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KypcoBO# paboThl: YueOHo-MeToanueckoe nocodue / Ydumck. roc.
aBuail. TexH. yH-T. — Yda: YI'ATY, 2008. — 30 c.

B y4eOHO-METOAMYECKOM MOCOOMU HU3JIararoTCs METOJIMYECKUE pe-
KOMEHJIAIUK TI0 BBIMOJIHEHUIO KYPCOBOUM pabOThHI MO AUCHUIUIMHE «ABTO-
MaTH3alMsl TEXHOJIOTUYECKUX U MPOU3BOJICTBEHHBIX MPOLIECCOB B MAIlH-
HOCTPOCHUUN».

[Tocobue mpegHa3HAYEHO JIsSl CTYJICHTOB MH)KEHEPHBIX CHEIHUAIBHO-
CTE TEXHUYECKUX BY30B, HM3YYAIOUIUMX IUCLHHUIUIMHY «ABTOMAaTH3aLIMs
TEXHOJIOTUYECKHUX U MTPOU3BOJICTBEHHBIX TPOILECCOB B MAIIMHOCTPOCHUM».

Tab6n. 1. bubmmorp. 15 Ha3B.

Yyeono-wemoouueckoe nocooue pazpabomano
6 pamkax peanuzayuu UHHOBAUUOHHOU
00pazoeamenbHOu nPOZPAMMbL HOO20MOBKU KAOPOE
6 obOnacmu  UHPOPMAUUOHHBIX MEXHOI02UlL
NPOEKMUpPOBaHUs, NPOU3BO0CMEA U IKCHIAYyaAmauuu
CTLOHCHBIX MEXHUYECKUX 00beKm 06
(IIpuopumemmnbwlii HQUUOHAbHBLI RPOCKM
«0obpa3zoeanue»)

© Y pumckuit rocy1apCTBEHHBIN aBUAIMOHHBIN
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BBEAEHHUE

JlaHHas KypcoBasi pa0oTa SBJISICTCS CAMOCTOSITEJIbHOM paboOTOM CTy-
JICHTOB, M3YYalOIUX JUCHUIUIMHY «ABTOMATH3allUdsl TEXHOJOTHYECKUX U
MIPOU3BOACTBEHHBIX MPOIECCOB B MAIIMHOCTPOEHUH» M HOCHUT XAPAKTEP
MPEIBAPUTEIIBHOTO MPOECKTA aBTOMATU3AIlAY IPOU3BOACTBA C 3JIEMEHTAMU
MIPOEKTUPOBAHUSI U MOJICIIMPOBAHUS aBTOMATU3UPOBAHHBIX CHCTEM C II€-
JIbFO aBTOMATHU3AIMU YACTH TEXHOJIOTMYECKOTO Mpolecca.

B npoekre cTyaeHT, npu padoTe HaJl 3aJJaHiEM, MOKA3bIBAET 3HAHUS,
MPHUOOPETEHHBIE B IIPOIIECCe 00yUCHHUS.

OCHOBOI1 I BBIMOJIHEHUS MPOEKTA CIIYKAT: JICKIMOHHBIN Kypc [2],
7a00paTOpHBIA MPaKkTUKYM [6] U camocTosATeIbHas padoTa HaJl JUTEpaTy-
pOii, peKOMEHIOBAHHOM MPEToaBaTesieM B IPoIecce 00yIeHUs.

Ha BbImonHeHne KypcoBOM pabOThI, B 3aBUCUMOCTH OT KOHKPETHOMU
BPEMEHHOU JJIMTEILHOCTU Y4€OHOTO MpoIlecca B CEMECTPE, OTBOJAUTCS OT
HIECTH 10 BOCBMU HEJIETb.

B mpoiiecce BbINOTHEHUS KYpCOBOM pabOTHI CTYJEHT YUYUTCS caMo-
CTOSATEJILHO HE TOJIBKO PEIIaTh OTACIbHBIC 3a/1a4M, KaK 3TO JEIAeTCs, Ha-
MpUMEp, B MPOIIECCE BBHIMOJHEHHS JTa00paTOPHOTO MPAKTUKYMa, HO TaKkKe
pemath 3aa4y aBTOMaTU3alid B KOMIUIEKCE, C TOUKH 3PEHUS] CUCTEMHOTO
MOJIX0/a K 33/1a4€ aBTOMATU3AIMHA TEXHOJIOTUYECKOTO MpoIlecca.

KadecTBO BBINIOJIHEHUSI KypCOBOM pabOTHI BIUAET HE TOJIBKO Ha OIle-
HKY MO HEH, HO TaKXe, KaK MOKa3bIBAET MPAKTUKA, HA JATbHEHIIYIO CIIO-
COOHOCTh K CAMOCTOSITEIbHOMY PEIICHUI0 MHXKEHEPHBIX 3a7]a4 KOMILICKC-
HOT'O XapakTepa.

Jlannast KypcoBasi paboTa, €CJi pacCMaTpUBaTh peaibHOE TTPOU3BO/I-
CTBO C €r0 MHOTOYHUCJIEHHBIM Pa3HOOOpa3ueM HOMEHKJIATyphl BBITyCKae-
MBIX M3JEIUI B MAalIMHOCTPOCHUHU, OCOOCHHOCTbIO OpraHU3aluu MPOU3-
BOJICTBa, (akTOpaMu, HMEIOIMIMMU HEMOCTOSHHYIO MPUPOJY COOBITUI
(ctoxactudeckue (pakTopsel), SIBISIETCSA, B KAKOW-TO Mepe, MPUOIUKEHHOM
MOJIENBI0 aBTOMATU3allM1 TEXHOJOTUYECKOT0 Ipolecca. TeM HE MEHee, B
3aJlaHUM K paboTe OTpakeHbI T€ TPEOOBAHMS, KOTOPHIE BCTPEYAIOTCS B
OOJIBIIIMHCTBE CIYy4aeB U MOATOMY KaUYECTBEHHOE BBHIMOJHEHUE paOOTHI SIB-
JSieTCA, B OMPENENIEHHON Mepe, rapaHTHEH MPUOOPETEHUS! CYIIECTBEHHO
BAXKHBIX AJIEMEHTOB KOMIETEHIIMU B 00JIACTH aBTOMATHU3AIMU TEXHOJIOTHU-
YECKUX U TMPOU3BOJICTBEHHBIX MPOIECCOB B MAIIMHOCTPOCHUH, KOTOPHIE
TOJDKHBI C(OPMHUPOBATHCS y CTYACHTA B MpOIleccCe 00yUeHUS.



1. OEJIb PABOTHBI

I{esnbr0 KypCcoBOMl paOOTHI SIBJISIETCS aBTOMATH3aIMs TEXHOJIOTHYe-
CKOT0 TIpoIiecca olepaliy MeXaHnIeCKOl 00padoTKH.

1.1. 3agayu KypcoBoii padoThI

B mnpomecce BBITIOTHEHUS KYpCOBOM PadOThI CTYISHTOM JIOJKHO
OBITh BBIIMIOJIHEHO CIICTYIOIIEE.
1. O3HaKOMJIEHHE C YEPTEKOM JECTAIIH.
2. Onpenenenue o0bEKTa aBTOMaTU3alMKU (pabouyee MecTo, Y4acToK,
KOMILJIEKC 000pYy10BaHUSA).
3. Pa3zpabotka ykpynHennoro TII.
4. Bo1i6op obopynoBanus (MeTayuiopexymuii ctanok ¢ YITY unm 06-
pabaThIBAIOIIUN [IEHTP), IPOMBIILICHHBIN podoT, 3HY.
5. Beibop TexHomorudeckoi oneparuu u3 TII 1715 aBTOMaTH3aIIAH.
6. [TpoektupoBanue koMmnoHoBku PTK wiau I'TIM.
7. Pazpabotka 610k-cxeMbl pynkunonupoBanust PTK wau I'TIM.
8. Pazpabotka mukiorpamMmmsl padotel PTK wau ['TIM.
9. Pa3zpabotka cetu Iletpu, orpaxatomyto ¢pynkimonuposanue PTK
wm ['TIM.
10. Pa3pabotka ynpasistonieid nmporpamMmbl st ctanka ¢ YITY Ha
BCE MMOBEPXHOCTH, 00pabaThIBa€MbIC Ha OTIEPAITUH.

2. TEOPETUUYECKASA YACTD

ABTOMAaTH3alMS TEXHOJIOTUYECKUX U MPOU3BOACTBEHHBIX MTPOLECCOB
B MAIlITMHOCTPOCHUHU MPEANOJIaraeT OCMBICIICHHYIO 3aMEHYy Tpy/Ja padoue-
ro TpyJ0OM aBTOMATHYECKUX WJIM aBTOMAaTU3UPOBAHHBIX YCTPOMCTB, pado-
TAIOWIUX 10 YOPaBJISAIOLICH Tporpamme [2, 9].

ABTOMaTH3aIKs MPOLECCOB B MAIIMHOCTPOCHUHU MPEAINOIaracT Hc-
MOJIb30BAHUE TAKUX aBTOMATU3UPOBAHHBIX U TMOKUX CUCTEM, KaKk poOOTO-
TexHoJiornueckue koMiuiekcol (PTK), rubkue npon3BoACTBEHHBIE MOTYJIN
(I'TIM), KOTOpBIE COCTOST M3 TEXHOJOTUYECKOTO O0OpyaoBaHHUS (MeTa-
nopexymux ctaHkoB ¢ UITY), npomsinennoro podota (ITP), 3arpysou-
HO-HAKOMUTENBHOTO ycTporcTBa (3HY) i XpaHneHus U Bbljadu JeTaneu
U psga apyrux smeMeHToB apromaruszauuu. Jlanaeie PTK u I'TIM npegna-
3HA4YEHBI JJis1 0OpaOOTKU OMPEACICHHOI0 JHana3oHa HOMEHKJIATYpPhl Jie-



Tajel, QyHKIIMOHUPYIOT aBTOHOMHO B TE€UEHHE OMPEACICHHOTO BPEMEHU
(OT YeThIpex A0 BOCBMH YacOB) U MOTYT OBICTPO MEPENpPOrpPaMMHUPOBATH-
CAl.

ABTtomaTtuzupoBanHoe obopyaoBanue Tuna PTK u I'TIM otHOCHTCS
K paspsay JOPOTOCTOSAIIUX M MO3TOMY, YTOOBI Ha HAYaJbHOW CTauU pa-
OOT 110 aBTOMAaTHU3alIMKU HEOOXOAUMO, IIPEXkKJIE BCEro, MIPOBECTH aHAINU3 U
pa3paboTaTh TEXHUYECKOE 3a/IaHue, TOAKPEIUICHHOE PSIIOM MOJCICH.

Ha craguu ananusa omnpenensercss TUM BRIOMPAEMOTro TEXHOJIOTHYe-
CKOT0 000pya0BaHus, TpeOyeMbIii HHCTPYMEHT, CpEJICTBa aBTOMATHU3AIIUH.

IIpu aBTOMATH3aIMU TEXHOJOTMYECKOW OMEpalru MPUBOJIUTCS Bpe-
MEHHAsl CTPYKTypa omepanuu [2], rae OTpaKarTCsi BCE COCTABIISIIONINEC
00IIIero BPEMEHH IMKJIa BBIMIOJIHEHHS ONEpallMi — BCE TEXHOJOTHYECKHUE
M BCIIOMOTaTeNIbHBIE COCTaBIIsIfoIIME onepannu. Ha ocHOBaHMM aHanu3a
ATOM CTPYKTYphbl NMPUHUMAETCSI PEIICHUE, — KAKUE DJIEMEHTHI OIepaluu
MOTYT OBITh U JIOJDKHBI OBITH aBTOMAaTHU3UPOBAHBI.

ABTOMAaTH3alINM, TIPEK]IE BCETO, MOJJICKAT:

- YaCcTO MOBTOPSIOIIMECS MPOCTHIE OIEpaIMU, MOCKOJbKY HWMEHHO
OHH, BBUIY CBO€Y MOHOTOHHOCTH, SIBJISKOTCS MPUYUHOW HETOUHOCTEW, IMO-
IPEIIHOCTEH, BHOCUMBIX YEJIOBEKOM;

- OIepaIuy, KOTOpbIE SABJISIOTCS BPEIHBIMU ISl pabodero (MepeHoc
TSDKEJBIX JeTaliei, HeOe3omacHas sl yelioBeka padodas cpeja — 3araso-
BAHHOCTb, BPE/IHBIC UCIIAPECHUSI, IIIYM U TIP.);

- omepaluu, TpeOyIOIIue MOBBIIICHHOTO0 BHUMAHHUS WU IMMOCTOSTHHBIX
YMCTBEHHBIX HAIPSKCHU, HO UMEIOIIME BO3MOXXHOCTh MPOTrpaMMHUPOBa-
HUSI C TIOMOIIBIO BBIYUCIUTEILHON TEXHUKH;

- ¥ IPYTHUE aHAJIOTUYHBIC ONIEpPaLIH.

HemanoBaxHbIM (PaKTOpPOM SBIISIETCS U TO, YTO C KaXJIbIM T'OJIOM
CTOMMOCTh TpyJa 4YeJOoBEKa BO3pPACTAacT, a CTOMMOCTh pabOThl aBTOMAaTH-
YECKHUX YCTPOMCTB, BBHUY YACHICBICHUS CTOMMOCTHU JJIEMEHTHOM Oa3bl
BBIUMCIIUTEIIbHON TEXHUKH, YMEHBIIIACTCS.

Eme oguum akTopoM B MOJb3y aBTOMATHU3AIIUM TEXHOJIOTHUYECKUX
nporieccoB (TII), siBass€TCS TO, YTO YMEHBIIAETCS 3aBUCUMOCTD OT TEKyUe-
CTH KaJIpOB, OT, TaK HA3bIBAEMOT0, «4€JIOBEYECKOTO (haKTOpa».

IIponecc aBromatmzanuu TII 3akntodaercss B MOCIEIOBATEIBHOM
pelieHnu psja 3agad. KoHEUHBIM pe3ysibTaTOM SIBJISIETCS Bblgada PEKo-
MEHJAlMi 0 OCHAIEHUI0 paboyero Mecta HeoOXOJIWMBIMU CpEJICTBAMU
aBTOMATHU3AIMA U JOKYMEHTOB YMpaBIISIOIIEro xapakrtepa. K Takum n0-
KYMEHTa OTHOCSITCSI:



- OJ0K-cxema paboThl aBTOMATU3UPYEMOM CHCTEMBI;

- IUKJIOTpamMMa pab0Thl CUCTEMBI,

- p€3yAbTaThl MOJECIUPOBAHUS CUCTEMBI;

- YIIPABJIAIOIINE TPOTrPAMMBI.

[Ipy BRIMOJIHEHWH KYpPCOBOM pabOThI HEOOXOAMMO TOJIH30BATHCS HE
TOJILKO PEKOMEHIOBAHHOM MPEIOAaBaTeseM JUuTeparypou. B Hacrosiee
BpeMs yYCOHUKHU B KJIACCUYECKOM BapHaHTE YK€ HE MOTYT B MOJIHOU Mepe
OTpa3uTh T€ HOBBIE MOJIEIU OOOPYIOBAHMS U IJIEMEHTHl aBTOMATH3AIlUH,
KOTOpPBIE BBIMTYCKAIOTCSI TPOMBINLIEHHOCTHIO. [loaTOMY nipu BeiOOpE CTaH-
KOB, IIPOMBIIUICHHBIX po00TOB, 3HY u apyrux sieMeHTOB aBTOMAaTH3a-
1M1, HEOOXOIUMO TI0JIH30BaThCS JaHHBIMU B ceTh MHTepHET — Ha calTax
MPOU3BOAUTENEH TEXHUKHA MOXKHO HAWTH HOBBIE MOJIETN O00OPYIOBAHUS C
ONMCAHUEM UX TEXHUYECKUX XaPAKTCPUCTHK.

3. MOPAJOK U IPUMEP BBIITIOJTHEHUSI KYPCOBOM
PABOTbI

3.1. 3amanue.

CoryacHo cBoemMy BapuaHTy (cM. Tabi.1) HeoOXoauMo BbIOpaTh Je-
TaJlb-MPEJICTABUTEIIb, JJIsl IPOU3BOJICTBA KOTOPOM OyJIeT pa3padaThiBaThCs
ABTOMATHU3UPOBAHHBIA KOMIUIEKC M TEXHOJIOTMUYeCKur mpouecc. Konkper-
HbIE pa3Mephl JeTadu U HOMEpa MOBEPXHOCTEH i1 00pabOTKU yKa3bIBa-
I0TCSI TIPEToJiaBaTeIeM B MHAUBUAYAIbHOM 3a/laHUU.

Henocratomue pasmepbl MPOCTABIAIOTCS CAMOCTOSTEIBHO KOHCT-
PYKTUBHO (puc.l).

Tabmuna 1.
[Ipumep BapuaHTa 3aJaHMs B KypCOBOM padboTe
[lobepxrocmu Pasmepsi
0 0,
Vo Poms N0 T2 3 14 ] 5] MR
24 Puprob 7 + * + | 501 10| 50| 70| 20 76
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Puc.1. Bapuanrt neranu
3.2. Onpenenenre 00bEKTa ABTOMATH3AINH.

OObexToM aBTOMaTu3auuu sipisercs omepanus TII. Mcxons u3 3a-
JTaHUSI HEOOXOAMMO OTPEACIUTh — KaKue OINeparud He0OXO0IUMO OCYIIe-
CTBUTh HaJ AeTaliblo. B psne ciydaeB BBINIOJIHEHUE ATHX ONEpalnil He-
BO3MOKHO TOJIbKO Ha OJIHOM CTaHKE, MOXKET MOTPeOOBAThCsS JiBa pa3iiviy-
HBIX cTaHKa. Eciin B KauecTBe 000py0BaHMS BHIOMpaeTcss oOpabaThiBaro-
umid 1eHtp (OLl), To BO3MOXKHO BBINOJHEHHWE HECKOJBKHUX PA3IAYHBIX
omnepanuii (TokapHasi, pacTouHasi, ppe3epHasi, CBepJWIbHAs U JaXe HIIU-
doBanpHas) Ha TakoMm OLl. TloaToMy Bam HEOOXOIUMO MPOAHATUZUPOBATH
JeTanb U ONPEJEIUTh — KaKhe Olnepalud HeOOXOAUMO BBINIOJIHUTh. JTU
onepauuu TII u ABIAIOTCS 00BEKTOM aBTOMATH3aIUM B padoTe.

3.3. Pa3paboTka yKpYyITHEHHOIO TE€XHOJIOTHYECKOro Ipoliecca

TexHOMOTHYECKU TPOIECC MPEICTABISCTCS C YKa3aHUEM HOMEPOB
oTepalyii, MoCIe0BaTeILHOCTH 00pabOTKN MOBEPXHOCTEH, YKa3aHHBIX B
tabnuie 3amaHuii. HeoOXoauMo ompeaennTh COCTaB OIepalldid, BBIMOJI-
HSCMBIX Ha TOM HJIM MHOM pabouyeM MecTe, BHIOpAaTh HHCTPYMEHT M TPH-
BECTH €To mapameTphl. Onepanuii MOKET OBITh OJHA I HECKOJBKO.

TexHomornueckuii mporecc pa3padarsiBacTCs TOJBKO Ha BRIOpAHHBIC
MOBEPXHOCTH JICTANIA, YKPYITHEHO, HAIIpUMED:

1 Ycmarobume demans 6 npucnocoonequy Ha Cmose CmarHka
2 Ppesepobame nobepxHocme 2

2 Ppesepobame nobepxHocme 3

4 (bepnums ombepcmue 4

5 Hapesamb pe3swdy (nobepxHocme 4)



Ilpu STOM  yKa3bpIBaKOTCS:  MOCJIEIOBATEIBHOCTh  OIEpalldM
(cM.Ta6:1.2), BEIOpaHHBIH MHCTPYMEHT (CM.Ta0J1.3), a Tak)Ke ICKHU3BI ITUX
MHCTPYMEHTOB (puc.2 — 4).

N onepa- Uopacameifaermsie
yuy nobepxHocmuy WHCmpymerHm
2| llobepxrocime 2 Ppesa koHyebas ¢ yumuHopuYeckur Xbocmobukom
7| llobepxHocme 3 Ppesa koHyebas © yumnuHgpuYeckum Xbocmobukom
4 | llobepxHocme 4 (Bepro cnupaibHoe
5| llobepxrocme 4 Memyuk

[Tobepxrocmu 2 v 3 oopadamsibawmcs @pesou koHyebou ¢ yunuHgouyeckur xbocmobukor (no [OCT
17025-716 ped 1995 2/

laonuya 3
[laparemper BeoparHou @pess
d [ [ Yucno 3yobel
20 121 45 6
d
]
L
Puc2 Konuebas gpesa
Lna cbepnequs ombepcmus npumerur cbepto © dbouHou 3amoYxou
C N00MOYKOU NONEPEYHOU KPOMKL:
laonuya 4
[lapamempsl cbepia
J Jamoyka [lonepeyYHas Kpomka [lepemsraxa /1
Yzon o b a [ h k
16 7 25 75 J 15 23 75

Puc3 (bepio
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Puc 4. Paszbepmka
3.4. BeiOop obopyaoBaHus

Br10op 060pyaoBaHMs 3aKII0YAETCS B BEIOOPE:

- ctanka ¢ UIIY;

- MPOMBIIIIJIEHHOTO PO00Ta;

- 3arpy304YHO-HAKOMHUTEIBHOTO YCTPOUCTBA;
- IPyTUX CPEJICTB aBTOMATHU3AIIUH.

Heo0xoamMo BeIOpaTh COBPEMEHHBIN MPOMBIILUICHHBIN pOOOT U JIpy-
r'Me Cpe/ICTBa aBTOMAaTHU3AIMHU (PEKOMEHAYETCS BBIOOP OOOPY/IOBaHUS W3
HNHTtepHeTa ¢ caliTOB MPOU3BOJAUTENCH 000pYI0BaHUS), 00ECTICYMBAIOIIIUX
aBTOHOMHYI0 paboTy PTK Ha mpoTsiKeHUN HECKOJIbKUX YacoB.

VYKa3bIBatOTCSI CXEMBbI YCTPOUCTB M UX TEXHUUYECKUE XAPAKTEPUCTUKH
Hanpumep, npu BeiOOpe cTaHka (Qpe3epHOU TpymIibl, a TaKKe MPOMBbIIII-
JIEHHOTO po0O0Ta MOPAJIOK MPEJICTaBJICHUS Mpoliecca BhIOpa OyneT npu-
MEpHO CIEeAYIONINH (fanee Mo TEKCTY KypCUB O3Ha4aeT mpumep opopmiie-
HUSI TIOSICHUTEJIbHOM 3aMUCKH).

Beidop cmarnka

L1719 00paoomky ApecoxeqHol demany Beioepem BepmukaibHo-@pe3enHsil CIMaroK C KPecimo-
Beim cmosiom ¢ kowmypHou cucmemou 979 modeny 655093
Xapakmepucmuky Cmanka npedemabriexs! & maoiuye 5.

labnuya 5
Xapakmepucimuky CmanKka
[loparemp 655093
Pasmepsl pavoyeu nobepxHocmy cmoia 500*7000
Hauodo/bue nepemelyeHus cmo/a
[lpodornbHoe 800
[lonepe4roe 500
UnuHdenbHou Oacky 530

10




[ U/ib3bl WUHOE/ T -

PaccmoaHue om mopya WwiuHdens do RoBepxHocmy cmoia 100-630

Brympenrun koryc wiundens no FOCT 15945-82) 50

Yucsio ckopocmed wiuHoens 20

Yacmoma Bpauequs wnuHdens, 00,/ Muk 20-1600

[lodaya, M/ MuH

Cmona 4.8-1200 (cmynern+amas)
UnuHdesbHou Oaoky 4.8-1200 (cmynenyamas)
Ckapocmb CkICmpozo NepemMeLERLS, MM/ MUK

(mona 1200-4800
WnuwdesbHou oaoku 1200-4800

Mowrocme 3/ekmpodbuzamens npuboda ziabHozo dbuxeHus; KBm o}

[ adapumrsie pasmeps!

Lnuma 5000

Uypura 7550

Beicoma 3780

Macca ke 10490

Brifap npomsiuneHHo20 pooomda

B kayecmbe npombiierHozo pooomd, 00C/iyxubaniezo BeoparHsill CIMaroK, Broeper npomsi-
f1ekrbIl pooom modeny YMI60P 28101 umewwuy 4 cmenequ nodbuxxocmy. Podom 9M16092 8107

NPEOHASHAYEH /19 00C/YXUBarus zpynne U3 dByx = wecmy — CmaHkol u uMeem cucmemy npo-
2pammHoz0 YRpat/eHus

laonuya 6.
Xapakmepucmuky poooma

11
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[ pyY30n00eMHOCTIE CYMMAPHAS, Ha O0HY PUKY, K2

160,160

Konuqecmbo cimenerey nodBuxHocmy 4
Tun cucmems yrpabrequs [Io3uyuoHHas
[lozpewHocme nouyuoHupoBarys, MM a5
MakcumasibHele nepemelexus [lo 2opu3oHman 16000

[lo bepmukanu -
Ckopocmb fUHELUHBY NEpEMeLeHUL, M/C | [To 2opu3oHmany 12

[lo Bepmukany -
EMKOCTB NaMamy CUCMmems! ynpab/ieHus 05 Koaum
(nocoo npozpamupobarius Joyyerue
(pedcmba adanmayuy U abmomMamu4eckoly CMeHsl 3axbamol (73 WK AH
Tun npuboda audpabmuqeckuy
Yuc/o npozpammupyemsly KoogpauHam 4
Yucno puyk/3axbamob Ha puky /1
Hauoonbwuu Beliem puku 2300
Ckapocme yz/iobeix nepemelesu,  /C 20- 90
Macca kz 6500
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Puc.6. [lpomeiierHsit pooom

JaxbamHoe ycmpodcmbo (3axbam) npombiLAeHHO20 pO00MA APETHAIHAYEHD 015 JaxBamsibarus
NPEecMema oopacomky U LOBpXaHUs e2o b npoyecce nepemelyeHus. Bud saxbama onpedensemcs gop-
MOL, pasMEDOM, Maccod U choucmbamy 3axbameibaemozo npedmema oopacomkL, a makxe CheyuoLye-
CKUMU MPeoobarusmy MeXHO/IDZUYECKO20 NPOYECca

178 3azpysku Mema/io000paoampbaniux CmaHkol, kak npabuio, Ucnos3Yem MeXaHUYeckue
JaXUMHbIE YCmpodcmba KpoMe 3aKpenieHus 3a2omabku 3my Yompoucmba BuinoHsum QuHKyuY opu-
BHIMAYUL U YeHMPLpoBakus npecmema oopaomkL.

Buwioop 3azcpy3ouno-nakonumenvnozo ycmpoiicmea

Buibupaemcsa 3HY ¢ éepmukanvhou opuenmayuetl 3a20mosox u oe-
maneu Ha naremax. [leudcenuss opuenmayuu oemaneti — 6 NPOCMPAHCI-
8eHHOU cucmeme Koopounam { Hl’ H2, H3 J). BHY umeem mnezasucumvle

mooyau opuenmayuu (1, 2, 3). Moocem ucnonvzosamuvcs 051 3a2py3Ku
PA3TUUHBIX CMAHKO8 0eMaiiaMu CPeOHUX pasmepos.
Ha puc.7 npeocmasnen obwuii 6uo oannozo 3HY.
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Puc.7. 3acpy3zouno-nakonumenvrnoe ycmpoucmeo
3.5. Beibop TexHonornueckoi onepanuu u3 TII ayist aBToMaTu3aum

B psine ciydaeB, Kak y)X€ OTMEYasaoCh BBIIIE, aHAIU3 TPEOOBaHUM K
00paboTKe JeTaM MOXKET MOKa3aTh, YTO 00pabOTKa COCTOUT U3 JIBYX WU
TpeX TEXHOJOTHUECKUX omepanuii. Kak n3BeCTHO, TEXHOJIOTHYECKast OIe-
panus BBITIOIHSETCS Ha OAHOW enuHuIle 00opyaoBanus. Eciu mo pesyiib-
TaTaM aHaJu3a BBISICHWIOCH, YTO 00paboTKa JIeTanyu Mo 3aJAaHuI0 MPEAIo-
JaraeT ABe Wi 0ojiee TeXHOJOTHYECKHX OIEepalnii, TO B paMKaxX Kypco-
BOM pabOThl HEOOXOAUMO BHIOpPaTh OJIHY W3 HHUX, JJIs1 KOTOPOH B Jajib-
HelieM 1 0yneT pazpadaThiBaThCd KOMIIOHOBKA, MOJIEb U YIIPABJISIONIAS
nporpamma. Jjist oneparuu HeoOXOAMMO COCTABUTh BPEMEHHYIO CTPYKTY-

py-

Ananuz epemennol cmpykmypul
Bpems ona obpabomxu oemanu:
T2=tobp.+ t3no.+ tpno.+ tnep.+ tnoo.+ tyc.0.+ tc.0.+ tuu.+ to+
tnpocm. +tnepeo
t06p. — 8pems oopabomku
13n0. — 8pems 3a2py3Ku napmuu oemanei
Ipno. - 8pems pazepy3Ku napmuu dema’eu
tnep. — 8pems nepeHalaoKu CmaHka
tnoo. — 8pems NOOHANAOKU CIMAHKA
tycm.o — 8pems YCMaHo8Ku 0emanu;
fCHAM.O. — 8peMs CHAMUS 0emau;
tuy — 8pems umeHus uepmednca;
to — epemsi omovixa;
tnpocm. — 8pemsi NpOCMos

14



tnepeo — epems nepedsudicerus poboma
C yenvio ynpowjenus npumem:
T2=tobp + tnep. + tyc.0. + tc.0. + tnepeo.

3.6 IIpoextupoBanue komrnoHoBku PTK v ['TIM

Jl1st BBIOpaHHOTO 000pYyAOBaHUS, X042 TEXHOJIOTHYECKOTO Mpolecca
Y onepanuy npoektupyercs komrnoHoka PTK.

HeoOxoaumMo BeIOpaTh U HauepTUTh (Ha aucte popmara A4) kommo-
HOBKYy PTK ¢ ykazanmem mo3unuii o0OpyAOBaHUsS U TaOAPUTHBIX pa3Me-
poB KoMIuiekca. /laTb 060cHOBaHUE BBIOOpA COCTaBa BCIIOMOTATEIbLHOIO
000py0BaHMs U KOMIOHOBKU. HeoOX0oAMMO Ha OTJEIbHOM JIUCTE COCTa-
BUTh TPACKTOPHUIO JBHMXKEHMS 3aXBaTHOro ycrpouctsa I[IP ¢ ykazanuem
OTIOPHBIX TOYEK, CTemeHeu moapmxHocTu [P, ydacTByrommux B padore.
[IpencraBuTh MOAPOOHYIO CTPYKTYPY BPEMEH IMPU BBIMNOJHEHUU KaKOW-
anbo omepanuu. YKa3aTh COCTaB KOHTPOJHMPYEMBIX MapaMeTpoB B IPO-
necce odpadotku. Ha puc.8 mpeacraBiieH mpuMep KOMIIOHOBKH Ha 0ase
TokapHoro cranka ¢ UIIY u mopransHoro pooora.

Puc 8 Komnorobra PTK

PIK brmoqaem 6 ceos locHobreie 3nemermsl)T) MPC muna 16K2093- 2) 1P M&OIT108 01 3) 3HY
Mody/bHo20 muna; 4) Mazasur uHcmpymermob

3.7. Pa3zpaboTka Onok-cxembl pyHkimonupoBanusi PTK unu I'TIM
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[Ipu pazpabotke Omok-cxembl ¢yukimonupoBanus PTK wmu I'TIM
HEOOXOIMMO COCTaBUThH TpacKkTopuro aABMkeHHs [IP B Buae omopHBIX TO-
YeK, Kak 3TO MpeJICTaBIIEHO, HallpuMep, Ha puc.9.

|

Puc.9. Tpaekropus nBuKeHUA

[Tocne 3Toro HEOOXOAMMO COCTABUTH camy OJoK-cxeMy padoTsl PTK
C y4eTOM TOro, 4To oOpalaTbIiBaeTcsl HEKoe KoinuecTBo naeraneit 1. [pu-
Mep odopmieHus OJOK-cXeMbl MpejacTaBieH (parmeHToM Ha puc.10.
[IpaBuna 1 BapuaHT MOCTPOCHUS OJIOK-CXEMBI U IMKJIOTPAMMbl PACCMOT-
peHsbI B r1aBe 4 mocobus [2], a Takke B 1a00paTOPHOM MpaKTHKyMe [6].

( Hauano ) — Mopaa
aetann 3HY
] ]
[=20: Haqaanog Pyka MP & 7.2
Nono)exHue — 1.1;
naTpoH n cxsaT v
pasxaTbl 3axnm
cxarta [P
Kapetka NP B v
Tf Pyka P B T.2
Pyka NP B T.2' . V .

Puc.10. biok-cxema pa6otst PTK
3. 8. Pa3paboTtka nukiorpammsl padoTel PTK wmm I'TIM
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[Ipu moctpoenun mukiorpammsel padotel PTK wnu I'TIM Heob6xoau-
MO oTpa3uTh Bce daeMeHTsl [ TIM unu PTK, ux asmwxkenus. Macmtad 1iuk-
JIOTpaMMBbI JIOITyCKaeTCsl OTpa)kaTh NpuoamkeHHbIM. Ha puc.11 npencras-
JIEH MPUMEP UKJIOTPAMMBI.

Bpewms, cek

AewcTeus 1 23465....

TToabEM YKV
OnyckaHue pykv
BTrarnsaHune pykn
BbigBmkeHne pyku
[MoBOPOT pyKK
3axBaTt OTKPbIT
3axBart 3akpbIT
BknioyeHne PTK | J

ne

BbikntoueHune PTK
3axum getanu
Pas3xum getanu
O6paboTka no YI1 1

PaGota 3HY —‘

MPC

3HY

Ty (Bpems uukna)

[t

Puc.11. ITpumep obopMiIeHUS [TUKIOTPAMMBbI
3.9. Pa3zpabotka cetu Iletpu

[Ipu moctpoenuu cetu lleTpu HEOOXOAMMO MOJIB30BATHCA PE3YJIbTa-
TaMH OJIOK-CXeMbl M IHKJIoTpamMMbl padoThl PTK, mocTpoeHHbiMu panee.
Cets IleTpu nomkHa oTpaxarh NOPSA0K (GYHKIIMOHUPOBAHUSI CUCTEMbI B
BUJIe rpada ¢ mepexogamMu U yCIOBUSIMU MEPEXO/IOB.

Ha puc.12. IlpeacraBnen ¢parment cetu I[letpu. B Ta61.7 mpen-
CTaBlieH (pparMEeHT OnucaHus cocTosiHuii cetu lletpu (mepemenHbie A) U
3HA4YEHUU yclIoBUH nepexoja (mepemenHbie x). Hago oOpatuth BHUMaHUE
Ha TO, 4TO ceTh lleTpu Takke, Kak U LHHUKIOTpamMMa, TOJDKHA OTpaXkaTh yC-
JIOBHBIN MEPEXOJ] B CIy4yae MPOBEPKHU HA BBIMIOJHUMOCTh BCEW MApTUH JIE-
tanei (mapametp I). st 3TOro, Takxke, Kak U B OJOK-CXEME, UCIIONIb3YEeTCs
CUETUMK TOTOBBIX Aeraneu i. M ecnm i=I, To noctpoenue cetu lletpu 3a-
KaHYMBaECTCH.
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Puc.12. ®parment cetu lletpu

TabOmnura 12
Tabauia coCTOSHUN U IEPEX010B

CocmosiHus 3HaueHus ycrniosuli nepexoda
A0 — ucxodHoe cocmosiHue X0 - ekmoyeHue PTK
A1 — Kapemka P 8 mouky 2 X1 — Kapemka P 8 moyke 2
A2 — Pyka P 6 moyky 2’ X2 - Pyka [P 8 mouky 2’
A3 — 3axum cxeama [P X3 — Cxsam [P 3axam
A4 — Pyka P 8 mouky 2 X4 — Pyka P e mouke 2
AJ-2 — Kapemka 8 mouyky 1 Xj-2 — Kapemka 8 mouke 1
Aj-1—i=l Xj-1 — UCMUHHO/NOXHO
Aj — ocmaHoska PTK Xj— PTK ocmaHosrneH

3. 10. Pa3paboTtka ynpasistoiiei nporpaMmmsl st ctanka ¢ YITY

Pazpabotka YII Begercs 1iisi yKa3aHHBIX paHee MOBEPXHOCTEH JeTa-
JU B CUCTEME pa3pabOoTKH yrpaBisitomux mporpamm 'eMMa 3D. Pesyinb-
TaTbl pabOTHI MPOrpaMMBbl JIOJHKHBI OBITh MPEJICTABICHBI B BHJIE 00pa3a
AKpaHa M TekcTa nporpammel (puc.11-12 u tabm1.13).

01

par?

ol c:\peps \pepspost\ fanucémb \ fanucémb
view Xy

win x-0 y-0 z-0 x100 y 700 z1700

pl x10 y30

p2 x80 y30

sl= plp?
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p3 x80 y70
s2=p2p3

p4 x10 y70
s3=p3 ph

S4 =pl p4

k1= plIsTp2 Is? p3 Is3 p4 Is4 pl ek
cl=x45 y50 8
k2 = acl ek

era

draw k1

draw k2

fool 7 d5

y50

qgot p2?

pro p22 Icl p22
qoh

Puc.11. Yopasnstomasa nporpamma B cucteme PEPS

B KOHIIE TOACHUTENBHON 3aIIMCKU YKA3bIBAECTCS CIIMCOK JIMTEPATYPHI.
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{8 reMMa-3D - unknown - unknown =10 x|
Paiin  Mzobp, Cosaate [peMTHERl Mogwd, [Opecbpas,  Msmep, ¥THOMTEl ¥poBHW  Makpoc Obp, 20

Basepat & 3l

_I_I_I_I_I . o s e R = = O [ S T
(

arin  Mpaeka [MNoMck

Mepexod  ¥THAWMTEI
lzMep,

PARTHOA -
RACHIM Azumment, M C-zyzt
CakGeMbda-30 .95
MODELAC:\Program Files
DRAFT Adraft
ISER fuzer
SRC/C:AProgram FileshG
HCPROGRAM/2.C:\Proc
k4SS /0.0000,0.0000,10
1.0000000,0. 0000000
(0.0000000,1. 0000000
0.0000000,0.0000000
ORIGIM0.0000,0.0000,1

ELEEKHD 0aa0.500, EIEE[lll

Buaura: Brn

¥ | 22.52 ¥ | 77.85 ro B TB | v

Puc.11. Ypasnsaromasa nporpamma B cucteme I'eMMa-3D

4. TPEBOBAHUA K COIAEPKAHUIO U O®OPMJIEHUIO
JOKYMEHTAIIUU PABOTBI

KypcoBas paboTa qo/KHA COIepKaTh CIEAYIONTNE dJIEMEHTHI.

1. TUTYyABHBIN JTUCT C YKa3aHUEM BapuaHTa paOOTHI.

2. 3ajaHue ¢ 4YEpPTEeKOM JETaIM U €€ pa3Mepamu. Hemocraromue
pa3Mepbl MPOCTABIISIIOTCS CAMOCTOSTEILHO KOHCTPYKTHUBHO.

3. Texnomormueckuit mpouecc (TII). Texnomormdeckuid mnporiece
MPEJICTABIISIETCS. C YKa3aHUEM HOMEPOB OIEpallui, MOCIe0BATEIbHOCTU
00pabOTKH MOBEPXHOCTEH, YKa3aHHBIX B TaOmuie 3amanuii. HeoOxomumo
ONPECIUTh COCTaB OINEpalnii, BHIMOJHIEMbBIX HA TOM WM UHOM padbouem
MeCTe, BBIOpATh MHCTPYMEHT U MPUBECTH €ro MnapameTphl. Onepanuii Mo-
KeT OBITh OJJHA I HECKOJBKO.

4. Beibop obopynoBaHus. B coOTBeTCTBUM ¢ pa3paOOTaHHBIM TEX-
HOJIOTUYECKUM MPOIECCOM HEOOXO0AMMO O0OCHOBATh U BHIOpaTh HEOOXO-
IUMOE COBpPEMEHHOE MeTauiopexyliee obopynoBanue ¢ YITY. Ilpusectu
XapaKTepUCTUKU 000pyJIoBaHUS (CTaHKa, poOOTa M JAp. PJIEMEHTOB aBTO-
Matu3anun). st podoTa He0OX0MMO MPUBECTH CTPYKTYPHYIO CXEMY.
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5. Beibop omnepanuu 1y aBTOMaTU3allMu. ABTOMAaTU3aIlMu B po0OO-
torexHonornueckom komiuiekce (PTK) nmoanexar Bce onepauuu, onpee-
JeHHbIC paHee. Eciu TpeOyroTcs aBa cTaHKka (Harmpumep, TOKapHbIA U (pe-
3€pHBII), TO Ha KOMIIOHOBKE JIOJKHBI OBITh 00a CTaHKa.

6. IIpoexktupoBanue komnoHoBku PTK. HeoOxommumo BwIOpath co-
BPEMEHHBIN MPOMBIIUICHHBIA POOOT U Jpyrue CpeicTBa aBTOMATU3AIUU
(pexoMeHayeTcst BBIOOp o0opyaoBanus u3 MHTEpHETa ¢ callTOB MPOM3BO-
auTenel ooopyaoBaHus), o0ecrnednBaroIe aBToHoMHy10 padoty PTK nHa
MPOTSHKCHUU HECKOJIbKUX 4acoB. HeoOXxoauMo BbIOpaTh W HAYepTUTH (Ha
mucte hopmara A4) komnoHoBky PTK ¢ ykazanuem mo3utiuii 000pyaoBa-
HUS ¥ Ta0apUTHBIX pa3MepoB KomiLiekca. J[aTb 000CHOBaHHME BBHIOOpA CO-
CTaBa BCIIOMOTaTeJIbHOTO 000OpyAOBaHUS U KOMIIOHOBKHA. HeoOxoaumMo Ha
OTJIETbHOM JIUCTE COCTaBUTh TPACKTOPHIO JIBMXKCHUSI 3aXBaTHOTO yCTPOM-
ctBa [IP ¢ ykazaHneM OMOpHBIX TOUYEK, CTENEHEN MoABMXKHOCTH [IP, y4a-
cTBywIuX B padote. IlpencraButh moApoOHYIO CTPYKTYpPY BpPEMEH MIpHU
BBITIOJIHEHUM KaKOW-TM0O0 omepaluu. YKazaThb COCTaB KOHTPOJIUPYEMbBIX
mapaMeTpoB B IpoIiecce 00padOTKH.

7. MonenmupoBanue padotsl PTK. Heo0x0a11uMo coCTaBUTB:

- onok-cxemy pabotsl PTK nms maptum geraneit;

- 1ukiIorpammy pa6otsl PTK;

- noapoOHnyto ceth [letpu mist pynkimonuposanusi PTK;

- yIOpaBJIAONIyI0 nporpammy mis ctanka ¢ UITY nmpu oOpaboTke
yKa3aHHbIX MoBepxHOCTeH. [Ipu 3TOM yKa3zaTh TPaeKTOPHIO UHCTPYMEHTA.
[ToMecTUTh B MOSACHUTENBHYIO 3aIIMCKY 00pa3 KpaHa OJHOM U3 IporpaMm
(TPaCKTOPHIO HUHCTPYMEHTA).

JOINOJTHUTEJIBHBIE YCJIOBUSA

a) IIpu cocmasnenuu cemu Ilempu, Heob6x00umMo yuumvieamo HAIU-
yye 0amuuKo8 NnOOMeEepPHCOeHUsE OMpAadbOmMKU KOMAHO poOOmom u opyau-
MU YCmMpoUucmeamu.

0) IIpu paspabomke ynpagnsaoujei npocpammsl UCNOIb308aMb NPO-
epammuvli nakem I'eMMa 3D (c paspewenus npenooasamens 0OnycKa-
emcs ucnoivsosams nakem PEPS unu xaxou-iubo Opyeou, eciu 5mo ceési-
3AHO C NPOU3BOOCMBEHHOU HEOOX0OUMOCMbBIO ).

8) Ilpu cocmaenenuu yukI02pamMMvl 8pEMEHA BbINOJIHEHUS 8CNOMO-
2aMeNbHBIX OBUNCEHULI pOOOMAaMU U OpY2UMU YCIMPOUCMBAMU ABMOMAMU-
3ayuu 6epymcs NPUOIUINCEHHO.

2) Ilo coenacosanuio ¢ KOHCYIbMAHMOM OONYCKAEMCs 3aMeHd No-
cmpoenus cemu Ilempu, 610K-cxeMbl U YUKIOSPAMMbL HA NPOSPAMMHYIO
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UMUMAYUOHHYI0 MoOdelb hyukyuonuposanusi PTK ¢ snemenmamu anuma-
yuu 6 cpeoe Delphi.

0) Ilpu konuposanue uyscux padbom mema 3aMeHsemcst HOBOU U YHU-
KANbHOU, HO OYeHKA NpU IMOM He MOXdcem Oblmb 8bluie OYEHKU «Y008Jle-
MBOPUMETILHO ».

5. BAPUAHTHI 3ATAHUM

BapuaHT 3amanus npeacTaBlieH B BUJIE WHIWBHUAYaJbHBIX JTaHHBIX B
Tabauiie (cM. oOpaselr B Ta0i1.14) u pucyHka netanu (HOMep COTJIaCHO Ba-
puaHTa) ¢ pa3MepaMu, KOTOPbIE YTOUHSIOTCS B UHIUMBUIYaJIbHOM 3aJaHUU
npenojaBaTeraeM (KaXKIbli roja mapaMeTpbl TaOJWIBI MEHSIOTCS Ha HO-
BBIC).

TabOnura 14
BapuanTsl 3ananuii
Mpynna - XXX-XX, 3apgaHusa no kypcoBoun pabote, AT n N
Ne [ ®. K.0. Ne | NoBepxHoCTU Pasmepbl
1123145611 |12 |I3 |14 I5|d1|d2 [d3|d4]|d5 | M1/R
1 | BaHOB 1T+ +|+[+]+ 50 | 50 | 50 | 200 50110 | 30 36

30 | AkyHuH 3|+ |+]|+|+[+]+]50]35[25(150 95| 40145]70( 150
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HeykasaHHble paguycbl ckpyrnenus - R5

HeykasaHHble dhackm - 3x45 rp.

HeykasaHHble pa3mepbl - KOHCTPYKTUBHC
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HeykasaHHble pagunycbl ckpyrneHus - RE
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HeykasaHHble pa3Mepb - KOHCTPYKTUBHC
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