
orthogonal projections of three-dimensional objects;

* Study of the projection drawing using a simple technique of construction
of the third projection of the volume bodies of two data;

* The use of the algorithm in the learning process for the development of
spatial imagination of students.

Based on these studies suggest the following algorithm for constructing a
three-dimensional wireframe model of the object.

As the initial information to reconstruct a three-dimensional object uses
two orthogonal projections of any of the three major projections (horizontal,

frontal and profile). Two of the three matrices Alyzs 2005 Adna would

require for machine algorithm, and corresponding these two matrices

modifications of matrix M, .

In the graphical method of solving the problem all the constructions of the
wireframe model of the object are produced in the drawing, which was built
as a perspective view. Perspective view of an object is constructed in a
volume of space delimited by the faces of the basic parallelepiped. Two
given orthogonal projections define three dimensional size of the base of the
parallelepiped in which body is supposed to make the construction of the
investigated spatial object.

The accuracy of performing axonometric image is not critical with respect
to the correct reconstruction of the spatial image of the object and its desired
third orthogonal projection.
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To create a frame of the object used reference planes of private
circumstances, to have a certain way in the base of the parallelepiped. A
method for arranging the auxiliary planes of the private position is
completely determined by the view of the two given orthogonal projections
of the object. Most preferably the use of planes of private provisions are not
parallel to the plane of projection, which is missing the orthogonal projection.
For example, given the frontal and profile projections of the object is
recommended (if possible) to avoid the use of planes horizontal level. This
recommendation stems from the well-known position that in the absence of
indexing vertices of level lines, the judgment about their relative position can
only be done on the basis of the analysis of the projection with which these
lines are parallel. In the present case, however, this is not the third projection
by assumption.

The lines defining the reference planes of private position as well as the
lines of intersection of these reference planes are applied to an axonometric
drawing as thin colored lines.

After applying all auxiliary lines is formed the wireframe model in which
the student must recognize the 3D image of the investigated spatial object. It
should be borne in mind that in some cases the solution is not unique. In this
case it is necessary to choose the most preferred embodiment of solutions or,
if necessary, to fix each of them.

3. Illustrations of the proposed methodology on simple examples
As an illustration of the proposed method consider the main stages of
building reconstruction of the spatial image of the object and the construction
of its third projection on the example of two simple tasks.

Example 1.

It is given 2 projection of the
geometric body (Fig. 1).
Recreate a 3D image of the
geometric body, build his third
projection. Indicate possible
solutions to this problem.

Fig. 1. The condition of the task.

Getting the first stage of the solution - the creation of the object's frame.
To do this, we build a visual representation of the basic parallelepiped.
According to the problem (see Fig. 1), the width, height and depth of the
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basic parallelepiped are equal, i.e. this parallelepiped in this case is a cube.
The frame of the basic cube as a visual image is shown in Figure 2a.

2] 10y
N

2

a b C

Fig. 2. Stages of the construction of the frame object
a - the frame of the basic cube; b — introduction of auxiliary planes private position; ¢
— frame ribs, used for 3D reconstruction of the object

Since the frontal and profile projection of the object represented in the
form of empty squares, auxiliary plane is carried out directly through the face
of the cube. In accordance with the above considerations as auxiliary planes
private position will take the planes of the profile level ® and Q and frontal
planes of level  and A (Fig. 2b).

The intersection of planes ® and Q with planes X and A, marked by thick
lines on the basic cube (Fig. 2¢), are the main ribs of the object's framework
using that partially or completely can be made the final drawing of the
framework of recreated geometric body.

The finalization of the frame object demands from the student to consider
two given projections and preliminary drawing of wireframe model of the
object (Fig. 2c). The task of the student is to complete work on the frame of
the object by combining pre-selected by student ribs of wireframe model of
the object having ribs or ribs, re-introduction by the students to achieve
compliance of wireframe model given orthogonal projections. This stage is
the most important, it requires from the student creativity, requires the
inclusion of spatial imagination, contributes to active development of the last.

At the figures 3 a, b, ¢, d, e are given the variants of complete drawings of
different options of the wireframe model of the geometric body formed on
the basis of the preliminary drawing of the wireframe model of the object
(Fig. 2¢) with the defined orthogonal projections (Fig. 1).

Using these wireframes of the object is easy to construct 3D - image of
the desired geometric body. For this it is only required to remove unused
edges framing model and, if necessary, to define the appearance of lines on
3D - image of the object.
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a b C d

Fig. 3. The variants of complete drawings of different options of the wireframe model
of the object

1OV

Fig. 4. Variants of visual representation of the desired geometric body

In Figures 4 a, b, ¢, d, ¢ are the different options of geometric bodies, each
of which corresponds to the condition of the problem, shown in Fig. 1.

Using the obtained in Fig. 4 options for visual representation of the
desired object is easy to construct the missing its third horizontal projection.

Figure 5 shows the horizontal projections of all five variants to solve this

problem.

a b C d e

Fig. 5. Variants of the horizontal projections of of the desired geometric body

Exapmle 2.

It is given 2 projections of the geometric body (Fig. 6).
Recreate a 3D image of the geometric body, build his third projection.

Indicate possible solutions to this problem.
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Getting the first stage of the solution - the
creation of the object's frame. To do this, we
build a visual representation of the basic
parallelepiped. As for the condition of the
problem (Fig. 6), the width, height and depth of
the geometric body are equal, the basic
parallelepiped is a cube. A visual representation
of the cube is shown in Fig. 7a.

By analogy with the solution of 1 reference
planes will be carried out directly through the
face of the cube. As auxiliary planes private
position will take the planes of the frontal level ®
and Q and horizontal planes of level £ and A

(Fig. 7b).
Fig. 6. The condition of the
problem
o
2

2

A
a b c

Fig. 7. Building the framework of the object
a — the framework of the basic cube; b — introduction of auxiliary planes of private
position; ¢ — framework edges, used for 3D reconstruction of the object

The intersection of planes ® and Q with planes X and A, marked by thick
lines on the basic cube (Fig. 7c), are forming a preliminary drawing of
wireframe model of the object.

In the drawings of figure 8 is shown the options wireframes and visual
images satisfying the condition task 2 (Fig. 6).
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Fig. 8. Variants of wireframes and visual images of the object

Built on visual images shown in Fig. 8, the variants of the profile
projections of the desired geometric body shown in Fig. 9.

N AN

Fig. 9. Variants of profile projection of the desired object

4. Mustration of features of the proposed algorithm on examples of
solving the problems of varying complexity

Task 3.

It is given 2 projections of the geometric body (Fig. 10). Build its third
projection.

Building a profile projection (of the form to the left) of the geometric
body will produce by recreating the visual image of this figure.

At first, draw a frame of the basic cube of given geometric body (Fig.
11a).
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On the the frontal projection of the object apart
from the outer contour (square or rectangle) there
is projection of the horizontal line (or lines) lying
in the plane of the horizontal level. This conclusion
follows from the fact that all the points of this line
are the same distance from the horizon. Note the
position of the plane of level in the basic cube (Fig.
11b).

The horizontal projection line in the center of
square is the line or lines disposed in the object in
the plane of the front level (Fig. 1lc). By
combining figure 11b and 1llc, get wireframe
model (Figure 11d) of intended geometric body.

Fig. 10. The condition of
the task

a b c d

Fig.11. Stages of building of wireframe model of the spatial object
a — basic cube; b - plane of the horizontal level in basic cube, to conclude direct,
reflected by the midline in the frontal projection;
¢ - plane of frontal level, to conclude direct, reflected the middle line on the horizontal
projection; T - drawing obtained by combining patterns 11b and 11c.

Transform combined drawing in frame of geometric body (Fig. 12)
through drawing the line of intersection of two reference planes and
highlighting by thick lines the edges of the framework.

Combining allocated filaments of framework, and ensuring wherein the
compliance with the conditions shown in fig. 12, you can get a variety of
solutions in the form of visual images of spatial objects (Fig. 14). Obtained in
this way visual images make it easy to build a third projection of a geometric
body (Fig. 14c¢).
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Fig. 12. Complete frame of the model of spatial object

Task 4.
It is given 2 projections of the geometric body (Fig. 13).
To build its third projection (horizontal).

N\

Fig. 13. The condition of the task.
Following the above stated algorithm, we perform the construction of the

basic parallelepiped and auxiliary planes of private provision which are
determined by given projections of the object (Fig. 15).
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a b C

Fig. 14. Solutions to the problem 3
a — some versions of geometric solids in the basic cube; b — visual images of
geometric solids; ¢ — profile projection of geometric solids
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a b C

Fig. 15. Stages of building of wireframe model of the spatial object
a — basic parallelepiped; b — auxiliary plane of level in the basic parallelepiped,
reflecting lines in the frontal projection; ¢ — reference planes in the basic
parallelepiped, reflecting lines in the profile projection

Aligning drawings 15a and 15b and finish lines of mutual intersection of
the reference planes, we obtain a drawing 16a.

In the drawing, 16b are highlighted in red filaments of the frame
corresponding to the condition of the problem in Fig. 13.

Deleting unneeded lines, we get a clear image of the object (Fig. 16¢) and
with it - the horizontal projection of the desired geometric body (Fig. 16d).

E . — S —.
AV S AV il N\
|—
a b c d

Fig. 16. Wireframe model of the object and the result of solving the problem
a — combining drawings 15b and 15c; b — allocation of frame's threads that meets the
task; ¢ — visual representation of the object;
d — the horizontal projection of the geometric body

Task 5.

It is given 2 projections of the geometric body (Fig. 17). Build its
horizontal projection.
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Fig. 17. The condition of the task.

The sequence of steps to solve this problem does not differ from previous
solutions of tasks. Initially, the frame model is constructed in the basic

parallelepiped that includes support planes of private position and lines of
their intersection (steps a, b, ¢, and d in Fig. 18).
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a b c
Fig 18. Stages of building of wireframe model.

a — basic parallelepiped; b, c — separate filaments of the frame;
d - combined frame

Then, on the drawing of resulting wireframe model by color pencil is
applied to filaments of the frame (Fig. 19a), corresponding to conditions of
the problem, shown in Fig. 17.

Obtained in Fig. 19a drawing allows to construct an image of the spatial
object (Fig. 19b). Constructed a visual representation of the geometric body

gives the full information for drawing of the required horizontal projection of
the object on the condition of the problem (Fig. 19¢).

S
=T

(i

a b C

Fig. 19. Wireframe model of the object and the result of solving the problem
a — the wireframe of the model; b — visual representation of the object;
¢ - the required horizontal projection
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Task 6.
It is given 2 projections of the geometric body (Fig. 20). Build its profile
projection.

e

Fig. 20. The condition of the task.

In the figures 21a, 21b and 21c shows the steps of recreating the image of
the geometric body on his two orthogonal projections.

The desired profile projection of a geometric body (Figure 22) is
constructed using the obtained in Figure 21c visual image.

N ~N \ N

a b C

Fig. 21. Stages of reconstructing of the image of the geometric body
a - combined drawing of the reference planes in the basic parallelepiped; b -
wireframe model of the object; ¢ - visual representation of the object
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Fig. 22. The desired profile projection of the geometric body

5. The variants of tasks

In the present guidelines are offered two sets of tasks.

The first set of tasks (30 task option, Appendix 1) is designed to work on
practical exercises and then performing a drawing on A3 format.

The second set of tasks (30 variants of tasks to 3 in each, Appendix 2) can
be used as a control for lectures or workshops, as well as domestic individual
tasks.

It should be noted that in most cases the control of knowledge at the
beginning of the test doesn't give to student the accurate information about
how many correct answers provide one or another positive evaluation. It does
not allow the student correctly relate the suggested questions or problems to
the level of their knowledge and rational distribute the time to resolve the
issues that match the level of his existing expertise. Often while testing the
students' knowledge the student takes the first of the proposed task and in the
case of insufficient knowledge on the topic spends to solve this problem
almost all the time available for testing.

This disadvantage is eliminated in that case if the student at the beginning
testing knowledge offer multiple tasks and clearly define what the right
decision would be appreciated satisfactory, good or excellent. In this case, the
student will be forced to make himself an objective assessment of his
knowledge in this area. This, of course, excludes the very possibility of the
emergence of claims to the teacher about the lack of appreciation of the
student's knowledge. This choice of conjectural estimates can be regarded as
a kind of input psychological testing before the upcoming control knowledge.
The need of selection of assess causes the student honestly admit to himself
"what he's worth," and perhaps reconsider his attitude to the studied subject.

Research has shown that in most cases the student chooses algorithm
"weightlifter", regardless of the level of training: firstly the student solves the
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relatively easy tasks that provide guaranteed estimate (satisfactory or good)
and only then proceeds to answers on the most difficult questions.

The foregoing considerations form the basis in the preparation of variants
of task (Appendix 2), which can be used to test students in lectures or
practical classes.

6. Registration of drawings

Assignments on "Projection drawing", intended for domestic work,
carried out on sheets of A3. A title block is disposed in the lower right part of
the format. In the top right of the format draw (or paste) the condition of the
job.

For the first set of tasks (Appendix 1) in the drawing you must perform
three projections of said geometrical body in an arbitrary scale with
compliance of proportions in accordance with an embodiment. The sample of
the task 1 is shown in Fig. 23. In case of any problems of understanding the
structure of the proposed geometric body to methodical instructions are
attached the video fragments with demonstrations of three-dimensional
models of these details (name of the video file matches the version of the
geometric body).

For the second set of tasks (Appendix 2) in the drawing you must perform
three projections of said geometric body (with 3-proposed), depending on the
assessment, which calculates the student having estimated independently his
knowledge on specified topic in accordance with an embodiment. When
performing the drawing is proposed to use a scale of 2: 1. Apply these
dimensions of the elements of the geometric body. Sample of performing the
task 2 is shown in Fig. 24.
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CONCLUSION

1. A new method is offered of solving problems by plotting the projection,
which consists in the algorithmic reconstruction of the spatial image of
geometric body by constructing its wireframe model.

2. In contrast to known methods used in computer graphics editors, the
proposed algorithm can reconstruct images of geometric shapes without
using computational operations. All required buildings based on the laws
of projection communication, which studied by students on courses of
descriptive geometry and projection drawing.

3. This method is designed and tested in the educational process for tasks
related to the hedral surfaces of any complexity. Developers hope to create
in the near future a similar algorithm to work with geometric bodies
containing a surface of revolution.

4. The proposed method of solving tasks of projection contributes to the
development of spatial imagination of students.

5. The proposed method of solving tasks of projection can be used in
graphics training programs for automation of solution of the great circle of
projection problems.

6. It is presented options of tasks on the construction of the third projection
of geometric bodies by two data and their axonometric projection to
perform two sheets of individual tasks on a projection drawing.
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