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BBEAEHUE

Ha coBpeMeHHOM 3Tare B NPOMBIIIJIEHHOCTH U Hay4YHO-HUCCIEA0BATEIbCKOM
MPAKTUKE UCTOJIB3YIOTCA KOMIBIOTEPHBIE TEXHOJOTUH MPOCKTUPOBAHUS U3JIETUH,
pPa3pabOTKH TEXHOJIOTMYECKUX IMPOIIECCOB U TMOJATOTOBKH JOKyMeHTaruu. [lpu
TOM POJb U 3HaYEHUE rpaduYecKOro MPECTABICHUS PE3yJbTaTOB BBIUMCICHUN
HENpPEphIBHO BO3pacTaeT, BCIAEACTBHE HauOojieeé €MKOr0 U HarsIHOTO
IpeCTaBIICHUs OOJIBIINX 00BEMOB JIaHHBIX, KOTOpOE 00ecreurnBaeT rpapuyeckas
dbopma. KomnbrorepHas rpaduka (KI') gaeT BO3MOXKHOCTh MPOBECTH BU3YAJTbHYIO
OLICHKY PE3YyJIbTaTOB BBIYMCIEHHI, BHECTH HEOOXOAUMBIE KOPPEKTUBBI, OTOOPATh
M3 TMPEICTABICHHOTO MaTepuayia JaHHbIE Uil TMOCJHEAYIOMIEM MAalluHHOU
00pabOTKH, TO3BOJSET CYIIECTBEHHO YBEIUYHUTH IMPOMYCKHYIO CIHOCOOHOCTH
UHPOPMAIMOHHOTO KaHala, 4Yepe3 KOTOPBIA OCYIIECTBISETCS JIBYXCTOPOHHSSA
CBSI3b MOJIb30BATENS U KOMITBIOTEPA.

KI'" oOecrieunBaer HEe TOJBKO TMOBBIIIEHUE HArJISIHOCTH TMOJTYYEHHBIX
pe3ynbTaToOB, HO M BO3MOXHOCTh PEIEHUS MPUHIMIIMAIBLHO HOBBIX 3a/ay, Kak,
HaIpumep, reOMETPUYECKOE MOJIeJTUPOBaHMUE, TTU3aliH, IpUMEHEHUE
MYJIBTUIUTAKAIIMY TIPU MOEIUPOBAHUH MTPOLIECCOB.

JlaGopaTopHbIe OIBITHI, MpeAJiaraéMbleé B TaHHOM COOpPHUKE, BBIIOJIHSIOTCS
Ha 3Tane obuei 6a30Boil MoAroToBKkU. OHU MpeHA3HAYEHBI IS 3aKPEIJICHUs Ha
NpaKTUKE 3HAaHWM, JaBaeMbIX B Kypce JEKIMA U BBIPAOOTKM Yy CTYIEHTOB
MPAKTUYECKUX HABBIKOB B TpuMeHeHuHn wmetonoB KI, Hambonee mmpoxo
NPUMEHSIEMBIX B TPAKTUKE, YTIIyOJICHHE HABBIKOB COCTABJICHHS AJITOPUTMOB H
IpOrpaMMUPOBAHUS JIJIs 3a]a4 CPEJHEN CIIOAKHOCTH, & TAKKE Pa3BUTUE HABHIKOB
opopmieHuss paszpaboTtaHHbIX mnporpamm. Kaxkmas u3 mabopaTopHbIX paboT
npeacTaBisier co0oil  HeOOJbIIOe, HO CAMOCTOSTEIbHOE U 3aKOHUYEHHOE
UCCJIEIOBAHMUE, BKJIIOYAIOLIEE BHIOOP YHUCIEHHOIO METOJId, COCTaBJICHHE
alropuT™Ma peIIeHHs 3a/ayd, COCTaBJICHHE W OTJIaAKy HPOrpaMMbl, aHAIU3
pe3ynbTaTOB.

B cOopHuKe copepiaTcsi OCHOBHBIE CBEIECHHSI TEOPETUYECKOIO XapaKTepa,
IJIaH TPOBEACHUS palboT, pPEeKOMEHIAIMd 1o O(OPMIICHHIO OTYeTa, 4YTO B
KOMIUIEKCE C YKa3aHHOW JIMTEPATYpPOM M KypCOM JIEKIMU MO3BOJISIET CTYJCHTaM
CaMOCTOSITENIbHO BBITIOJIHATH Ipe/IaracMbie paboThI.



OBLWME METOOAUYECKUE YKASAHUA
MO BbINOJNIHEHUIO PABOT

Kaxnas naboparopHas palOoTa AOKHA BBINOJHATHCA IIOCIE H3YYCHHS
CTYyZEHTAaMH COOTBETCTBYIOLIUX PA3IAEIOB TEOPETUUECKOTO Kypca JEKIUHM.

K pabore Ha DBM nomyckaroTcsi TOIBKO T€ CTYIEHTBI, KOTOpPbIE TMOKa3alu
3HaHHE TEOPETUYECKUX BOIPOCOB U METOAMKHU JaHHOU paboTel. PaboTa cunraercs
BBIITOJTHEHHOM MOCJIE TOTO, KaK IPENOAaBaTelb, IPOBEPUB PE3YJIBTATHl pacyeTa, u
OTBETHI CTYAEHTOB HA KOHTPOJIbHBIE BOIPOCHI, IMOJIMCHIBAET IMPEAOCTABICHHBIN
CTYJIEHTOM OTYET MO YCTAaHOBJIEHHOU (hopMme.

JlaGopatopHbie pabOTHI BBITIOIHSAIOTCSA C UCHOIB30BAHUEM BBIYHCIUTEIHHON
TexHukd. llepen 3aHATHEM TpenoaaBaTeNb JODKEH COOOUIUTH CTyACHTaM
MHCTPYKIIUIO IO TEXHUKE 0€30MMacHOCTH IpH padote Ha DBM.

NaGopaTtopHas pab6ota Ne1

Peanm3annst BO3MOKHOCTH ITOBOPOTA M CABUTA ITPOCTENIIINX T€OMETPUYECKUX
buryp

1. HEJIb PABOTBI.
Ienbro qaHHOM PaOOTHI SABIISCTCS:

— MpaKTHKa B pa3paboTke rpaduyecKux MporpaMm, UCHOIb3YIOIIUX O0OBEKTHO-
OpPUEHTHUPOBAHHBIN MPUHLIUI TOCTPOEHUS;

— MOJy4Y€HHUE HABBIKOB MCIOJb30BaHUS OMONMOTEK CTaHAAPTHBIX MPOrpamMM U
JIMYHBIX OMOJINOTEK;

— 3aKpEIUICHHUE JIEKIIMOHHOIO MaTepuaa;

— yriiyOJIeHHE HaBBIKOB OTJIaJKU IPOrPAMM U MPaKTHYECKOW padboThl Ha DBM.

2. OCHOBBI TEOPHUM.

I'padpuaeckue m3o0pakeHus: GOPMHUPYIOTCS C UCIIOTH30BAHUEM MTPUMHUTHBOB.
[IpuMuTHBaMH B MallIMHHOM Tpaduike MPUHATO CUYNTATh HAUMEHBIITUE, HEICTNMbIC
C TOYKHU 3pEHUS NPUKIAJAHBIX TMpOrpamMM, rpadUyuecKue 3JIEMEHThI, KOTOpPbIE
UCIIOJIB3YIOTCSI B KayecTBe 0a30BbIX I TOCTpOEHUsi Oojee  CIOXKHBIX
n3o0paxkeHuil. B anmapaTHbIX cpeAcTBaX MaIIMHHOW Tpaduku TreHepanus
rpauuecKkux MPUMHUTHBOB OCYIIECTBISICTCA CHEIUATBHBIMU OJIOKaMH, KOTOPBIE
MOMUKCETHHO (POPMUPYIOT H300paXkeHre rpaduueckoro 3JIeMeHTa.

I'paduueckumMu MPUMUTUBAMH CUWTAIOT TAKUE AJIEMEHTHI, JJIs T€Hepaluu
KOTOPBIX B anmapaTHbIe WU MPOTrPaMMHBIC CPEJCTBA BBOJIAT KOMAHJIbI, KOTOPHIE
UX UJICHTU(DUITHPYIOT.

B 3aBucuMocTH OT 00JaCTH MPUMEHEHHSI OMPENEISIIOT HabOop MPUMHUTHUBOB,
KOTOpbIe HanboJee 1eaecoo0pa3Ho MPUMEHUTD g (HOpMUpPOBaHHS rpadudecKuxX
n3o0pakeHuii. Tak, HampuMmep, B MAIIMHOCTPOUTEIBHBIX YepTekax HamOoJiee
pacnpocTpaHeHbl OTPE3KU MPSIMBIX, TYTH OKPYXKHOCTEH W andaBUTHO-IIMGPOBHIC
CHUMBOJIBI.



B HEKOTOpBIX MPWIOXKEHHUAX B KayecTBE TIpauuecKux MPUMHUTHBOB
OPUMEHSIOT LI€JI0€  MHOXKECTBO CBA3aHHBIX MEXAY CcO0OOH rpaduueckux
AJIEMEHTOB, KOTOPBIE OIPENEISAIOT OOBEKT /ISl UAECHTU(UKALINH.

[IpuMUTUBBI pa3fensioTcs Ha TEOMETPUYECKHUE (TOYKH, OTPE3KH MPSIMBIX,
JOMaHble, JyTU KPHUBBIX, YAaCTU TOBEPXHOCTEH); TEKCTOBbIE U CHUMBOJIbHbBIE
(Mapkepbl).

Paznmuuaror anmapartHelil, IPOrpaMMHBIN U IPOTPaMMHO-ANNAPATHBIN YPOBHU
(dopMuUpOBaHUS TPUMHUTHUBOB.

OuU3nYeCKUM NPUMUTUBOM Ha3bIBAOT TpaduueCcKil 3JIEMEHT, sl TeHEpaliuu
KOTOPOTO B rpapuuecKkoM yCTPOMCTBE €CTh COOTBETCTBYIOLIUH alapaTHbIN OJIOK.
B OonpumMHCTBE cHUCTEM MAIIMHHOM TIpaduKu anmapaTHO pPealu3ylT Takue
IPUMHUTHUBBI, KAK TOYKA, OTPE30K IPSIMOM, JIOMaHas JIMHUS, CTPOKA TEKCTa, 1yra 1
p.

JlornyeckuM TNPUMUTUBOM Ha3bIBAIOT TpaUUeCKUil 3JIEMEHT, KOTOPbIN
ABJISIETCSL  AJIEMEHTapHBIM OOBEKTOM KOHKpPETHON mporpammsel. [lpumepamu
JIOTUYECKUX MPUMHUTHUBOB MOTYT CIIYKUTh MPOCTEHIINE F€OMETPUUECKUE (DUTYPBI:
TPEYroJIbHUK, KBAaJpaT, MHOTOYTOJIbHHK, MapajulesieuIie]l, KOHYC, ap, HHIUHAD,
4acTh NPOU3BOJILHON TOBEPXHOCTH U TIP.

[Ipn nmporpamMHO-anmapaTHOM peaau3aldyd NPUMHTHBOB Ha MPOrPaMMHOM
YPOBHE BBIIIOJIHSOTCSA IOATOTOBUTENIBHBIE PACUETHI, IIOCJIE YEro IepenaeTcs
yIOpaBJIICHHE COOTBETCTBYIOIIEMY anmapaTHOMY Y37y, KOTOpPBIM 3aBepllaeT
TeHEpALMI0 HEOO0XOAUMOro rpaduyeckoro »sjieMeHta. Tak, Hampumep, MpHU
3alOJHEHUU 00JIaCTH, OTrPAHMYEHHOM TOJUIOHOM, MPOTPaAaMMHBIM IyTEM
ONPENENAIOT IPAHULIBI KOHTYpPA, a annapaTHbIM — 3aMI0JIHEHUS TOYEK MEXITY HUMHU.

[IpumuTHB 3agaercs:

— mapaMeTpaMu, KOTOpble  OHpeAessitoT ero  (Gopmy, pa3Mepbl H

MECTOIOJIOKEHHE;

— BU3YQJIbHBIMH CBOWCTBaMH, KOTOPBIE OIPENEISIOT €ro BUIAUMOCTb, LIBET,

SAPKOCTb, IUHAMUYECKHE CBOMCTBA, TUI U TOJIIIHUHY JIMHHII;

— CTaTycoM, KOTOPBIA ONpeNensieT OTHOUIEHWE K pPAa3jIuYHbIM OINEpalusM,

TaKHM KaK U3bSITHE, IPe0Opa30BaHKE, YKa3aHUE;

— pEXUMOM 3aHECEHHs] B BUJEONaMATh (PEKHUMBI 3aMEIICHUS, HaJOXKECHHUS,
00paTHOT'O YTEHHUS U TIP.).

I'padmueckas cucrema BKIIOYAET CPEACTBA JJI OOBEIWHEHUS PUMUTUBOB.
Hanuuue cTpyKTypHpOBaHHBIX JAaHHBIX pa3peuiacT MOJYYUTh U3 OIPAaHUYEHHOIO
Habopa 0a30BbIX JIEMEHTOB JOCTATOUYHO OOJBILIOE KOJUYECTBO BUJIOB U IPOEKLUHN
nzo0Opaxenuid. [Ipu sToM ympomaercs 3ameHa, MOBOPOT W MEPEMEIICHHE Kak
OTJIENbHBIX (PParMEHTOB, TaK U BCero mzoopaxenus. CTPyKTypHBIE CBSI3U MEXIY
rpaguyecKuMu  TaHHBIMM  3HAYUTENbHO OOJEryaloT TMpolecc TMOoHCKa U
uaeHTuukanuu  uHopManuu, a Takke (OPMHUPOBAHME JUHAMHYECKHX
nzoopaxkenuii. I[locmegnee oOBsCHsSETCS TeMm, dYTO Tpu  (HOPMUPOBAHHUH
U300pakeHMid, KOTOpbIe BOCCO3JAIOT ABM)KEHUE, HA SKpaHE MOSBISIOTCS TOJBKO
HECKOJIbKO HOBBIX 3JIEMEHTOB, a IIOJIHO€ W3MEHEHUE MPOU3BOAUTCS Yepes
HEKOTOPbIA MHTEpBAJ BPEMEHM, KOTOPBIH ONPENENSETCS CKOPOCTHIO JIBHXKEHHS
U300paKEHUS W pa3MepaMud Mojs BbIBOJA. [loATOMY HMMUTALMIO JIBHKEHHUS
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OCYIIECTBIISIIOT IyTeM (HOPMHUPOBAHMSI HOBBIX ()parMEeHTOB, MPU COXPAHEHHUH
CTaTUYECKUX (parMeHTOB O€3 epemMeH.

I'paduueckum  37€MEHTOM  Ha3bIBAETCS  YMOPSAJOUYEHHOE  MHOXKECTBO
IPUMHUTUBOB OJTHOTO U TOTO ke Thna. [IoHATHO, 4TO TpaduuecKuil 3IeMEHT MOXKET
COCTOATH BCET0 U3 OJIHOTO MPUMUTHUBA.

['padprueckm OOBEKTOM HA3BIBAETCS MHOXKECTBO MPUMHUTHBOB, KOTOPbIE
UMEIOT OJIMHAKOBbIE BH3yaJIbHbIE CBOWCTBA M CTaTyC, U HACHTHPHUIUPYIOTCS
onauM umeneMm. Ilpu dopmupoBanun rpaduyueckoro o0O0BEKTa OTHATACT
HEOOXOIUMOCTh B HW3MEHEHUH PEXKHUMOB pPa0OThl TpadUyECcKOro KOHTpOJUIEpa
(anmapaTHBIX OJI0KOB), KOTOPHIE OTBEYAIOT 3a BU3YyaJIbHbIE CBOMCTBA.

[TockosbKy M300pa)xKeHHe MOXKET COCTAaBIATHCS U3 MPUMUTUBOB PA3IUYHOTO
TUIIA, TO BBOJAT MOHSTHUS CEIMEHTa, KOTOPBIA OMpeNesieTcsl Kak COBOKYIMHOCTh
rpauueckux HJIEMEHTOB. YPOBHIO CErMEHTa B SA3bIKaX MPOTrpaMMHUPOBAHUS
OTBEYAET TaKasi KOHCTPYKIIMS, KaK MMpoLeaypa.

BeimonHsss TpynmupoBaHWsT TNPUMHUTHBOB B TOWMEHOBAaHHBIE CETMEHTHI,
OPOrPAMMHUCT MOXET CEJEKTUBHO W3MEHSTh OTAEJIbHbIE YacTU IOJHOTO
U300paKeHUS MyTeM U3BSITHUS WU MOAU(PHUKAIIUU CETMEHTA.

['padmyeckue 31€MEHTHI SBISIOTCS CHHTAKCUYECKUMU 0ObEKTaMU (OMTUCAHUE
rpaduyeckux ITaHHBIX), B TO BpeMs, KaK CETMEHThl — CEMaHTHYECKHMMH (CBS3b
rpaduuecKkux JaHHBIX), HATPUMEP, 31aHUE, YePUCHHUE.

Jlist paboThI ¢ 351eMeHTaMu TpaduuecKkux U300pakeHui y1o0Hee TPUMEHSTh
NoAX0/bl  OOBEKTHO-OpUEHTHUpOBaHHOTO mnporpammupoBanusi (OOII). OOII
IPEACTaBIIAET COOOM TEXHOJOTHUIO MPOTPAMMUPOBAHUS, B OCHOBE KOTOPOU JIEKHUT
TOT JK€ TOJXOJ, YTO IMO3BOJISIET JIOAAM (OPMUPOBATH MOJAEIU OOBEKTOB
peanbHOoro Mupa. Kaxaomy peanbHOMY OOBEKTY COMOCTABIACTCS OOBEKT JTaHHBIX
(4acTh TEKCTa MpOorpamMMbl) OOBEAUHSIONIMI BOCIMHO KOJ U AaHHBIE. biaromaps
JAaHHOMY MOJXOAY B 3HAUUTEIbHOM Mepe 00Jierdaercsi COTpYIHUYECTBO paboUnx
rpyni B paboTe HaJl KPYIMHBIMU MPOEKTaMU, UCKITIOYAETCS HECAHKIIMOHUPOBAHHOE
UCIOJIb30BaHUE JaHHBIX. OOBEKT MOXKET COAECPKATh 3aKPHITHIE MACCUBBI JAHHBIX,
paboTa ¢ KOTOPBIMU OCYLIECTBISIETCS TOJBKO (PYHKIUSMHU, OMMCAHHBIMU B 3TOM
*Ke OOBEKTEe, CTOPOHHUM >K€ IMOJH30BATENb, MOJYYAIOIIUNA JaHHBIA OOBEKT BO
BIAJICHUE, MUMEET BO3MOKHOCTH OOpAaIllEHHS TOJBKO K OTKPBITHIM JIaHHBIM U
bysakuusm 3toro oobekta. OOIl mo3BoISIET Y5KOHOMHUTH BPEMS 32 CUET CO3/IaHUS
UEPAPXUUYECKUX TUIIOB JAHHBIX, IOPOKJasi HOBbIE OOBEKTHI OT CYIIECTBYIOIINX U
Hacyeays (MOJHOCTHIO UM YaCTUYHO) UMEIOIINECs B HEM JIaHHbIE U (DYHKIIUH.

3. BAPUAHTHI 3AJIAHUM.

HeoOxogumo  ommcarh 2  rpaduueckux  00BEKTa  OTOOpAKAFOIIMX
rpaguvecKkue MPUMUTHUBBI M deMEeHTHl (Tabn.1) 1o BEIOOpPY mpemojaBaTers.
['padmdecknii 0OBEKT MOMKEH COACPKATh XapaKTePUCTHKAMH TMPUMHUTHBA
(cBOMCTBA), COOTBETCTBYIOIIME TEOMETPHUECKUM TTapaMeTpaM, BUIUMOCTH, IIBETY,
U GyHKUIMH, 0OecTIeunBatoIie 0TOOpaKEHUE JAHHOTO 00bEKTa (METOIbI).

[Tocne co3manus OOBEKTOB JJii TPUMUTHBOB TpeOyeTcs HammcaTh
HEOOJBIIYI0 TPOrpaMMy TOCTPOSHUS W300paKeHHs] M3 JaHHBIX MPUMHUTHBOB,
WLTIOCTPUPYIONIYIO UCIOJIb30BaHNE ITHX OOBHEKTOB.



TaoOmn.1.

Ne BapuanTa Hcnonb3yemble IPUMUTHUBBI U 3JIEMEHTHI

1 OTtpe3ok ITPAaBWJIBHBIM MHOTOYTOJIbHUK
2 OKPY’KHOCTb 3BE€3/1a

3 Dnurc CTpeJKa

4 OKPYKHOCTh MPaBUJIbHBIM MHOTOYTOJIbHUK
5 yra 3BE37a

6 DILTUIIC IIPaBUJIbHBIM MHOTOYTOJIBHUK
7 IPAMOYTOJIBHUK 3B€3/1a

8 OKPYKHOCTb TEKCT

9 OTPE30K TEKCT

10 ayra CTpENKa

4. TIOPAJOK BBIIIOJHEHUA PABOTbBI U METOJAWYECKHUE

PEKOMEH/JALIUMN.

— OmnpenenuTs Bce CBOMCTBA MPUMHUTHBA, BBICINTh YHUKAIbHBIE CBOMCTBA.

— Onucate METObI, HEOOXOAUMBIE 7151 0TOOpakeHHs 0OBEKTOB.

— CocTaBHUTh U OTJIAZUTH IPOTPAMMY IIOCTPOCHUS NU300PAKEHHUS.
Co3garh  AMANOrOBBIA  MOAYJdb, s  BapbUpOBaHUS  IapaMeTpaMu
(cBoiicTBamMu) rpadIeCcKUX OOBHEKTOB.
— OTBETUTH HAa KOHTPOJIbHBIE BOMPOCHI.

5. YKA3AHMA 110 OPOPMJUIEHUIO OTYETA.
Kaxnp1ii cTyeHT opopMIIsIeT OTYET, KOTOPBINA JOJIKEH COAEpPKaTh:
— IIOCTAHOBKY 33]1a4H;
— QJITOPUTMBI PELICHUS 3a/1a4u;
— TEKCTBI PacreyaToK pOrpaMm;
— MEpeuYeHb U XapaKTEepPUCTUKY OLIMOOK, JOIMYIIEHHBIX B IpOLECCEe
POXOXKIACHUS 3a0aHUS;
— OTBETHI HA KOHTPOJIBHBIE BOIPOCHI.
K cocraBieHHbIM mporpamMmaM cienyeT JaTh TaOJMIly MCIIOIb30BaHHbBIX
VMEH IIEPEMEHHBIX.

6. KOHTPOJIBHBIE BOITPOCHI.
1. Kakue cCTpyKTypHBIE 5JIEMEHTHI H300paK€HUH CUHUTAIOT TpaduuecKuMu
MPUMUTHUBAMHU?
2. YeM OTIMYAIOTCS JIOTUYECKUE TPUMHUTHUBBI OT PU3HUUECKUX?
3. Kakumu atpulyramu 3aatorcs rpaduyeckue IpUMUATUBBI?
4. Yem 0OyCIIOBJICHO BBEICHHWE CTPYKTYPHBIX EIWUHUI] TUMA TrpadudecKuit
00BEKT, TpapUIECKUi DIEMEHT?



JlabopaTopHasa pabota Ne2

[TocTpoenne MPOCTEHIITNX TEOMETPUUYECKUX (DPUTYP C UCTIOTH30BAHUEM
Pa3IMYHBIX PACTPOBBIX AITOPUTMOB.

1. HEJIb PABOTBI.
Ienbro qaHHOM PaOOTHI SABIISCTC:
— MpaKTHKa B pa3pad0oTKe rpaduyecKux mporpamm;
— 3aKpeIUIeHUE JIEKIIMOHHOTO MaTepuaa;
— I0JIy4€HHE HAaBBIKOB MCIIOJIb30BaHUs OMOINOTEKU CTAaHJAPTHBIX IPOTPaMM;
— IMpakTUKa B pa3pabOTKe aJrOPUTMOB U IMPOrpaMM, UMEIOIIMX MOIYJIbHYIO

CTPYKTYpY,
— yriayOJieHHe HaBBIKOB OTJIAKH.

2. OCHOBBI TEOPHUMU.

JIoCTaTOYHO BaKHBIM MOHATHEM JIJII PACTPOBOM CETKU SIBJISIETCS CBSI3HOCTH -
BO3MOXXHOCTh COCIMHEHHUS JBYX TIIMKCEJIIOB pAacTpOBON JIMHUEH, TO €CTh
nocjea0BaTeIbHBIM HaO0oOpoM mukcenoB. [Ipu 3TOM BO3HHMKaeT BOIPOC, KOrja
MUKCENbI (X, V1) U (X3, Y2) MOKHO CUYUTATh COCETHUMH.

BBoauTcs 1Ba mOHSTHS CBSI3HOCTH:

e 4-CBS3HOCThb, KOTJa IMHMKCEIBl CYHUTAIOTCSI COCCIHHUMHM, €CIU JIU00 UX X-
KOOPJIMHATHI, TUOO Y-KOOPAUHATHI OTJIMYAIOTCS HA €IUHUILY, TO €CTh
X1 - Xo| +[y1 - yo| <1,

e 8-CBSI3HOCTb, KOTJa MHUKCEJIbl CUUTAIOTCS COCEIHHMH, €CIIM UX X- U Y-
KOOPAWHATHI OTINYAIOTCS HEe 00Jiee YeM Ha €IUHUILY, TO €CTh
X1 - Xo|<1, |y - yo| £1.

ITousatue 4-CBSI3HOCTH SIBISIETCS OO0Jiee CHIBHBIM,
YyeM &-CBSA3HOCTH: JIFOObIE JBa 4-CBSI3HBIX ITHMKCEa
SIBJISIFOTCSL U 8-CBSI3BHBIMU, HO HE HA000poT (puc.1). g

Tak kak MOHATHE JIMHUM 0a3upyeTcs Ha MOHSATHUU
CBSI3HOCTH, TO €CTECTBEHHBIM O00pa3oM BO3HHUKAET
noHsiTue 4- U 8-cBA3HBIX JUHUU. [Ipum 3TOM HYXHO
UMETh B BHJy, YTO PAcCTPOBOE MpeEACTaBIeHUE 00BEKTa Puc.1.
HE SIBJSIETCS €AMHCTBEHHBIM M BO3MOXKHBI Pa3IUYHBIC
CIIOCOOBI TTIOCTPOCHHUSI.

PacTpoBoe npeacrasiieHHe 0TpPe3Ka

PaccmoTpum  3amady  MOCTPOEHUS PacTpPOBOrO HM300paKEHUS OTPE3Ka,
COCIMHSIIOIIETO TOUKH (X1, V1) U (X2, Y2). JJ1st MpOCTOTHI OyZIeM CUUTATh, YTO
0= Y2— V1 < Xo- X

Toraa oTpe30K OMUCHIBACTCSA CICAYIONIUM YPAaBHEHUEM:



y=yl+%(x—xl),

) T X

wm y=kx+b.

€ [XI,XZ],

[Ipocreimmii anropuT™M pacTpoOBOIro IIPEACTABICHNUS OTPE3Ka UMEET BU:

(o )

x1,y1,x2,y2

k=(y2-y1)/(x2-x1)
b=yl-k*x1

< x=x1...x2, x++ >

putpix(x,round( k*x + b ))

v

(e )

Aaroputm bpe3enxeiima

Hcnonb3yst peKyppeHTHOE COOTHOUIEHWE Jisi BBIYMCIECHUS VY, MOXHO
YOPOCTUTh (PYHKIUIO, OJHAKO OSTO HE YCTPAHSIET OCHOBHO20 HeOOCmamKa
aneopumma — UCNOIb308AHUS GEUJECTNEEHHBIX GbIYUCTeHUti Il padoThl Ha

LEJIOUYUCIIEHHON PEIIETKE.

B 1965 romy bpesenxelimom ObLI
MPEJIOKEH MPOCTOMN LIEJIOYHCIICHHBIN
QITOPUTM  JUIsl  PacTpPOBOrO  ITOCTPOEHUS
OTpe3Ka, IEPBOHAYAIBHO NpEIHAa3HAYCHHBIN
JUISL KCTIOJIb30BaHUSA B Ipa)OnOCTPOUTENISIX.

IIpn IIOCTPOEHUU pacTpoBOro
N300paXkKeHMsl OTpe3Ka BCerjga BbIOMpAETCs
OJIMKANUIINI 10 BEPTUKAIIN TUKCEIL.

[Ipu sTom u3 nByx Touek A u B (puc.2)
BbIOMpaeTcs Ta, KOTopas OJMKe K MCXOJHOU
npsiMOH (B TAHHOM CJIy4ae BBHIOMpAETCsl TOUKa
A, Tak xak a < b). [list 3TOr0 BBOAUTCS YUCIIO
d:(X2 - Xl)(b - a).

Puc. 2.

B ciiydae d > 0 3HadeHue y ot npeaplayiieil Touku yBenuuuBaerca Ha 1, a d -
Ha 2(Ay-Ax). B mpoTuBHOM ciyyae 3Hau€HUE y HE U3MEHsETCs, a 3HaueHue d 3a-

MeHsieTcs Ha 2Ay.

biok-cxema IMPUBCACHHOI'O AJIrOPUTMa NPCACTABIICHA HHUIKC.

10



(e )

I
x1,y1,x2,y2
I
dx=x2 - x1;
dy=y2-yl;

d =(dy<<1)-dx;
d2=(dy-dx)<<1
y=yl

I

putpix(x1, y1)

4><:(x1+1). .I.x2, x++>

Ja
d=d+d2;y=y+1 d =d +d1

< |

putpix(x,y)
v

(e )

[TpuBeneHHas cxemMa paboTaeT NIpU BBINOJIHEHUH yciioBuid: 0 <=y2 - yl <=
x2 - x1.

OO6mwii cayyail MPOU3BOJIBHOTO OTPE3Ka JIETKO CBOJUTCS K pACCMOTPEHHOMY
BBIIIE, CJIEAYET TOJBKO HWMEThb B BHUIY, 4YTO MpPU BBHINOJIHEHUU HEPABEHCTBA
|Ay| > |AX| HE0OX0IUMO MTOMEHATH MECTAMU X U Y.

ITocTpoeHue OKPYKHOCTH.

2 2 2
[TocTpoeHue okpyKkHOCTH He cioXkHO. OcHOBHOE ypaBHeHHEe Y = R™ - X°.
ANTOpUTM UMEET BU!

11



(o)

X=0 Y=R

a
Y=Round(Sqrt(R*R-X)
|
putpix(X, y)

X=X+1

|
\ 4

(e )

IlocTpoeHue OKPY:KHOCTH MeTOIOM XapaeHOypra.

B nmanHom meroae MCHoONb3yeTcs MPUPAICHHE K BO3BOAUMBIM B KBaJpaT
AJIEMEHTaM, 4TOOBI CKa3aTh KOT/Ia MOopa MEPEeXOAWTh Ha CIEAYIONIYI0 TOYKY IO
HeoCcHOBHOH ocu. T.e. OTcIexKHBaeTcs Tekymee coctosuue Y- u (R:-XY) u
JEKPEMEHTUPYETCS OJMH MUKCENb 10 OCU Y, KaK TOJbKO Y”2 CTAaHOBUTCS MEHBIIIE
WJIA PaBHOM R*>-X7.

[ouemy 510 yno6HO? 3Has R*-X* B HAUaIbHOMN TOUKE, B KAXKIOH CIeIyOMei
TOYKE 3TO 3HAUCHHE BBIUUCIISIETCSI OYEHB TPOCTO

RO -[X*+2%X+1].

Brruuras u3 nocieaneit Gopmysibl IPEeANOCIEIHIO, Mbl TTOJIYYUM 3HAYEHUE
o Ocu Y IS CJIEAYIOLIErO 3HAYEHHMS MO OCU X 3Has MPEAbIIyliee 3HAYEHUE 10
ocu Y.

12



HayvalJio

W.

X=0 Y=R Yn=R*R

HET

;

Ia
X=X+1
|
putpix(X, Y)
I
Yi=(Y-0,5)* (Y-0,5)
Yn=Yn-(2¥X +1)

HECT ¢

Ja
Y=Y-1

KOHEII

'<

ANTOPUTM BBITIONHSAET MOCTpoeHue 1/8 OKPYKHOCTH, T.€. O TOTO Kak X
CTaHeT paBHbIM Y. Jlamee uaeT CUMMETPUYHOE OTPAXKEHUE JI MOJIHOrO BBIBOJIA
OKPY>KHOCTH.

ITocTpoeHnne okpy:kHOCTH MeTOI0M bpe3enxema.

Jlist o060 3aJaHHOW TOYKM Ha OKPY>KHOCTH TMPU T'E€HEpALMHM 10 4acoBOM
CTpEJIKE CYIIECTBYET TOJBKO TPHU BO3MOXHOCTH BBIOOpA CIIEQYIOLIErO MHKCENa,
HaWIy4IlleM CIIOCOO0M NPHUOIMKAIOLIETO OKPY>KHOCTh: TOPU3OHTAJIBLHO BIIPABO, 110
JMaroHajy BHU3 U BIPaBO, BEPTUKAJIBLHO BHU3. DTH HAIIPABIICHUSA:

|(X+1)+Y*-R’|
[(X+1)Y+(Y-1)-R*|
| X>+ (Y -1)-R?|

KpI/ITepI/ICM OLICHKU HaI/I60JI€e NOoAXOaACTO M3 TPCX BAPHUAHTOB CIIYKUT
Pa3HOCTb MCKAY KBaJpaTaMH paCCTOHHI/Iﬁ OT MNIOCHTpa OKpPYXHOCTH 10
nuaroHanabHoTo Tukcena ( X+1, Y-1 ) u oT neHTpa 10 TOYKH Ha OKPY>KHOCTH R*:

Delta=(X+ 1) +(Y+1)-R?

13



R
I
Xi=0
Yi=R

Delta = 2*(1-R);

putpix(x, y)

v

a

HET
T e
HET

nia
Sigma=2*Delta+2*Xi- 1 Sigma=2*Delta+2*Xi- 1
o -
HET HET
Xi=Xi+1 Xi=Xi+1 Yi=Yi-1
Delta=Delta-2*Xi+1 Yi=Yi-1 Delta=Delta-2*Yi+1

Delta=Delta+2*Xi-2*Yi+2
[

3. BAPUAHTBI 3AJIAHUIA.

[Iporpamma, HamcaHHas B X0j1€ JJaOOpaTOPHOU pabOThI JOJIKHA OTOOpaxaTh
YBEJIMYCHHYIO CETKY NHUKCeNIoB. JleMoHCTpanus paboThl pacTpOBOrO0 METOMA
JOJDKHA TIPOM3BOJUTHCS Ha AToM cerke. HeoOGxomumo mpemycMoTpeTh
BO3MO>KHOCTb MOIIIATOBOI0 MMOCTPOEHUS pacTpa.

NunuBuayanbHOEe  3ajaHuE  ONpeAessieTcs JUisl  KaXkIoro  CTyAEeHTa
MpenoaaBaTeieM.

Tabmn.3.
Ne BapnanTa [IpumuTHB Meton
1 orpe3ok A(0,0)-B(10,5) | mnpsmoe noctpoeHue
2 orpe3ok A(10,1)-B(5,0) | mnpsmoe moctpoeHue
3 otrpe3ok A(0,0)-B(10,5) bpeszenxeiima
4 orpe3ok A(10,1)-B(5,0) bpezenxelima
5 okpyxkHocTh O(0,0) R=5 | mnpsamoe noctpoeHue
6 okpyxkHocTh O(0,0) R=5 Bbpeszenxeiima
7 okpyxkHOCTh O(0,0) R=5 XapaeHOypra
8 okpyxkHocTh O(3,3) R=3 | mnpsmoe nocrpoeHue
9 okpyxkHOoCTh O(3,3) R=3 bpeszenxelima
10 okpyxkHOocTh O(3,3) R=3 XapaenOypra

14



4. HOPAJOK BBIIIOJHEHUA PABOTBI U METOAWYECKHUE

PEKOMEHJIALIUMN.

Omnwucarb MeTOIbI POPMBI, OTOOpAXKAIOLIME HA HEW CETKY.

CocTaBuTh W  OTIQAWTHh  MOANPOTPaMMYy  TOCTPOCHHUS  PacTPOBOIO
U300paKEHUS.

Ob6ecreunTh BO3MOXKHOCTD TOMIArOBOTO TIOCTPOCHHUSI.

OTBETUTH Ha KOHTPOJIbHBIE BOMPOCHI.

5. YKAZAHUA 110 OPOPMJIEHHUIO OTUETA.

Kaxnp1it cTyaeHT oQopMIiIsieT oT4eT, KOTOPBIA TOJKEH CONEepPKaTh:
IIOCTAaHOBKY 3a1a4H;

AITOPUTMBI PELICHHUS 3a1a4H;

TEKCThI pacIevyaToOK IpOorpaMmM;

NepeYeHb M XapaKTepUCTUKY OIIMOOK, JOMYyUIEHHBIX B MpOLECcCce
IIPOXOK/ICHUS 3a/1aHHUS;

OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

K cocraBieHHbBIM mporpamMmaMm cienyeT JaTh TaOJIMIly MCIIOIb30BaHHbBIX

HNMCH IICPECMCHHbIX.

6. KOHTPOJIBHBIE BOITPOCHI.

1. YUto Ha3bIBaeTcs pacTpom?

2. [Touemy BO3HMKAET HEOOXOAUMOCTh PACTPOBBIX AITOPUTMOB?

3. [IpuBenute n3BecTHHIC BaMm anropuT™Mbl pacTpoBOii rpaduKy.

4. Kakoil ypoBeHb peanu3anuu Tpaduku MPEeANOYTUTEIbHEE anmapaTHbIA WA
nporpaMmMuslii? [louemy?

15



JNlabopaTopHas pabota Ne3

Cosnanue TpEXMEPHBIX MOJICTICH JIJI TaJIbHEHIIEeTro MPOBEACHUS
VH)XEHEPHOT'0 aHAJIN3a U3AECTIHS.

Hob6aeneHue pasmepos.

B SolidWorks reo6s3amensno BBOguTh pa3zMepsl Ha SCKU3E 0 TOTO, KaK OHU
OyAyT HCIIOJIb30BaHbI JUIsl CO3AaHUsA 3JeMeHTOB. OIHAaKo B JaHHOM IMpUMeEpe
ceiyac 100aBIAIOTCA pa3sMepbl sl MOJHOro ompeneneHus 3ckuza. llocne
N00aBJIEHHs Pa3MEPOB B 3CKU3 COCTOSIHME 3CKHU3a MOSBUTCS B CTPOKE COCTOSHUA.
Bce ackuzbr SolidWorks MoryT OBITH peACTaBIEHBI B OJHOM U3 TPEX COCTOSTHUU.
Kaxnoe cocrosinue 0003HavaeTcs Apyrum LBETOM:

¢ B noanocmvio onpeodenennom 3CKU3E TOJNOXKEHHUS BCEX OOBEKTOB
IIOJIHOCTBIO OIMCAHBI C ITOMOIIBIO Pa3MEPOB MIIM B3aUMOCBS3EH, WM TEX
U Jpyrux OJHOBPEMEHHO. B Takom scku3e Bce OOBEKTHI IOKA3aHBI
YepHbIM LIBETOM.
¢ B nedoonpeoenennom >ckuze ISl MOJHOTO YKa3aHUS I€OMETPHUH
TpeOyIOTCsl JOMOJIHUTENbHBIE pa3Mepbl WM B3aUMOCB3M. B 3TOM
COCTOSTHUM MOKHO TE€pPETaCKUBATh HEIAOOMNPEICICHHbIE O0BEKTHI ICKU3a
JUIs  U3MEeHeHWs 3cku3a. HenmoompeneneHHble  OOBEKTHI  3CKH3a
NOKAa3bIBAKOTCS CUHUM LBETOM.
¢ B nepeonpeoenennom 3cku3ze OOBEKT COAEPKHUT IMPOTUBOPEUUBHIE
pa3Mepbl WM B3aUMOCBSI3M, WIM T€ U JPYyrUue OJHOBPEMEHHO.
[lepeonpeneneHHbie 00bEKTHI ICKHU3a OKA3bIBAIOTCS KPACHBIM IIBETOM.
1. Beibepute MWucTrpymentbl, Ilapamerpnl. Ha Bkimanke Hacrpoiiku
noJib3oBarensi BeiOepute QOmIme, 3aTeM OTKIIOYUTE HapaMmerp BBecTn
3HaueHune pazmepa. Haxmure OK.

2. Haxmure KHOIIKY Pa3mep Ha maHenu MHCTPYMEHTOB “B3anMOCBs3H
acku3za” wuinu BblOepute WMHceTpymenTsl, Pasmepsni, I[lapasuienbHbie.

VYka3zarenab NpUHUMAET CIAEAYIONIY0 popMy jﬁj}

Rs,

3. HaxxmMuTe Ha BEpXHIOI KPOMKY IPSIMOYIOJBHHKA, 3aTEM HaXXMUTE B TOM
MecTe, Tae TpeOyeTcss HaHecTH pa3mep. L[BeT BepTukanbHOW JMHUU CIIpaBa
U3MEHWICS C CUHEr0 Ha YEpHbIA. YKa3aHUEM pa3Mmepa JUIMHBI BEpPXHEH
CTOPOHBI MPSIMOYIOJIbHMKA OBUIO IIOJHOCTBIO OIPEIEIIEHO IOJIOKEHHE
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CaMoro IpaBoro cerMeHTa. TeM He MEHee, MOKHO MEPETACKUBATh BEPXHUM
CErMEHT BBEPX M BHU3. Ero CMHUI IBET 03HAYAET, YTO OH HEJAOOMIPEICIICH.

4. Haxxmute Ha mpaByl0 CTOPOHY MPAMOYTOJIbHUKA, 3aTEM HAXMUTE, YTOOBI
HAHECTH €€ pa3Mep. BepXHUM CErMEHT U OCTAaBIIMECS BEPIIMHBI CTAHOBITCS
YEepHBIMU. B CTpOKE COCTOSAHUA B MPABOM HUKHEM YTy OKHA YKa3bIBAETCH,
YTO 3CKU3 MOJHOCTHIO ONPEIEIICH.

U3meHeHue 3Ha4YeHull pasmepos.
JIns1 u3MEHEHUs pa3MEPOB UCIIOJIb3YETCsI UHCTPYMEHT Pa3mepsil.

¢ JIBaXKIpl HAXXMUTE HA OAUH U3 pa3MepoB. 110ABUTCS AUamoroBoe OKHO
HN3MenuTs. Texkynui pa3Mep BbIICIIEH.

4 2reHUTE

|1EI]_I]I]h1m

2k
-
]

e D v

¢ Beenute 120MM, 3aTeM HOXKMUTE j Pa3mep Ha 3CKU3Ee UBMEHUTCA
B COOTBETCTBUM C HOBBIM pa3MEpOM. 3HAYCHHE pa3Mepa Tenepb
coctaBiigeT 120 mm.

¢ Haxmure KHONKY N3MeHuTs B pa3Mep 3KpaHa Ha IaHEIU
UHCTpYMEHTOB “Buja 7 wim Haxkmure knaBumy f, wim BeiOepute Bun,
N3mennts, U3MeHuTHL B pa3mep 3KpaHa, 4yTOObl OTOOpa3uTh BECh
NPSAMOYTOJBHUK B TOJHBIA pa3Mep M PA3MECTUTh €ro IO LEHTPY B
rpaduyeckoit 001acTH.

¢ JIBaxJIpl HAXKMUTE HA IPYroM pa3Mep U BBeauTe 3HaUeHue 120MM.

¢ Haxmure KHONIKY N3MeHuTH B pasMep 3KpaHa €uie pa3 Ajis
pa3MenIeHus 3CKu3a LEHTPY.

Bbimsi)kka oCHO8aHUSI.

HepBBIfI 3JIEMEHT B JIFOOOH ACTAaJIM HA3bIBACTCA OCHOBAHUEM. OTOT BJIEMEHT
CO3AaCTCA IIYTCM BLITAKKH HAPHUCOBAHHOI'O IIPAMOYI'OJIBHHUKA.

1. Haxxmute KHONKY BoiTsHyTasi 000bIIIKA /OCHOBAaHME Ha TAHEIH
UHCTPYMEHTOB “OneMeHThl ~ wunu BbiOepute BeraBka, (OcHoBaHme,
BeiTsanyTs. IlosiBurcst  auanoroBoe okHO  OcHoBaHMe-BBITAHYTH
PropertyManager (MeHnemxepa CBOMCTB) Ha JIEBOM IMAaHENH, a BUJI ICKU3A
OyJeT MmoKka3aH B U30METPHHU.

2. B okne rpynmnsl Hanmpasyienue 1 BBINOJIHUTE CIECIYIONIUE ONEPALIUN:
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¢ VYcranosute mia napamerpa I'panuyHoe yciaoBue 3HaueHue Ha

3a/IaHHOE PACCTOSIHHE.

¢ VYcranoBute I'yOomHy "/Ei'; , paBHylo 30MM. YUTOOBI yBETUYHTH
3HaYCHWE WCIONB3YyWTe CTPEIKM WM BBeaAuTe 3HadeHwe. [lpu
HCIIOJB30BAaHUM  CTPEJIOK B rpaduyeckol  0o0JacTh  MOSBIAETCS
peBapUTEIbHBIA BUJI TTOTy4YEHHOTO PE3yJIbTaTa.

/ 290 JCKN3

i | o

p

3. Haxxmure t:} OK mi1a co3gaHus BBITSDKKA. HOBBIM  DJIEMEHT
OcHoBaHue-BbITAHYTh  TOSIBUTCS B JIepeBE€  KOHCTPYUPOBAHUS
FeatureManager.

4. Ecnu TpebyeTcss M3MEHUTh MacIiTad, YToObl 0TOOPa3UTh MOJENb IIETHUKOM,
Haxmute Z st ymenbienus uinu Shift+Z nyis yBenndenus.

18



5. Haxmure Ha 3HaK muiroca psgom c 3amuchio Base-Extrude (OcnoBanue-
BoITsiHYyTB) B iepeBe KoHcTpyupoBaHusi FeatureManager. Sketchl (Jcku3
1), KOTOpBIN KCIONB30BAICS ISl BBITSDKKU 3JIEMEHTA, Ternepb OTOOpakeH
0] JAHHBIM JIEMEHTOM.

% Fart1

HaxmuTe lil Mpiraey & HUS

30echb B4 Doeewenqe
k'*-\ Crepeowm
Ceepry
\\ Crpaea

I_, MoxogHaa Todka

a UoHosanme-Bemanyre

CoxpaHeHue demanu.

1. Haxxmute xHOnky CoOXpaHMTBh Ha MaHeIu MUHCTpyMEeHTOB “CraHmapTHas ~
win BbiOepute @aiyi, Coxpanuth. IlosiBUTCS nMasoroBoe OKHO
CoxpaHuTh Kak.

2. Beenute Tutorl m Haxxmure kHonky Coxpanutb. Pacmmpenue .sldprt
no0aBuTCs K UMeHHU (aiina, u ¢daia OyJaeT COXpaHeH B TEKYIIEM KaTajiaore.
UtoOsl coxpaHuTh (haiiyl B APYyroM KaTajore, UCHOJIb3YHTE KHOMKY 0030pa
Windows jy1s yka3zaHus KaTajiora, 3aTeM COXpaHHUTe (aii.

B nmenax (aiisioB He yUUTHIBA€TCS COCTOSIHUE PETUCTPA.

6. KOHTPOJIBHBIE BOITPOCHI.
1. YTto mpoucXoAauT C MOAENBIO JAETAIW NMPU M3MEHEHUU Pa3MEpPOB B MPOIECCE
paboThI?
2. IIlpuBenuTe npuUMeEp 3JIEMEHTOB, UCIIOIB3YIOIIUXCS MIPU IIOCTPOEHUHN 3-MEPHOU
MoJiean’?
3. Kakoii 3cku3 siBIIsSIETCA NEPEONPEACIEHHBIM?
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. COopka — 3TO y3ell, COCTOSAIIMNA U3 JIBYX WK Oojiee AeTajeil, Ha3bIBaeMbIX
TaKke KOMIOHEHTaMH, B ojHOM JjokymeHTe SolidWorks. Pacnonoxxenue wu
OpHCHTAIUsS KOMITOHEHTOB 3aJacTCs C TIOMOIILI0 comnpspkeHur. ComnpspKeHHs
00pa3yroT B3aUMOCBS3U MEXITY TPaHSIMH U KPOMKaMU KOMITIOHCHTOB.

Co30aHue ocHoeaHus

Jlns Toro droOBI CO34aTh OCHOBAHUE JJII HOBOW JCTalM, MOXHO
BOCIIOJIb30BaThCSA METOJIaMH, UCTI0JIb30BABIIMMUCS B MPEABIAYIIEH padoTe.
1. OTkpoliTe HOBYIO JI€TAJIb.

2. Haxmurte KHOMKY JCKM3 Y HApUCYUTE NPSMOYTOJIbHUK, HAaYWHasA C
UCXOIHON TOUKH.

3. Haxxmure kHOonky Pasmep U YKOKUTE pasMep MpsSMOYIOJIbHUKA,
paBHbIi 120 x 120 MM.

4. Haxxmute KHONKY BbITsiHyTasi 000bIlIKa/OCHOBaHUE U BBITSIHUTE
IPSIMOYTOJIBHUK, YCTAHOBHMB B mapaMerpe I'paHM4HOe ycja0BHe 3HaucHUE

)
Ha 3agannoe paccrosinme, Ha I'iyOuny 90 mm ¥01

5. Haxwmute xHonky CkpyriieHue JUISL CKPYTJICHUS YEThIpEX MOKa3aHHBIX
KPOMOK ¢ paguycoM 10 mm.

6. Haxmure kHomky Q0o0Ji0uka . B kadectBe rpaHM WIS ynaleHUs
BBIOCpUTE iUy eqyto TPaHb MOJIeNd U ycTaHoBUTE Toammuny 4 M.

7. Coxpanute gaetanb kak Tutor2. (K wumenu ¢aitna Oynmer mobGaBieHO
pacupenue .sldprt.)

Co30aHue ebicmyna Ha 0emanu

B »tom pasmene Uit co3laHus  TEOMETPUU  ICKH3a  HMCIOJB3YIOTCS
uHctpymMeHThl IIpeoOpa3oBanue 00bekTOB U CMmelieHHe 00bEKTOB. 3aTeM C
MOMOIIIBIO BBIPE3a CO3/1a€TCS BHICTYT JJIsi TPUCOCTUHEHHUS JICTANIH.

@

1. Haxmute KHONKY YBeJWYHUTH JJEMEHT BH/A uiu BeIOepuTe Bua,
N3MeHuTh, YBEJNYNTH JIEMEHT BH/AA, A 3aTEM C TIOMOINILIO MBI BEIOEPUTE
yIroJ JeTajid, KaKk Moka3aHo. HaxxmuTe KHONKY YBeJIMYHMTH 3JIEMEHT BHAA
erie pas, YTOObI BBIKITFOYUTH HHCTPYMEHT.

Yyl
AL

e "-.-.___ -."'--____
ol . -
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2. BpiOepuTe TOHKYIO CTEHKY Ha JMLEBON TpaHW JETAIH U HAXXKMHUTE KHOIKY
JCKM3 7151 OTKPBITUSA 3cKn3a. KpoMKy rpaHu AeTanu BBICBEUMBAKOTCS.

3. Haxwmute xHonky IlpeoOpa3soBanue 00beKTOB Ha TMTaHEJIM UHCTPYMEHTOB
— “UucrpymenTsl 3cku3a” uinn BolOeputre MHcTpymeHThl, MHCTPYMEHTHI
ckm3a, [lpeodpaszoBanue 00bekTOB. HapyxkHble KPOMKU BBIOpAaHHOUM I'paHH
IPOEUUPYIOTCS (KOMUPYIOTCS) HA IIIOCKOCTh 3CKU3a B BUJIC JIMHUH M IYT.

4. HaxmuTe CHOBA Ha JIMLEBYIO IPAHb.

5. Haxmure kHonky CMemieHue 00bEKTOB Ha IIAHEJIW WHCTPYMEHTOB —
“UucTtpyMenTsl 3cku3a” wid Bbloepute HHcTpymMeHTbl, MHCTpyMeHTBI
3cKku3a, Cmelenne 00beKTOB.

6. Ycranoure Paccrosinme cmemenusi, paBHoe 2 wmM. I[lpeaBapurenbHbIN
MIPOCMOTP MOKA3bIBAECT CMEIICHUE, BHIIBUHYTOE HAPYKY.

7. Bwibepute mapametp PeBepc, 4TOOB H3MEHUTH HAIIPaBICHUE CMEIICHMS.
8. Haxmure OK .

B »scku3 nmobGaBnsercs psii JIUHHUM, CMEHICHHBIX OT HapyKHOH KPOMKH
BbIOpaHHOW TpaHW HAa 2 MM. DTO COOTHOIICHHE COXPAHSIETCS, €CIId HU3MEHSIOTCS
VCXOJIHBIE KDOMKHU.

9. Haxwmute kxHomky BbITAHYTBIH BbIpe3 win Bbioepute BeraBka, Bbipes,
BbITSAHYTB.

10. B oxne rpynnsl Hanpaienue 1 ycranosute I'myOuny, paBHyto 30 mMm, u
Haxmute OK. Marepuan Mexay JIByMs JIMHMSIMH BBbIpe3aeTcsi, 00pasys
BBICTYII.
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UN3meHeHue yeema demanu
[{BeT 1 BHEMIHMM BUJ JE€TAIA WA €€ JIEMEHTOB MOYKHO U3MEHSITh.

L.

oY)

4.
S.

Haxwmure 3Havoxk Tutor2 B BepxHEW YacTH JepeBa KOHCTPYUPOBAHUS
FeatureManager.

Haxxmute kHONIKY 3aKkpacuTh '.

. Haxxmute KHOIIKY PeﬂaKTI/IPOBaTB IOBCT Ha IMaHCIW  HHCTPYMCHTOB

“CranpaprHas”. [losBuTCs AManoroBoe okHO PerakTHpoBaTh LBET .
BriOepute B nasiitpe HykHbIi 1BeT U Haxxmute OK.
Coxpanurte netaib.

Co30aHue cbopku
Temnepb MOXHO CO371aTh COOPKY, UCIIOJIB3YS JBE JIETaJIH.

1.

2.

Eciu ¢aiin Tutorl.sldprt eme He OTKpbIT, HaxXmMuTe KHONKY OTKpBITH Ha
NaHelu UHCTPYMEHTOB “CTanaapTHas’ U OTKPOUTE €ro.

Haxmure knonky Co3pars Ha mnaHenu HMHCTpyMeHTOB “CranmaprHas’”.
[TosBuTcsa nuanoroBoe okHO HoBblit 1okymeHT SolidWorks.

. BriGepute Briagky YdyeOHoe mocodre, HaXXMUTE HA 3HAYOK COOPKHU U HAKMUTE

OK.

Bribepute OxHo, OTOOpPa3uTHL OKHA CBEPXY BHH3, YTOOBI BHIBECTU HA DKpaH
BCE TP OKHA. 3aKpOMITE JIMIIHUE OKHA.

Ileperamnre 3Hayoxk Tutorl ¢ BepmmMHBI JepeBa KOHCTPYUPOBAHUS
FeatureManager Tutorl.sldprt B nepeBo koHcTpyupoBanusi FeatureManager
B okHe cOopku (Asseml). Ilpu moOGaBrmeHum aetamu B COOPKY MOJO0OHBIM
o0pa3oM B JeTanu aBTOMAaTUYeCKH (POpMHUpYyeTCs HMCXOAHAs TOYKa COOPKH.
Korna gerans popMupyeT HCXOAHYIO TOUKY COOPKH:

® UCXOAHAs TOYKA JIETAIN COBMAAAET C HCXOIHON TOUKOU COOPKH;

® IUIOCKOCTH JIeTaJId U COOpKa BBIPOBHEHBI 110 OTHOILIEHUIO JPYT K IPYTY.
[Teperammre 3nauok Tutor2 w3 Tutor2.sldprt B rpadmueckyro obimacTe OkHa
cOOpKH, TOMECTHUB €ro psAaoM ¢ Aetanbio Tutorl.
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7. Coxpanute coopky kak Tutor. (K numenu ¢aiina Oyaer 106aBieHo paciipeHne
.sldasm.) Ilpu mnosiBIEHUH COOOILIEHUS O COXPAHEHHWU COOTBETCTBYIOIIMX
JIOKYMEHTOB Haxxmute Jla.

8. IloTstHuTE 3a yroy okHa co COOPKOM, UTOOBI YBEJIIMUUTH €70, UM HAXKXMUTE Ha
3HauoK Pa3BepHYTH B MPaBOM BEPXHEM YTy, YTOOBI pa3BepHYTh OKHO BO BECh
skpaH. Jlasiee HeT HEOOXOAMMOCTHU COXpaHATh Ha BUAY OkHa Tutorl.sldprt u
Tutor2.sldprt.

9. HaxwmuTte kHOTIKY U3MeHUTD B pa3Mep dKpaHa.

ConpsixkeHUe KOMMOHEeHMoea

B stom pasnene ompenensitoTcs B3aMMOCBS3H COMPSDKEHUS KOMIIOHEHTOB B
cOopke, Oarogapss KOTOPbIM OHU POBHO M TOYHO MOATOHSIOTCS IPYT K APYTY.

1. Haxwmure xkHonky M3omerpust Ha MaHEeJM UHCTPYMEHTOB “CTaHgapTHbIE
BHABI”.

2. Haxwmure kHonky Conpsikenue Ha MMaHeJu UHCTpYMEeHTOB “Coopka” uiu
BbIOepuTe BeraBka, ConpsizkeHue.

3. Haxxmutre Ha BepxHior0 KpoMmKky Tutorl, 3aTeM HaXMHTE Ha BEpXHIOIO
HapyXHYI0 KpOoMKY BbicTyna Tutor2. Kpomku nosiBiisitores B crrcke Q0beKThI

JJIS1 COMPSIKEHU ST @
4. B oxHe rpynnsl HacTpoiiky conpsikeHus BBITOJHUTE CIAEAYIOIINE ONEpaIiu:

e B kauecTBe TuMa comnpsbkeHus Beioepute CoBnajaenue '.
e BriGepute MakcumMajabHO OJM3K0 I mapaMmerpa BbIpOBHATH
CONPSIZKEHUH.
5. Haxwmure IlpenBapuresibHbI NPOCMOTP Ui MPOCMOTPA COMPSIKEHUS.
BriOpaHHbIe KPOMKH ABYX KOMIIOHEHTOB COBMAAAlOT.
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6. Haxmure OK .

[Tonmosxenne kommoHeHTa Tutor2 B cOOpKe MOTHOCTHIO €Ie HE OMpeAeIieHo,
KaKk mokasbiBaeT mnpedukc (-) B gepeBe koHcTpyupoBanusi FeatureManager.
Tutor2 Bce ele HMEET HEKOTOPYIO CTENEHb CBOOOJBI MEpPEeMEIIECHUs IO
HaMpaBlIEHUSIM, KOTOPHIE TIOKA HE TIOJYMHEHBI B3aUMOCBSI3SIM COTIPSKEHUS.

1. Haxwmure kHonky IlepeMecTHTh KOMIIOHEHT '.
2. BwiGepute xommoHeHT Tutor2, HaXMUTE W YIAEPKUBANTE JIEBYIO KHOIKY
MBIIIH.

3. [lompoOyiiTe mnepeMecTUTh KOMIIOHEHT B pa3Hble CTOPOHBI, YTOOBI
ONpENEINTh HWMEIOIIMECS CTENEeHU CBOOOJBI, a 3aTEM OTIYCTHUTE JIEBYIO
KHOIIKY MBIIIIH.

4. Haxwmute xkHomky IlepemecTUTh KOMIOHEHT €IIl¢ pa3, 4TOOBI BBHIUTH W3
pe)KHrMa MEPEMELLCHHUS.

Job6aenernue conpsikeHull

1. BriOepute KpaiiHIOIO MPaByIO T'PaHb KOMIOHEHTA, 3aT€EM HAXKMHUTE KIJIABUIIY
Ctrl u BeIOEpUTE COOTBETCTBYIOIIYIO I'PaHb B IPYTOM KOMITOHEHTE.

Bri6epure 311 rpanu

Haxxmure knonky ConpsizxeHue.

Bribepute CoBnagenue u MakcuMaabHO 0JIM3KO.

Haxxmute IlpenBaputebHbIA MPOCMOTP JIJIs MPOCMOTPA COMPSIKEHUS.
Haxxmute OK .

[ToBTOpuTe miaru ¢ 1 mo 5, BeIOMpasi BEepXHHUE TpaHU OOOUX KOMITOHEHTOB,
TU1st fo0aByeHus Apyroro conpsikenus CoBnaaeHmue.

SRSl
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7. Coxpanute cOOpKY.

3. BAPUAHTHI 3AJIAHUM.

B pesynbrare BBINOJHEHHUs JAaHHOM pabOThl JOJDKHA OBITH CO3/aHa
TpeXMepHass MOZAENb AeTaId. VHIWBUAYAIbHBIM BapHaHT AETAIA ONPENEISETCS
IIPENOAABATENEM IS KAJKJIOTO CTYIECHTA.

4. HNOPAJOK BBINIOJHEHUSA PABOTBI U METOAWYECKHUE
PEKOMEHJALINUN.

— OnwucaTe alNropuT™ Co3/1aHus 3-MEpHOU COOPKH;

— VYKa3zaTb 3JI€eMEHTbI, COCTaBIISIIOIINE COOPKY, B OPAJKE UX CO3JaHMUS.

— Ilepeuncnauts onepanuu, KOTOpble HEOOXOIUMO OCYIIECTBUTH AJIs CO3aHUS
cOOpKHU.

— OTBETUTH HA KOHTPOJIbHBIE BOIPOCHI.
5. YKA3AHMUA 110 OPOPMJUIEHUIO OTYETA.
Kaxxnp1it cTyieHT oopMIIsIeT OTYET, KOTOPBIHA TOJKEH CONepKaTh:

— WHIWBHUYaJbHOE 33/I1aHUE;

— AJropuT™M, OTpa)arolIUi MOCIENOBATENbHBIE ATAllbl CO3JaHUS 3-MEpPHOI
cOopKH;

— MepeYeHb U  XapaKTEPUCTHKY OIIMOOK, JIONYIIEHHBIX B  IpoLecce

IIPOXOXKACHUS 3a0aHU;

— OTBETHI HA KOHTPOJIBHBIE BOMPOCHI.

6. KOHTPOJIBHBIE BOITPOCHBI.

1. UTO mpOoUCXOAUT C TPEXMEPHOM COOPKOM MPU U3MEHEHUH Pa3MEPOB BXOSIINX
B He€ JieTalieil B mpoliecce padoThI?
2. Kakue BUJIBI COTIPSIKEHUSI MOTYT OBITH BEIOpAHBI MPU CO3J]aHUU COOPKU?

25



JlabopatopHasa paboTta Ne4

Pabota ¢ anementamu u aeraynsimu. Pabota co coopkamu. Co3znanue u
0(OPMIICHUE YEPTEIKCH.
1. HEJIb PABOTHBI.
Ienbro qaHHOM PaOOTHI SABIISCTC:
— MpuoOpeTeHrne HaBBIKOB MHXKEHEPHOTOo pacuéta cpeactBamu SolidWorks;
— 3aKpervieHUe HaBbIKOB B paboThl B cucteme SolidWorks;

[IpumepoM MOXET CHOYKHUTh 3a7ada pa3padOTKU M HUCIBITAHUS B CXKAThIC
cpoku HoBoro rupokoopauHatopa (I'K) yBemnmueHHO# MOOPOTHOCTH, KOTOPBIH
IpeacTaBisgeT coOOM KapAaHHBIA TOJIBEC C PAa3rOHOM poOTopa MPYKUHHBIM
TUPOMOTOPOM pazoOlIiieHHoro Tuna. Paborta Obla pa3dbuTa Ha MOCiIeN0BATEIbHBIC
JTaIlbl:

o co3nanue neranei u coopka ['K;
IpOBEpKa COOMPAEMOCTHU U3/IEIHS;
pa3zpaboTka HEOOXOIMMON KOHCTPYKTOPCKOM JOKYMEHTAIIHH;
repeiada 3JICKTPOHHOTO MAKeTa U3JEIUs B CMEXKHOE OTACIIEHHUE.
[Ipu 3TOM paccMaTpUBAIOCH 1BAa BAPUAHTA KOHCTPYKIUHA THPOKOOPIUHATOPA!
pOTOP Kap/ilaHa MOABECA BBITIOJIHEH COCTABHBIM;
POTOP KApJIaHHOTO IMOJIBECA BHINIOJHEH HEIbHOMETAIUINYECKHUM.

I3
Mogens 'K ¢ nenpHOMETAIITMYECKUM KapIaHHBIM TOJIBECOM.
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ITo pesynpratam 3D-monenupoBaHHs OCHOBHBIX JeTajieil mojseca (poropa,
BHYTPEHHEUW U HApPYKHOU paMKH) ObUIM MOJYyYE€HBI JaHHbIE (MOMEHTHI UHEPIIMU U
MacCOBbIE XapaKTEePUCTUKH ), HEO0OXOUMBbIE LISt MaTEeMaTU4eCKOro
MOJIeNIMpoBaHusl paboThl rupockona. I[lpu pabore ¢ 3D-Mozmenbl0 OIEHUBAIUCH
JUHAMUYECKHUE 3a30pbl MEXY JeTalsIMU KapAaHHOro nojaBeca. C TOYKHU 3peHUs
coOMpaeMOCTH HauOOJBIINN HWHTEpPEC NPEACTaBIIIIM BOIPOCH OOECIIEUECHHUS
YCTAaHOBKUA POTOpPa BO BHYTPEHHIOIO pPaMKy, BHYTPEHHEW pPaMKU B HapYXHYIO
pamky. Ilpu mpoBepke Ha Mojzenu ObUIM BBISBICHBI OMIMUOKH, YTO MO3BOJIAIIO HA
paHHMX JTanax IMPOBECTH HEOOXOJUMblE W3MEHEHHMsI B KOHCTpYKUMH. B
TUPOCKONMYECKOM  Npudope  OOJbIIOE  BHUMAHHUE  YAENISETCA  BOMNPOCY
OalaHCUPOBKU Kap/IaHOBA MOJIBECA U BXOSIIUX B €0 COCTaB COOPOYHBIX €UHUII.
Pesynbratel mpoektupoBanus B cucteme SolidWorks mo3Bonmim 006nerdyuTh
poLEypy OTPAOOTKH KOHCTPYKIIMHM M OaJaHCUPOBKY JAHHOTO Y3Jia U MOBBICUTH
ypoBeHb pa3zpaboTku npubopoB. C 3toit nenbto B SolidWorks Obu1 mpousseneH
pacyeT pacroyIokKEHUsI HEHTPOB MACC:

e poTOpa;

o cOOPOYHOI €IUHULIBL: POTOP BO BHYTPEHHEN paMKe;

o cOOPOYHOM €IMHHULIBL: KapAaHOB MOJBEC.
Jlna cBenenus: aucbanaHca K MUHUMYMY JI€Tald THPOCKoma (pOTop, BHYTPEHHSIS
paMKa, dJIEMEHTHI KPETUICHUS) ObLTN BBITIOJHEHBI cHMMETpudHbIMU. OHAKO, TTPU
pPacCMOTPEHUH COOPOYHON E€AMHMIIBI MOJIBEC, BCIAEACTBUE HECUMMETPHUH OT y3Ja
appeTdpa Ha Hapy)XKHOM paMKe M HaJIW4yMs Ta3a Ha HapyKHOM paMke, i
IPOXOXKJEHUA K POTOPY JIEHTHI CO CTOPOHBI MNPYXWUHHOTO [BHUratesis, ObLIO
BBISIBJICHO 3HAYMUTEIbHOE CMEILEHHUE IIEHTpAa Macc OT TOYKH NEepecedeHus: ocei
BpaiieHus. Ha TBepaoTenbHOM MOAENM HapyXHOM paMKu ObLta TpoBejcHa
BBIOOpKAa MeTajula C II€JIbI0 COBMEIICHMS LIEHTpa MacC KapJAaHHOrO MOJABEcCa C
TOYKOW MEPECEUCHUS OCEU BPALLCHHUS.
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