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BBEAEHUE

Ha coBpeMeHHOM 3Tare B NPOMBIIIJIEHHOCTH U HAYYHO-HCCIIEA0BATEIbCKOM
MPAKTUKE HUCTOIB3YIOTCA KOMIBIOTEPHBIE TEXHOJOTUHM MPOCKTUPOBAHUS U3JIETUH,
pa3pabOTKN TEXHOJIOTMYECKUX IMPOIIECCOB W TMOJATOTOBKH JOKyMeHTaruu. [lpu
TOM POJb U 3HaYEHUE rpadUyecKOro MPECTABICHUS PE3yJbTaTOB BBIUMCICHUN
HENpPEphIBHO BO3pacTaeT, BCIAEACTBHE HauOojieeé €MKOro U HarJsIHOTO
IpeACTaBlICHUs OOJIbIINX 00BEMOB JIaHHBIX, KOTOpOE 00eCleurnBaeT rpapuieckas
dbopma. KomnbrorepHas rpaduka (KI') gaeT BO3MOXKHOCTh MPOBECTH BU3YAJTbHYIO
OLICHKY PE3YyJIbTaTOB BBIYMCIEHHI, BHECTU HEOOXOAUMBIE KOPPEKTUBBI, OTOOPATh
Y3 TMPEACTABICHHOTO MaTepuaia JaHHbIE Uil TMOCJHEAYIOMIEM MAalluHHOU
00paOOTKH, TO3BOJSET CYIIECTBEHHO YBEIUYHUTH IMPOMYCKHYIO CHOCOOHOCTH
UHPOPMAIMOHHOTO KaHala, 4Yepe3 KOTOPBIA OCYIIECTBISETCS JIBYXCTOPOHHSSA
CBS3b I10JIB30BATEIIS U KOMITBIOTEPA.

KI' oOecrieunBaer He TOJBKO TMOBBIIIEHUE HArJISIHOCTH TMOJTYYEHHBIX
pe3ynbTaToOB, HO M BO3MOXKHOCTh PEIEHUS MPUHIMIIMAIBLHO HOBBIX 3a/ay, Kak,
HaIpumep, reOMETPUYECKOE MOJIETUPOBaHMUE, TTU3aiiH, IpUMEHEHHUE
MYJIBTUIUTMKAIIMHY TIPU MOAECIMPOBAHUH TTPOLIECCOB.

JlabGopaTopHbIe OIBITHI, MpeAJiaraéMbleé B TaHHOM COOpPHHUKE, BBITOIHSIOTCS
Ha 3Tane obuei 6a30Boi MoAroToBKU. OHU MpeHA3HAYEHBI IS 3aKPEIJICHUS Ha
NpaKTUKE 3HAaHWM, JaBaeMbIX B Kypce JEKIMH U BBIPAOOTKM Yy CTYIEHTOB
MPAKTUYECKUX HABBIKOB B TpuMeHeHuun wmetonoB KI, Hambonee mmpoko
NPUMEHSIEMBIX B TPAKTUKE, YTIIyOJICHHE HABBIKOB COCTABJICHHS AJITOPUTMOB H
MpPOrpaMMUPOBAHUS JIJIs 3a]]a4 CPEJHEN CIIOAKHOCTH, & TAKKE Pa3BUTHE HABHIKOB
opopmieHus paszpabotaHHbIXx mnporpamm. Kaxkmas u3 mabopaTopHbIX paboT
npeacTaBisier  co0oil  HeOOJbIIOe, HO CAMOCTOSTEIbHOE U 3aKOHUYEHHOE
UCCJIEIOBAHNUE, BKJIIOYAIOLIEE BBHIOOP YHUCIEHHOIO METOJId, COCTaBJICHHE
alropuT™Ma peIIeHHs 3a/layd, COCTAaBJICHHE W OTJIaJKy HPOrpaMMbl, aHAIU3
pe3ynbTaTOB.

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



OBLWME METOOAUYECKUE YKASAHUA
MO BbINONIHEHUIO PABOT

Kaxnas naboparopHas palOoTa AOKHA BBINOJNHATHCA IIOCTE H3YUYCHHS
CTYyZIE€HTAaMH COOTBETCTBYIOLIUX PA3IAEIOB TEOPETUUECKOTO Kypca JEKIUHM.

K pabore Ha DBM nomyckaroTcsi TOTBKO T€ CTYJEHTBI, KOTOpPbIE MOKa3alu
3HaHHE TEOPETUYECKUX BOIPOCOB U METOAMKHU JaHHOU paboTel. PaboTa cunraercs
BBIITOJTHEHHOM MOCJIE TOTO, KaK IPENOAaBaTellb, IPOBEPUB PE3YJIBTATHl pacueTa, u
OTBETHI CTYACHTOB HA KOHTPOJIbHBIE BOIPOCHI, IMOJIUCHIBAET NPEAOCTABICHHBIN
CTYJIEHTOM OTYET MO YCTAaHOBJIEHHOU (hopMme.

JlaGopatopHbie paOOTHI BBITIOIHSAIOTCA C UCHOIb30BAHUEM BBIYHCIUTEIHHON
TexHukd. llepen 3aHATHEM TpenoaaBaTeNb JOJDKEH COOOLIUTH CTyACHTaM
UHCTPYKIUIO M0 TeXHHUKE Oe30macHocTy mpu pabote Ha DBM.

NaGopaTopHas pab6ota Ne1

Peanuzanys BO3MOXHOCTH MTOBOPOTA U CABUTA MPOCTEUILINX T€OMETPUUECKUX
buryp

1. HEJIb PABOTBI.
Ilenbro qaHHOM PaOOTHI SABIISICTC:

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

— MOJy4YEHHUE HABBIKOB MCIOJb30BaHUS OMONMOTEK CTaHAAPTHBIX MPOrpamMM H
JIAYHBIX OMOJINOTEK;

— 3aKpEIUICHUE JIEKIIMOHHOIO MaTepuaa;

— yriIyOJIeHHE HaBBIKOB OTJIaJKU IPOrPAMM U MPaKTHYECKOW padboThl Ha DBM.

2. OCHOBBI TEOPHUM.

I'padpuaeckue m3o0paxkeHus: GOPMHUPYIOTCS C UCIIOIH30BAHUEM MTPUMHUTHUBOB.
[IpuMuTHBaMH B MaIIMHHOM Tpaduike MPUHATO CUNTATH HAUMEHBIITUE, HEICTNMbIC
C TOYKHU 3pEHHUS NPUKIAJAHBIX MporpamMM, rpaduyecKue 3JIEMEHThI, KOTOpbIe
UCTIOJIB3YIOTCSI B KayecTBe 0a30BBIX I TOCTPOEHUsT 0Oojee  CIOXKHBIX
n3o0paxkeHuil. B anmapaTHbIX cpeAcTBaX MaIIMHHOM Tpaduku TeHepanus
rpauueckux NPUMHUTHBOB OCYILECTBISCTCA CHEIUATbHBIMU OJIOKaMH, KOTOpBIE
MOMUKCENBHO (OPMUPYIOT N300pakeHre rpauuecKoro JIeMEeHTa.

I'paduueckumMu MPUMUTUBAMH CUWTAIOT TAKUE AJIEMEHTHI, JJIs T€Hepaluu
KOTOPBIX B amnmapaTHbIe WM MPOTrPAMMHBIC CPEJCTBA BBOJIAT KOMAHJIbI, KOTOPHIE
UX UJICHTU(DUITHPYIOT.

B 3aBucuMocTi OT 00JaCTH MPUMEHEHHSI OMPENEISIIOT Ha0Oop MPUMHUTHBOB,
KOTOpbIe Hanbosee 1eaecoo0pa3Ho MPUMEHUTD g (HOpMUpPOBaHUS TpadudeCcKux
n3o0pakeHuii. Tak, HampuMmep, B MAIIMHOCTPOUTEIBHBIX YEpTEeKax HamOoJiee
pacmpocTpaHeHbl OTPE3KU MPSIMBIX, TYTH OKPYXHOCTeH U aydaBUTHO-IIMGPOBHIC
CHUMBOJIBI.



B HEKOTOpBIX MPWIOXKEHHUAX B KayecTBE TIpauuecKux MPUMHUTHBOB
NPUMEHSIOT 1€J0€ MHOXECTBO CBS3aHHBIX MEXAY Co00il Tpaduyeckux
AJIEMEHTOB, KOTOPBIE OIPENEISAIOT OOBEKT 111 UIECHTU(UKALINH.

[TpuMHUTHBBI pa3fensioTcs Ha TEOMETPUYECKUE (TOYKH, OTPE3KH MPSIMBIX,
JOMaHble, IyTW KpPUBBIX, YAaCTH TOBEPXHOCTEH); TEKCTOBBIE W CHMBOJBHBIE
(Mapkepbl).

Paznnuaror anmapartHelil, IPOrpaMMHBIN U IPOTPaMMHO-aNNapaTHbI YPOBHU
(opMupOBaHUS TPUMHUTHUBOB.

Ou3nYecKuM NPUMUTUBOM Ha3bIBAOT TpauueCcKil 3JIEMEHT, ISl TeHEpaliu
KOTOPOTO B rpapuuecKkoM yCTPOMCTBE €CTh COOTBETCTBYIOLIUH alllapaTHbIN OJIOK.
B OonpmMHCTBE cHUCTEM MAIIMHHOM TIpa@uUKy anmapaTHO peaiu3yloT TaKHe
OPUMUTHUBBI, KaK TOUKA, OTPE3OK MPSIMOM, JIoMaHasl JIMHMSI, CTPOKA TEKCTa, Ayra u
np.

JlorndyeckuM TMPUMHUTHBOM HA3bIBAIOT TpadUUECKUN DIIEMEHT, KOTOPBIi
ABIIICTCS JJIEMEHTAPHBIM OOBEKTOM KOHKPETHOM mporpammel. [Ipumepamu
JOTHYECKUX MPUMUTHBOB MOTYT CIYXXUTh MPOCTEUIIINE T€OMETPUYECKUE (PUTYPHI:
TPEYTOJbHUK, KBaJApaT, MHOTOYTOJIBHUK, MMapaliesienuIie]], KOHyC, map, IUIHHID,
94acTh MMPOU3BOJILHOM MOBEPXHOCTHU U TIP.

[Ipn mporpammHo-amnmapaTHON peanu3alyy MPUMHUTHBOB Ha MPOrPaMMHOM
YPOBHE BBINOJHAIOTCS MOATOTOBUTENBHBIE PACUEThl, IOCIE YEro Mepenaercs
yIpaBlIeHUE COOTBETCTBYIONIEMY ammapaTHOMY Y37y, KOTOPBIA 3aBepIiaeT
TeHepaIilo HEeoOXOoAUMOTo rpaduyueckoro »sieMeHTta. Tak, Hampumep, MpU
3alOTHEHUH  O0OJaCTH, OTPAaHMYECHHOW TMOJWTOHOM, WPOTPAMMHBIM IyTEM
OTIPEICTISAIOT TPAHUIIBI KOHTYPA, a allllapaTHBIM — 3allOJIHEHUS TOYEK MEXTy HUMH.

[IpumuTuB 3anaercs:

— MapamMeTpaMu, KOTOpble  ONpenessitoT ero  (opmy, pasmepel U

MECTOIIOJIOKEHHUE;

— BHM3YyaJbHbIMHU CBOMCTBaMH, KOTOpbIE ONPEIEISIIOT €ro BHJIMMOCTb, IIBET,

SAPKOCTh, TMHAMUYECKHE CBOMCTBA, TUI U TOJNIIUHY JTHHUIA;

— CTaTycoM, KOTOpBII OMNpeaesieT OTHOIICHHE K pPa3IMYHBIM OIepaIusiM,

TaKUM KaK H3bsITHE, TPeoOpa3oBaHue, yKa3aHHE,

— pPeKMMOM 3aHECEHHUS B BHUICOMAMATH (PEXKUMBI 3aMEIIEHUS, HaJOKEHUS,
00paTHOTO YTECHUS U TIP.).

I'padmueckas cucrema BKIIOYAET CPEACTBA JJII OOBEIWHEHUS! TPUMUTUBOB.
Hanuuune cTpyKTypUpOBaHHBIX JaHHBIX pa3pellaeT MOJYyYUTh U3 OIpPaHHUYEHHOTO
Habopa 0a30BbIX AJIEMEHTOB JOCTATOUYHO OOJBIIOE KOJUYECTBO BUJIOB U IPOEKLUI
n3zobpaxenuil. [Ipu »TOM ympornaercs 3ameHa, MOBOPOT W IMEpEeMEIIeHHEe Kak
OTJIENbHBIX (PParMEHTOB, TaK U Bcero mzoopaxeHus. CTPyKTypHBIE CBSI3U MEXIY
rpaguyecKuMu  aHHBIMM  3HAYUTENbHO OOJEryaloT TMpolecc TMOoHucKa U
uaeHTuukanuu uHopManuu, a Takke (HOPMHUPOBAHME JUHAMHYECKHX
nzoopaxkenuii. I[locmegnee oOBsCHsSETCS TeMm, dYTO Tpu  (HOPMUPOBAHHUH
U300pakeHMii, KOTOpPbIe BOCCO3/AIOT ABM)KEHUE, HA SKpaHE MOSBISIOTCS TOJBKO
HECKOJIbKO HOBBIX DJJIEMEHTOB, a TIIOJIHO€ HW3MEHEHHE TIPOU3BOAMUTCS Yepe3
HEKOTOPBI MHTEpPBaJ BPEMEHHU, KOTOPBIN OIpEenesseTCs] CKOPOCTHIO JBUKCHHUS
U300paKeHUsT M pa3MepaMd MOy BbIBOAA. [l0ATOMY WMHUTAIMIO JBUKCHHS
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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 TpaduuecKuii 3IeMEHT MOXKET
COCTOATH BCET0 U3 OJIHOTO MPUMUTHUBA.

['padprueckmM OOBEKTOM HA3BIBAETCS MHOKECTBO NPUMHUTHBOB, KOTOPbIE
UMEIOT OJIMHAKOBbIE BH3yaJIbHbIE CBOWCTBA M CTaTyC, U HACHTHPHUIUPYIOTCS
onauM umeneMm. Ilpu dopmupoBanun rpaduyueckoro o0O0BEKTa OTHATACT
HEOOXOIUMOCTh B HW3MEHEHUH PEXKHUMOB pPabOThl TpadUyYECKOro KOHTpOJUIEpa
(anmapaTHBIX GJI0KOB), KOTOPHIE OTBEYAIOT 3a BU3YyaJbHbIE CBOMCTBA.

[TockosbKy M300paxKeHHe MOXKET COCTAaBIATHCS U3 MPUMUTUBOB PA3IUYHOTO
TUIIA, TO BBOJAT MOHSTHUS CEIMEHTa, KOTOPHIA OMpenesieTcsi Kak COBOKYIMHOCTh
rpauueckux 3JIEMEHTOB. YPOBHIO CErMEHTa B fA3bIKAX MPOrpaMMHUPOBAHUS
OTBEYAET TaKasi KOHCTPYKIIMS, KaK MPOLeaypa.

BeimonHsss TpynmupoBaHWsT TNPUMHUTHBOB B TOWMEHOBAaHHBIE CETMEHTHI,
OPOrPAMMHUCT MOXET CEJEKTHUBHO W3MEHATh OTAEJIbHbIE YacTU IOJHOTO
U300paKeHUS MyTeM U3BSITHUS WU MOAU(PHUKAIIUU CETMEHTA.

['padmyeckue 31€MEHTHI SBISIOTCS CHHTAKCUYECKUMU 00bEKTaMU (OMTUCAHUE
rpaduuecKkux ITaHHBIX), B TO BpeMs, KaK CETMEHThl — CEMaHTHYECKHUMH (CBS3b
rpaduyecKkux JaHHBIX), HATPUMED, 31aHNE, YEPUCHHUE.

Jlist paboThI ¢ 351eMeHTaMu Tpaduueckux U300pakeHui y1o0Hee TPUMEHSTh
noAXoAbl  OOBEKTHO-OpUEHTHUpOoBaHHOrO mnporpammupoBanusi (OOII). OOII
IPEACTaBIIAET COOOM TEXHOJOTHUIO MPOTPAMMUPOBAHUS, B OCHOBE KOTOPOU JIEKHUT
TOT JK€ TOJXOJ, YTO I[O3BOJISIET JIIOIIM (POPMUPOBATH MOJAEIHU OOBEKTOB
peanbHoro Mupa. Kaxaomy peanbHOMY OOBEKTY COMOCTABIACTCS OOBEKT JTaHHBIX
(4acTh TEKCTa MporpamMMbl) OOBEAUHSIONIMI BOCIMHO KOJ U AaHHBIE. biaromaps
JaHHOMY MOJXOAY B 3HAUUTEIbHOM Mepe 00Jyierdaercsi COTpYIHUYECTBO paboUnx
rpyni B paboTe HaJl KPYIMHBIMU MPOEKTaMU, UCKITIOYAETCS HECAHKIIMOHUPOBAHHOE
UCIOJIb30BaHUE JaHHBIX. OOBEKT MOXKET COJAECPKATh 3aKPHIThIE MACCUBBI JAHHBIX,
paboTa ¢ KOTOPBIMU OCYLIECTBISIETCS TOJBKO (PYHKIUSMH, OIMMCAHHBIMU B 3TOM
*Ke OOBEKTEe, CTOPOHHUM >K€ IMOJH30BATENb, MOJYYAIOIIUNA JaHHBIA OOBEKT BO
BJIAJICHUE, MUMEET BO3MOKHOCTb OOpAaIllEHHS TOJBKO K OTKPBITHIM JIaHHBIM U
bysakuusam 3toro oobekta. OOIl mo3BoISIET S5KOHOMUTH BPEMS 32 CUET CO3/IaHUS
UEPAPXUUYECKUX TUIIOB JAHHBIX, IOPOKIAasi HOBbIE OOBEKTHI OT CYIIECTBYIOIINX U
Hacyeays (MOJHOCTHIO UM YaCTUYHO) UMEIOIINECs B HEM JIaHHbIE U (DYHKIUH.

3. BAPUAHTHBI 3AJIAHUM.

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

[Tocne co3manus OOBEKTOB JJii TPUMHUTHBOB TpeOyeTcs HammcaTh
HEOONBIIYI0 TPOrpaMMy TOCTPOSHUS W300paKeHHs] M3 JaHHBIX MPUMHUTHBOB,
WLTIOCTPUPYIOIIYIO UCIIOIB30BaHUE 3TUX 0OBEKTOB.



TaoOmn.1.

Ne BapuanTa Hcnionb3yemble MPUMUTHUBBI U JIEMEHTHI

1 OTtpe3ok ITPAaBWJIBHBIM MHOT'OYTOJIbHUK
2 OKPY’KHOCTb 3BE€3/1a

3 Dnurc CTpeJKa

4 OKPYKHOCTh MPaBUJIbHBIM MHOTOYTOJIbHUK
5 yra 3Be3/1a

6 DILTUIIC IPaBUJIbHBIN MHOTOYTOJIBHUK
7 PAMOYTOJIBHUK 3B€311a

8 OKPYKHOCTb TEKCT

9 OTPE30K TEKCT

10 ayra CTpENKa

4. TIOPAJOK BBIIIOJHEHUA PABOTbBI U METOJAWYECKHUE

PEKOMEH/JALIUMN.

— OmnpenenuTh Bce CBOMCTBA MPUMUTHBA, BBICIUTh YHUKAIbHBIE CBOMCTBA.

— Onucate METObI, HEOOXOAUMBIE 7151 0TOOpakeHHs 0O BEKTOB.

— CocTaBUTh U OTJIAZAUTH IPOTPAMMY ITOCTPOCHUS N300PAKEHHUS.
Co3garh  AMANOrOBBIA  MOAYJdb, JJs  BapbUpOBaHUS  IapaMeTpaMu
(cBoiicTBamMu) rpadIeCKUX OOBHEKTOB.
— OTBETUTH HAa KOHTPOJIbHBIE BOMPOCHI.

5. YKA3AHMA 110 OPOPMJUIEHUIO OTYETA.
Kaxnp1il cTyaeHT opopMIIsIeT OTYET, KOTOPBINA JOJIKEH CONEPKATh:
— IIOCTAHOBKY 33]1a4H;
— QJITOPUTMBI PELICHUS 3a/1a4u;
— TEKCTBI PacleyaToK pOrpaMm;
— MepeuYeHb U XapaKTEepPUCTUKY OIIMOOK, JOMYIIEHHBIX B IpOLECCEe
POXOXKACHUS 3a0aHUS;
— OTBETHI HA KOHTPOJIBHBIE BOIPOCHI.
K cocraBieHHbIM mnporpamMmaM cienyeT JaTh TaOJMIly MCIIOIb30BaHHbBIX
VMEH IIEPEMEHHBIX.

6. KOHTPOJIBHBIE BOITPOCHI.
1. Kakue CTpyKTypHBIE 5JIE€MEHThl H300paX€HUH CUHUTAIOT TpaduuecKuMu
MPUMUTHUBaAMHU?
2. YeM OTIMYAIOTCS JIOTUYECKUE TPUMHUTHUBBI OT (PU3HUUECKUX?
3. Kakumu atpulyramu 3aatorcs rpaduyeckue NpUMUATUBBI?
4. Yem 0OyCIIOBJICHO BBEIECHHWE CTPYKTYPHBIX EAWUHUI] TUMA TrpadudecKuit
00BEKT, TpapUIECKUI DIEMEHT?



JlabopaTopHasa pabota Ne2

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

1. HEJIb PABOTBI.
Ienbro naHHOM PaOOTHI SABIISICTCS:
— MpaKTHKa B pa3padboTKe rpaduyecKux mporpamm;
— 3aKpeIUIeHUE JIEKIIMOHHOTO MaTepuaa;
— MOJIy4€HHE HAaBBIKOB MCIIOJIb30BaHUs OMOINOTEKH CTaHJAPTHBIX IPOrPaMM;
— IpakTUKa B pa3pabOTKE aJrOPUTMOB U IMPOTrpaMM, UMEIOIIMX MOIYJIbHYIO

CTPYKTYPY,
— yriayOJieHHe HaBBIKOB OTJAKH.

2. OCHOBBI TEOPHUMU.

JIoCTaTOYHO BaKHBIM MOHATHEM JIJISI PACTPOBOM CETKU SIBJISIETCS CBSI3HOCTD -
BO3MOXXHOCTh COCIMHEHHUS JBYX THKCEJIIOB pAacTpOBON JIMHUEH, TO €CTh
nocjeaoBaTeIbHBIM HaboOpoM mukcenoB. [Ipu 3TOM BO3HHMKaeT BOIPOC, KOrja
MUKCeNbI (X, V1) U (X3, Y2) MOKHO CUYUTATh COCETHUMH.

BBoauTcs 1Ba MOHSTUS CBS3HOCTH:

e 4-CBS3HOCThb, KOTJa IMHMKCEIBl CYHUTAIOTCSI COCCIHUMHM, €CIU JU00 UX X-
KOOPJIMHATHI, TUOO Y-KOOPAUHATHI OTJIMYAIOTCS HA €IUHUILY, TO €CTh
X1 - Xo| +[y1 - yo| <1,

® §-CBA3HOCTb, KOTJAa MHUKCEIbl CUMTAIOTCA COCEAHUMH, €CIM HUX X- U Y-
KOOPAWHATHI OTINYAIOTCS HE 00Jiee YeM Ha €IMHUILY, TO €CTh
X1 - Xo|<1, y1 - yo| £ 1.

ITousaTtue 4-CBSI3HOCTH SIBIAETCA OOJIE€ CHIBLHBIM,
YyeM &-CBSA3HOCTH: JIIOObIE 1Ba  4-CBA3HBIX ITMKCEIA =
SIBJISIFOTCSL U 8-CBSI3BHBIMU, HO HE HA000poT (puc.1).

Tak kak MOHATHE JIMHUM Oa3upyeTcs Ha TOHSATUU
CBSI3HOCTH, TO €CTECTBEHHBIM 00pa30M BO3HHKAET
noHsATue 4- U 8-CBA3HBIX JUHUN. [Ipu 3TOM HYXHO
UMETh B BHJy, YTO PACTPOBOE IpeACTaBIeHUE 00BEKTa Puc.1.
HE SIBJISETCA €JAMHCTBEHHBIM M BO3MOXKHBI Pa3IMYHbBIC
CIIOCOOBI TOCTPOCHHUSI.

PacTpoBoe npeacrasiieHHe 0TPe3Ka

PaccmoTpum  3amady  MOCTpPOEHHS PacTpPOBOrOo HM300paKeHUs OTPE3Ka,

COCIMHSIIOIIETO TOUKH (X1, V1) U (X2, Y2). 15t MpOCTOTHI OyZieM CUUTATh, YTO
0 v—yi £ x—xi.
Toraa oTpe30K OMUCHIBACTCS CICAYIONIUM YPAaBHEHUEM:



y=Y, +?(X—xl), X e[x,,X,]

2 T X,
wm y=kx+b.

[Ipocreimmii anropuT™M pacTpoOBOIro IIPEACTABICHNUS OTPE3Ka UMEET BU:

(o )

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

I
< x=x1...x2, xt++ >
|

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

v

(o )

Aaroputm bpe3enxeiima

Hcnonb3yst peKyppeHTHOE COOTHOUIEHWE [Jisi BBIYHMCIECHUA VY, MOXHO
YOPOCTUTh (PYHKIUIO, OJHAKO 3TO HE YCTPAHSIET OCHOBHO20 HeOOoCmamKa
aneopumma — UCNOIb308AHUS GEUJECTNEEHHbIX GbIYUCIeHUll Il padoThl Ha

LEJIOUYHMCIIEHHON pEIIETKE.

B 1965 ronmy bpesenxelimom ObLI
MPEJIOKEH MpOCTOMN LIEJIOYHUCIICHHBIN
QITOPUTM  JUIsl  PacTpPOBOrO  ITOCTPOEHUS
OTpe3Ka, IEPBOHAYAIIBHO IpEAHA3HAYCHHBIM
JUTSL UICTIOJIb30BAaHMSI B TPad)ONOCTPOUTEISIX.

[Ipu MIOCTPOCHUU pacTpoBOrO
U300paKEHUsSI OTpe3Ka Bcerjga BblOMpaercs
Oy KaMIIui MO BEPTUKAIN MTUKCET.

IIpu sTom u3 nByx Touek A u B (puc.2)
BBIOWpaeTCS Ta, KOTopas OJMKe K HMCXOJTHOU
npsiMOH (B TAaHHOM CJIy4ae BBHIOMpaEeTCsl TOUKa

Puc. 2.

A, Tak xaK a < b). J{is aToro BBoauTcs yuciao d=(x, — x;)(b - a).
B cnyuae d > 0 3Hauenue y ot npeapaylieil Touky yBenuuuBaercs 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 IIPEACTABIICHA HHUKC.

10



(e )

I
x1,yl,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 +dl

< |

putpix(x,y)

< KOHCEI] >

[TpuBeneHHas cxeMa paboTaeT IpU BBINOJIHEHUH yciioBuid: 0 <=y2 - yl <=
x2 - x1.

OO6mwmii cayyail MPOU3BOJIBHOTO OTPE3Ka JIETKO CBOJUTCS K PACCMOTPEHHOMY
BBIIIE, CJIEAYET TOJIbKO HWMEThb B BHUJY, 4YTO MpPU BBHINOJHEHUU HEPABEHCTBA
|Ay| > |AX| HE00X0IUMO MTOMEHATH MECTAMU X U Y.

ITocTpoeHune OKPYKHOCTH.

2 2 2
[ToctpoeHue okpykHOCTH He cioXkHO. OcHOBHOE ypaBHeHHEe Y = R™ - X°.
ANTOpPUTM UMEET BU!

11



(o)

X=0 Y=R

HCT
_> s~

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

X=X+1

|
\ 4

(e )

IlocTpoeHue OKPY:KHOCTH MeTOIOM XapaeHOypra.

B nmanHom meroae MCHOib3yeTCs MPHUPAICHHE K BO3BOAUMBIM B KBaJpaT
AJIEMEHTaM, 4TOOBl CKa3aTh KOTJZIa MOopa MEPEeXOAWTh Ha CICAYIONIYI0 TOYKY IO
HeoCHOBHOH ocu. T.e. OTCIexKHBaeTcs Tekymee coctosuue Y- u (R:-XY) u
JTEKPEMEHTUPYETCS OJIMH MTUKCEIb TI0 OCH Y, KaK TOJbKO Y2 CTAaHOBUTCS MEHBIIIEC
WJIA PaBHOM R*-X*.

[Touemy 310 ynobno? 3nas R°-X° B HaYaIBHOM TOYKE, B KOKIOM CIEAYIOIEH
TOYKE 3TO 3HAUYCHHE BBIUUCIISIETCSI OUEHB ITPOCTO

RI-[ X +2¥X +1].

Brruurtas u3 nocieaneit Gopmysibl IPEeANOCIEIHIO, Mbl TTOJIYYUM 3HAYCHUE
no ocu Y JJisi CJIEAYIOIIEr0 3HAYCHUS MO OCH X 3Has Mpeblayliee 3HaYeHue Mo
ocu Y.

12



Ha4al1io

7CJ‘.

X=0 Y=R Yn=R*R

HCT

;

Ja
X=X+1
|
putpix(X, Y)
[
Yi=(Y-0,5)* (Y-0,5)
Yn=Yn-(2*X +1)

KOHCI

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

IMocTpoenne okpy:xkHOCTH MeToA0M Bpe3enxema.

st mo0oi 3aJaHHOW TOYKM Ha OKPY>KHOCTH IMPU T'E€HEpALMHM 10 4acoBOM
CTpEJIKE CYIIECTBYET TOJBKO TPHU BO3MOXHOCTH BBIOOpA CIIEQYIOLIErO MHKCENa,
HaWIy4lleM CIIOCOO0M NPUOIMKAIOLIETO OKPY>KHOCTh: TOPU3OHTAJIBHO BIIPABO, 10
JMaroHajy BHU3 U BIPAaBO, BEPTUKAJIBLHO BHU3. DTHU HAIIPABIICHUSA:

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

Kpurepuem onenku Hanbosee MOAXOAAIIETO M3 TPEX BAPUAHTOB CILYKHUT
pPa3HOCTh MEXAY KBaJpaTaMd pACCTOSHUM OT IEHTpa OKPYKHOCTU JI0

nuaroHanabHoOTO Tiukcena ( X+1, Y-1 ) u oT neHTpa 10 TOYKH Ha OKPY>KHOCTH R*:
Delta=(X+ 1) +(Y+1)-R?

13



Xi=0
Yi=R
Delta = 2*(1-R);

> putpix(x, y)

Ja

HET
Deta<
1 — Delta>0
HET

Jie:]
Sigma=2*Delta+2*Xi- 1 Sigma=2*Delta+2*Xi- 1
e A e
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. BAPUAHTHBI 3AJIAHUIA.

[Iporpamma, HamrcaHHas B X0ji€ J1aDOpaTOPHOU pabOThI JOJIKHA OTOOpaxaTh
YBEIMYCHHYIO CETKYy NHUKCeNIoB. JleMoHCTpanus paboThl pacTpOBOrO METOMA
JOJDKHA TIPOM3BOJUTHCS Ha AToM  cerke. HeoOGxomumo mpemycMoTpeTh
BO3MO>KHOCTb MOIIIArOBOI0 MMOCTPOEHUS pacTpa.

NunuBuayanbHOEe  3ajaHuE  ONpeAessieTcs JUIsl  KaXkIoro  CTyAeHTa
MpEnoAaBaTeieM.

Tabmn.3.
Ne BapnanTa [IpumuTHB Meron
1 orpe3ok A(0,0)-B(10,5) | mnpsmoe moctpoeHue
2 orpe3ok A(10,1)-B(5,0) | mnpsmoe moctpoeHue
3 otrpe3ok A(0,0)-B(10,5) bpezenxeiima
4 orpe3ok A(10,1)-B(5,0) bpeszenxelima
5 okpyxkHocTh O(0,0) R=5 | mnpsamoe noctpoeHue
6 okpyxkHocTh O(0,0) R=5 Bbpeszenxeiima
7 okpyxkHOCTh O(0,0) R=5 XapneHOypra
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 BO3MOXXHOCTD TOMIArOBOTO TIOCTPOCHHUSI.

OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI.

5. YKAZAHUA 110 OPOPMJIEHHUIO OTUYETA.

Kaxxnp1it cTyneHT oopMIIsieT 0TYeT, KOTOPBIA TOJKEH CONEpPKaTh:
IIOCTAaHOBKY 3a1a4H;

AITOPUTMBI PELICHHUS 3a1a4H;

TEKCThI paclevyaToK IporpamMm;

NepeYeHb M XapaKTepUCTUKY OIIMOOK, JOMYyUIEHHBIX B MpOLECcCe
IIPOXOKICHUS 3a/1aHHUS;

OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

K cocraBieHHBIM nporpamMmaM cienyeT JaTh TaOJIMIly MCIIOIb30BaHHbBIX

HMCH IICPECMCHHbIX.

6. KOHTPOJIBHBIE BOITPOCHI.

1. YUto Ha3biBaeTcs pacTpom?

2. [Touemy BO3HMKAET HEOOXOAUMOCTh PACTPOBBIX AITOPUTMOB?

3. [IpuBenute n3BecTHBHIC BaMm anropuT™Mbl pacTpoBOii rpaduKy.

4. Kakoil ypoBeHb peanu3aiuu Tpaduku MPEeANOUYTUTEIbHEES anmnapaTHbIA WU
nporpaMmMublii? 1louemy?

15



JNlabopaTopHasa pabota Ne3

Co3snanue TpEXMEPHBIX MOJICNICH JIsl TaIbHEUIIIETO MPOBEACHUS
WH)XKEHEPHOT'0 aHAJIN3a U3AECIIHS.

Hob6aeneHue pasmepos.

B SolidWorks reo6s3amenvro BBOIUTH pa3Mepsl Ha ICKU3€E 0 TOTO, KaK OHU
OyAyT HCIIOJIb30BaHbI JUIsl CO3/aHUs 3JeMeHTOB. OIHAaKo B JaHHOM IpUMEpPE
ceiyac J00aBIAIOTCA pa3Mepbl sl MOJHOrO ompeneneHus 3ckuza. llocne
N00aBJIEHHs Pa3MEPOB B 3CKU3 COCTOSIHHE 3CKU3a MOSBUTCS B CTPOKE COCTOSHUA.
Bce ackuzbr SolidWorks MoryT OBITH peACTaBIEHBI B OTHOM U3 TPEX COCTOSHUU.
Kaxnoe coctosinue 0603HauaeTCs IPYruM IIBETOM:

¢ B noanocmvio onpeodenennom 3CKu3e TOJOXKEHHUS BCEX OOBEKTOB
IIOJIHOCTBIO OIMCAHBI C ITOMOIIBIO Pa3MEPOB MIIM B3aUMOCBS3€EH, WM TEX
U Jpyrux OJHOBPEMEHHO. B Takom scku3e Bce OOBEKTHI IOKa3aHBI
YepHbIM LIBETOM.
¢ B nedoonpeoenennom >cKku3e IS MOJHOTO yKa3aHUs TE€OMETPHUU
TpeOyIOTCsl JOMOJIHUTENbHBIE pa3Mepbl WM B3aUMOCBs3U. B 3TOM
COCTOSTHUM MOKHO TE€pPETacKMBATh HEIOOMPEICICHHbIE O0BEKTHI ICKU3a
JUIsL  WA3MEHeHus 3cku3a. HepoompeneneHHble  OOBEKTHI  3CKHM3a
NOKAa3bIBAKOTCS CUHUM LBETOM.
¢ B nepeonpeoenennom 3cku3ze OOBEKT COACPKUT IMPOTUBOPEUUBHIC
pa3Mepbl WM B3aUMOCBSI3M, WIM T€ U JPYyrue OJHOBPEMEHHO.
[lepeonpeneneHnbie 00bEKTHI ICKU3a MOKA3bIBAIOTCS KPACHBIM LIBETOM.
1. Beibepute HWucTrpymentbl, Ilapamerpnl. Ha Bkimanke Hacrpoiiku
noJib3oBarensi BeiOepute OQOmIme, 3aTeM OTKIIOUYUTE HapaMmeTrp BBecTn
3HaueHune pazmepa. Haxmure OK.

2. Haxmure KHOIIKY Pa3mep Ha maHenu MHCTPYMEHTOB “B3anMOCBs3H
acku3za” wunu BblOepute WMHceTpymeHnTsl, Pasmepsni, I[lapasuienbHble.

VYkazarenb NpUHUMAET CIAEAYIONIy0 GopmMy 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 YEpHbIM. YKa3aHUEM pa3Mmepa JUIMHBI BEpPXHEH
CTOPOHBI MPSMOYTOJIbHMKA OBUIO IOJHOCTBIO 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 HEJAOOMIPEIEIICH.

4. Haxxmute Ha mpaBylO0 CTOPOHY MPAMOYTOJbHUKA, 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.
JIns u3MEHEHUs pa3MEPOB UCIIOJIb3YETCsI UHCTPYMEHT Pa3mepsil.

¢ JIBaXkK1pl HAXXMUTE HA OAUH U3 pasMepoB. 110BUTCS AUamoroBoe OKHO
HN3menuTs. Tekyui pasMep BbIICIIEH.

4 2reHUTE

|1EI]_I]I]h1m

2k
-
]

e D v

¢ Beenute 120MM, 3aTeM HOXKMUTE j Pa3zmep Ha 3cKH3€ U3MEHUTCS
B COOTBETCTBUM C HOBBIM pa3MEpoOM. 3HAYCHHE pa3Mepa Tenepb
coctaBiigeT 120 mm.

¢ Haxmure KHONKY HN3MeHuTH B pa3Mep 3KpaHa Ha MaHEIU
UHCTpYMEHTOB “Buja 7 wim Haxxkmure knaBumy f, wim BeiOepute Bmn,
N3mennts, U3MeHuTHL B pa3mep 3KpaHa, yToObl OTOOpa3UTh BECh
NPSMOYTOJBHUK B TIOJHBIA pa3Mep M PAa3MECTUTh €ro IO LEHTPY B
rpaduyeckoit 001acTH.

¢ JIBaxJ1bl 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. DTOT BJIEMEHT
CO3aCTCs IMMYTEM BBITSAXKKHM HAPHUCOBAHHOI'O IIPAMOYI'OJIbHHKA.

1. HaxxmuTe KHONKY BouiTsHyTasi 000bIIIKA /OCHOBAHME Ha TAHEIH
UHCTPYMEHTOB ‘“OneMeHThl ~ wunu BbiOepute BeraBka, (OcHoBaHme,
BeiTsanyTs. IlosBurcst  aguanoroBoe okHO  OcHoBaHMe-BBITAHYTH
PropertyManager (MeHemxepa CBOMCTB) Ha JIEBOM IMAaHENH, a BUJl ICKU3A
OyJIeT MmoKa3aH B U30METPHHU.

2. B oksne rpynnel Hanpasienue 1 BBINOJHATE CIEYIOMINE ONEPALINN:

17



¢ VYcranosute mia napamerpa I'panuyHoe yciaoBue 3HaueHue Ha

3a/IaHHOE PACCTOSIHHE.

¢ VYcranoBute I'yOmHy "/Ei'; , paBHylo 30MM. YTOOBI yBEIWYUTH
3HaYCHWE HWCIONB3YyWTe CTPEeNKM WM BBeauTe 3HadeHwe. [lpu
HCIIOJB30BAaHUM  CTPEJIOK B  rpaduyeckol  00JacTh  MOSBIAETCS
peBapUTENbHBIA BUJI TTOTy4YEHHOTO PE3yJIbTaTa.

/ 290 JCKN3

i | o

¥

3. Haxmure t:} OK i1a co3gaHus BBITSDKKA. HOBBIM  DJIEMEHT
OcHoBaHue-BbITAHYTh  TOSBUTCS B JepeBE€  KOHCTPYHUPOBAHUS
FeatureManager.

4. Ecmu TpebyeTrcs M3MEHUTh MaciiTad, YToObl 0TOOPa3UTh MOJENb IIETUKOM,
HaxmuTe Z 11 ymenbienus unu Shift+Z nyis yBenndenus.
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5. Haxmure Ha 3HaK muiroca psgom c 3amuchio Base-Extrude (OcnoBanue-
BoITsiHYyTB) B iepeBe KoHcTpyupoBaHusi FeatureManager. Sketchl (Jcku3
1), KOTOpbIN KCIONB3OBAICS ISl BBITSDKKU 3JIEMEHTA, TENnepb 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 MUHCTpyMeHTOB “CraHnmapTHas ~
win BbiOepute @ais, Coxpanuth. IlosBUTCS nMamoroBoe OKHO
CoxpaHuTh Kak.

2. Beenute Tutorl m Haxxmure kHonky Coxpanutb. Pacmmpenue .sldprt
no0aBuTcs K uMeHHU (aiina, u ¢daia OyJIeT COXpaHeH B TEKYIIEM KaTajaore.
UtoOsl coxpaHuTh (haiiyl B APYyroM KaTajore, UCHOJIb3YHTE KHOMKY 0030pa
Windows y1s yka3zaHus KaTajiora, 3aTeM COXpaHHUTE (aii.

B nMenax (aiisioB He yUUTHIBAETCSI COCTOSIHUAE PETUCTpA.

6. KOHTPOJIBHBIE BOITPOCHI.
1. YTto mpoucxXoAauT C MOAENBIO JAETAIU NMPU M3MEHEHUU Pa3MEpPOB B MPOIECCE
paboThI?
2. IIpuBenuTe npuMeEp 3JIEMEHTOB, UCIIOIB3YIOIIUXCS MIPU IOCTPOEHUHN 3-MEPHOU
Moean’?
3. Kakoii 3cku3 siBIIsSIETCA EPEOonpeaeIEHHbIM?

19



. COopka — 3TO y3ell, COCTOSIIMNA U3 JIBYX WU OoJjiee AeTaieil, Ha3bIBaeMbIX
TaKke KOMIOHEHTaMH, B ojHOM JjokymeHTe SolidWorks. Pacnonoxxenue wu
OpHCHTAIUsS KOMITOHEHTOB 3aJacTCsl C TIOMOIIbI0 conpspkeHud. CompspKeHHs
00pasyroT B3aUMOCBS3U MEXTY 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. Haxmure KHONKY JCKH3 U HApUCYWTE NPSMOYTOJIbHUK, HAaYWHAsA C
UCXOJIHON TOUKH.

3. Haxxmure knHOnmky Pasmep U YKaXHUTE pasMep MpsAMOYTOJIbHUKA,
paBHbi 120 x 120 MM.

4. Haxxmute KHONKY BbITsiHyTasi 000bIIIKa/OCHOBaHUE U BBITSIHUTE
IPSIMOYTOJIBHUK, YCTAaHOBHMB B mapaMerpe I'paHM4HOe ycja0BHe 3HaueHUE

)
Ha 3agannoe paccrosinue, Ha 'imyOuny 90 mm ¥0

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

6. Haxmure kHomky Q0o0Ji0uka . B kadectBe rpaHM I ynaleHUs
BBIOCpUTE Uy eqyto TPaHb MOJeNH U ycTaHOBUTE Toammuny 4 M.

7. Coxpanute paetanb kak Tutor2. (K umenu ¢aitna Oynmer moGaBieHO
pacupenue .sldprt.)

Co30aHue ebicmyna Ha 0emasnu

B »tom pasmene Uit co3laHus  TEOMETPUU  ICKH3a  HMCIOJB3YIOTCS
uHctpymeHThl IIpeoOpa3oBanue 00bekTOB U CMmelneHHe 00beKTOB. 3aTeM C
MOMOIIIBIO BBIPE3a CO3/1a€TCS BHICTYM JJIsl TPUCOCTUHEHHUS JIETAIH.

@

1. Haxmute KHONKY YBeJWYHUTH JJIEMEHT BH/IA uiu BeIOepuTe Bwua,
N3MeHNnTD, YBEJNYNTD 3JIEMEHT BH/AA, A 3aTEM C IOMOIILIO MBIIIH BEIOEPUTE
yIroJ JeTajid, KaKk Moka3aHo. HaxxmuTe KHONKY YBeJIMYHMTH 3JIEMEHT BHAA
erie pas, YTOObI BRIKITFOYUTH HHCTPYMEHT.

Yyl
AL

e "-.-.___ .'"--____
ol . -

20



2. BpiOepute TOHKYIO CTEHKY Ha JMIEBON TpaHUW JETAIH M HAXXKMHUTE KHOIKY
JCKM3 7151 OTKPBITUSA 3cKkn3a. KpoMKY rpaHu aeTany BBICBEUMBAKOTCS.

3. Haxwmute xHonky IlpeoOpa3soBanue 00beKTOB Ha TMTaHEJIM UHCTPYMEHTOB
— “UucrpymenTsl 3cku3a” uinn BbolOeputre MHcTpymeHThl, UHCTPYMEHTHI
cku3a, [lpeodpaszoBanue 00bekTOB. HapyxHble KPOMKH BBIOpaHHOM TI'paHU
IPOEUUPYIOTCS (KOMUPYIOTCS) HA IMIIOCKOCTh 3CKU3a B BU/IC JIMHUH M IYT.

4. HaxxmuTe CHOBA Ha JIMLEBYIO IPAHb.

5. Haxmure kHonky CMelieHue 00bEKTOB Ha IIAHEJId WHCTPYMEHTOB —
“UucTtpyMenTbl 3cku3a” win Bbloepute HHCTpymMeHTbl, MHCTpyMeHTHI
3cKku3a, Cmelenne 00beKTOB.

6. Ycranoutre Paccrosinme cmemenusi, paBHoe 2 wMM. [lpeaBapurenbHbIN
MIPOCMOTP MOKa3bIBAECT CMEIICHUE, BHIIBUHYTOE HAPYKY.

7. Bwibepute mapametp PeBepc, 4TOOBI H3MEHUTH HAINIPaBICHUE CMEIICHMS.
8. Haxxmute OK .

B »scku3 nobGaBnsercs psii JUHHUM, CMEHICHHBIX OT HAapYKHOH KPOMKH
BbIOpaHHOW TpaHW HAa 2 MM. DTO COOTHOIICHHE COXPAHSIETCS, €CIU HU3MEHSIOTCS
VCXOJIHBIE KDOMKH.

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

10. B oxne rpynnsl Hanpaienue 1 ycranosute I'myOuny, paBHyto 30 MM, H
Haxmute OK. Marepuan Mexay IByMs JIMHUSIMH BbIpe3aeTcsi, 00pasys
BBICTYII.
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UN3meHeHue yeema demanu
[IBeT 1 BHELMIHMM BUJ JE€TAJIA UJIHA €€ JIEMEHTOB MOYKHO U3MEHSITh.

L.

oY)

4.
S.

Haxwmure 3Havoxk Tutor2 B BepxHEW YacTH JepeBa KOHCTPYUPOBAHUS
FeatureManager.

Haxxmurte kHONKY 3akpacuTh '.

. Haxxmute KHOIIKY PeﬂaKTI/IPOBaTB OBCT Ha IMaHCIW  HHCTPYMCHTOB

“CranpaptHas”. [losBuTcs AuanoroBoe okHO PerakTupoBaTh HBET .
Bri0epute B nasintpe HykHbIi 1BeT 1 HaxxmMuTe OK.
Coxpanurte netaib.

Co30aHue cbopku
Temnepb MOXHO CO371aTh COOPKY, UCIIOJIB3YS JBE JIETaJIH.

1.

2.

Eciu ¢aitn Tutorl.sldprt eme He OTKpbIT, HaxXkMHUTE KHONKY OTKpPBITH Ha
NaHeNu UHCTPYMEHTOB “CTanaapTHas” U OTKPOUTE €ro.

Haxmure kHonky Co3garh Ha MOaHenW HWHCTPYMEHTOB “CraHaaprHas’”.
[TosButcsa nuanoroBoe okHO HoBblit 1okymeHT SolidWorks.

. BriGepute Briagky YueOHOe mocoOue, HaXMUTE HA 3HAYOK COOPKH M HAXKMUTE

OK.

Bri6epute OxHo, OTOOpPa3uTHL OKHA CBEPXY BHH3, UTOOBI BHIBECTH HA DKpaH
BCE TPHU OKHA. 3aKpOITE JIMITHUE OKHA.

Ileperamnre 3Hayoxk Tutorl ¢ BepmmMHBI JgepeBa KOHCTPYUPOBAHUS
FeatureManager Tutorl.sldprt B nepeBo koHcTpyupoBanusi FeatureManager
B okHe cOopku (Asseml). Ilpu moOGaBneHum Aetanu B COOPKY MOJO0OHBIM
oOpa3oM B JeTanu aBTOMAaTUYeCKU (POpMHpyeTcs HMCXOAHAs TOYKa COOPKH.
Korna gerans popMupyeT HCXOAHYIO TOUKY COOPKH:

® UCXOJHAs TOUKA JIETAIN COBMAAAET C HCXOIHOM TOUKOU COOPKU;

® IUIOCKOCTH JIETaJId U COOpKa BBIPOBHEHBI 110 OTHOILIEHUIO JAPYT K IPYTY.
[Teperammre 3nauok Tutor2 w3 Tutor2.sldprt B rpadwuueckyro obimacTe OkHa
cOOpKH, TOMECTHUB €ro psAaoM ¢ Aetanbio Tutorl.

22



DEd @0 Mroos PrEWE Y DY AEAD (O% ARDTOY VBT RY .

u o | b
|| - o
LB || PP o
\n o »
9 e
18 =4
> .
Vo

e

*

Q

L]

[

o

H

<

<

w

"

9

u

J

-~

¥

&

Lt o
Torgte ity

7. Coxpanute coopky kak Tutor. (K numenu ¢aiina Oyaer 106aBieHO paciIMpeHue
.sldasm.) Ilpu mnosiBIEHUH COOOILIEHUS O COXPAHEHHWU COOTBETCTBYIOIIMX
JIOKYMEHTOB Haxxmute Jla.

8. IloTstHuTE 3a yroy okHa co COOPKOM, YTOOBI YBEJIIUUUTh €T0, UM HAXMUTE HA
3HauoK Pa3BepHYTH B MPaBOM BEPXHEM YTy, YTOOBI pa3BepHYTh OKHO BO BECh
skpaH. Jlasee HET HEOOXOAMMOCTH COXpaHATh Ha BUAY OkHa Tutorl.sldprt u
Tutor2.sldprt.

9. HaxwmuTte kHOTIKY U3MeHUTD B pa3zMep dKpaHa.

ConpsixeHUe KOMIMOHEeHMoea

B stom pasnerne ompenensiroTcs B3aMMOCBS3H COMPSDKEHUS KOMIIOHEHTOB B
cOopke, 6arogapss KOTOPbIM OHU POBHO M TOYHO MOATOHSIOTCS IPYT K APYTY.

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

2. Haxwmure kHonky ConpsikeHue Ha MaHeJIu UHCTpYMEeHTOB “Coopka” uiu
BbIOepuTe BeraBka, ConpsizkeHue.

3. Haxxmute Ha BepxHiol0 KpoMmky Tutorl, 3aTemM HaXMHTE Ha BEpPXHIOIO
HapyXHYIO KpOMKY BbicTymna Tutor2. KpoMku nosiBIIsSitoTCsl B cUCKe O0beKThI

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

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

[Tomosxxenne komrmoHeHTa Tutor2 B cOOpKe MOTHOCTHIO €Ie HE OMpeAeIieHo,
KaKk mokasbiBaeT mnpedukc (-) B gepeBe koHcTpyupoBanusi FeatureManager.
Tutor2 Bce ele HMMEET HEKOTOPYIO CTENEeHb CBOOOJBI MEPEeMEIIECHUs IO
HaMpaBlIEHUSIM, KOTOPHIE MIOKA HE TIOJYMHEHBI B3aUMOCBSI3SIM COTPSIKEHUS.

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

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

4. Haxwmute kHomky IlepemecTUTh KOMIOHEHT €I pa3, 4TOOBI BBIUTH W3
peKHrMa MEPEMELICHHUS.

JobaenerHue conpsikeHull

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

Bri6epure 311 rpanu

Haxwmurte kHonky Conpsiaxkenue.

Bribepute CoBnagenune u MakcuMaibHO 0JIM3KO.

Haxwmure IIpeaBapuTe/bHBII NPOCMOTP U1 IPOCMOTPA COPSIKEHMUS.
Haxwmure OK .

[ToBTopute maru ¢ 1 mo 5, BeIOMpas BepXHUE IPaHU 00OMX KOMIIOHEHTOB,
U1 [o0aBieHus Ipyroro conpsbkeHus Copnagenue.

SRR
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7. Coxpanute cOOpKY.

3. BAPUAHTHI 3AJIAHUM.

B pesynbrare BHINOSHEHHWs JaHHOM paboOThl JdOJDKHA OBITH CO3/aHa
TpeXMepHasi MOZENb AeTaid. VHIWBUAYAIbHBIM BapHaHT AETAIA ONPEHEISETCS
IIPENOAABATENEM ISl KAJKJIOTO CTYIECHTA.

4. HNOPAJOK BBINIOJHEHUA PABOTBI U METOAWYECKHUE
PEKOMEH/JALIUUN.

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

— VYKa3zaTh 3JI€eMEHTbI, COCTaBIISIIOIINE COOPKY, B TOPAJKE UX CO3JaHMUS.

— Ilepeuncauts onepauuu, KOTOpble HEOOXOIUMO OCYIIECTBUTH AJIs CO3aHUS
cOOpKHU.

— OTBETUTH HA KOHTPOJIbHBIE BOIPOCHI.
5. YKA3AHMUA 110 OPOPMJUIEHUIO OTYETA.
Kaxnp1it cTyieHT oopMIIsieT OTYET, KOTOPBIHA TOJKEH COIepKaTh:

— MHIWBHUYAJbHOE 33/IaHUE;

— ANTOpuTM, OTpa)karolIUK MOCJIENOBATENbHBIE 3Tallbl CO3JaHUS 3-MEPHOU
cOopKu;

— MepeuyeHb U XapaKTEepPUCTUKY OIIMOOK, JOMYIIEHHBIX B  IpOIEcCce

IIPOXOXKACHUS 3a0aHU;

— OTBETHI HA KOHTPOJIBHBIE BOMPOCHI.

6. KOHTPOJIBHBIE BOITPOCHBI.

1. UTO mpoMCXOAUT C TPEXMEPHOM COOPKOM MPU U3MEHEHUH Pa3MEPOB BXOSIINX
B He€ JieTaliell B mpoliecce padoThI?
2. Kakue BUJIbI COTIPSIKEHUSI MOTYT OBITH BEIOpAHBI MPU CO3JJaHUU COOPKU?
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JlabopaTtopHasa paboTta Ne4

Pabota ¢ anementamu u aeraynsimu. Pabota co coopkamu. Coznanue u
0(OPMIICHUE YEPTEIKCH.
1. HEJIb PABOTHBI.
Ienbro qaHHOM PaOOTHI SABIISCTC:
— MpuoOpeTeHrne HaBBIKOB MHXKEHEPHOTO pacuéTa cpeactBamu SolidWorks;
— 3aKperUieHUe HaBbIKOB B paboThl B cucteme SolidWorks;

[IpumepoM MOXET CIYKHUTh 3a7ada pa3padOTKU M HUCIBITAHUS B CXKAThIC
cpoku HoBoro rupokoopauHaTopa (I'K) yBemnmueHHO# MOOPOTHOCTH, KOTOPBIH
IpeacTaBisaeT coOOM KapAaHHBIA TOJIBEC C PAa3rOHOM pOTOopa MPYKUHHBIM
TUPOMOTOPOM pazoluieHHoro Tuna. Paborta Oblna pa3dbuTa Ha MoOcCiaen0BaTENbHbIC
JTaIlbl:

o co3ganue neraneit u coopka ['K;
IpOBEpKa COOMPAEMOCTHU U3/IEIHS;
pa3zpaboTka HEOOXOIMMON KOHCTPYKTOPCKOM JOKYMEHTAIIHH;
repeiada 3JIEKTPOHHOIO MAKeTa U3JEIUs B CMEXKHOE OTACIIECHHUE.
[Ipu 3TOM paccMaTpUBAIOCH 1BAa BAPUAHTA KOHCTPYKIUHA THPOKOOPAUHATOPA!
pOTOP KapJilaHa MOABECA BBITIOJIHEH COCTABHBIM;
POTOP KApJIaHHOTO IOJIBECA BHINIOJHEH HEIbHOMETAIUINYECKHUM.

I
Mogens 'K ¢ nenpHOMETAIITMYECKUM KapIaHHBIM TOJIBECOM.
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ITo pesynpratam 3D-monenupoBaHHs OCHOBHBIX JeTajieil mojseca (poropa,
BHYTpPEHHEH U HapyKHON pamMKu) ObLTH MOITYYCHBI TaHHBIE (MOMEHTHI MHEPIIUU H
MacCOBBIC XapaKTePUCTHUKH ), HEOOXOMMBbIE IS MaTeMaTHYeCKOTO
MoenrpoBaHus paboTel rupockomna. [Ipu padore ¢ 3D-Moaenpl0 OIEHUBAIUCH
JUHAMHYECKHE 3a30pbl MEXIY AeTansiMu KapaaHHoro nojseca. C TOYKH 3peHUs
coOMpaeMOCTH HauOOJBIINN HWHTEpPEC NPEACTaBIIIIM BOIPOCH OOECIIEUECHHUS
YCTaHOBKH pPOTOpa BO BHYTPEHHIOIO paMKy, BHYTPEHHEH paMKd B Hapy>KHYIO
pamky. Ilpu npoBepke Ha mMojenu ObUIM BBISABIIEHBI OIIMOKH, YTO MO3BOJMIO Ha
paHHMX JTanax IMPOBECTH HEOOXOJUMblE W3MEHEHHMsI B KOHCTpYKUMH. B
TUPOCKONMYECKOM  Npudope  O0JblIOe  BHUMAHHUE  YAENISETCA  BOMNPOCY
OaaHCUPOBKU KapJaHOBa MOJBECa U BXOSIIMX B €r0 COCTaB COOPOYHBIX €IUHULL.
Pesynbratel mpoektupoBanus B cucteme SolidWorks mo3Bonmim 006nerdyuTh
IpOIEAYPY OTPAOOTKM KOHCTPYKIIMU M OaJaHCUPOBKY JAHHOTO y3Jia U TOBBICHUTH
ypoBeHb pa3zpabotku mpubopoB. C 3toi 1mensto B SolidWorks Obut mpomsBeneH
pacdeT pacroyioKeHHs LIEHTPOB Macc:

e poTOpA;

o COOpOYHOI €IMHHIIBI: POTOP BO BHYTPEHHEH paMKe;

o COOpOYHOI €IMHUIIBI: KapJAaHOB MOBEC.
Jlna cBenenus: aucbanaHca K MUHUMYMY JIETald THPOCKoma (pOTop, BHYTPEHHSIS
pamKa, 3JIeMEHThl KPEIUIeHHUs1) ObUTA BHITIOJHEHBI CUMMETpUYHbIMU. ONIHAKO, MpU
paccMOTpeHHH COOPOYHOW EIMHUIIBI TOJIBEC, BCICACTBUE HECHUMMETPHUU OT Y3l
appeTUpa Ha HApPY)KHOM paMKe W HaJW4Ws Ma3a Ha HApYXKHOW pamKe, IS
NMPOXOXKACHUS K POTOPY JIEHTHI CO CTOPOHBI MPYXUHHOTO JBHUTraTess, ObLIO
BBISIBJICHO 3HAUUTEIBHOE CMEIEHHE IIEHTpa Macc OT TOYKH IMEpPEecedYeHUs ocei
BpameHus. Ha TBepmoTenbHON Momenn Hapy>KHOW paMku Oblia IpoBeaeHA
BbIOOpKa MeTalia C IEeNbI0 COBMEIICHHsS IIEHTPa MacC KapJaHHOTO TOJBeca C
TOYKOW MEPECEUCHUS OCEU BPALLCHHUS.
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