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JIABOPATOPHAS PABOTA Nel
Co3nanme yepre:xeid Ha ocHoBe Moaesin B CAIIP SolidWorks

|. {EJIb U 3AZJIAYUN PABOTHI
[Tonyyenue HaBBIKOB OhoOpMIIeHUS] KOHCTpYKTOpckux ueprexeit B CAIIP
SolidWorks.

Il. TEOPETUYECKUE CBEJJEHUA

CpencTBa aBTOMaTH3allMM TPOCKTHPOBAHUS, BKJIIOYAIONIMNE BO3MOKHOCTH OOBEMHOTO
apaMeTpUUecKOro MOJAEIMPOBAHUSA M CO3/1aHUsl KOHCTpYKTOpckod nokymenrauuu (KJI), Bce
aKTHBHEE BXOJST B Hallly [TIOBCEJAHEBHYIO K13Hb. Korga-To, Ha 3ape aBToMaTH3aluy, CUUTAI0Ch
OOJIBIINM TOCTHXKEHHUEM HAUEPTUTDh YePTeX Ha KoMmIbioTepe (B 2D-cucreMe — Ha 3JIeKTPOHHOM
KYJIbMaHE€) — 3TO 00ECHEeUnBaJIO COKpAIIEHHE CPOKOB BHECEHUS M3MEHEHMH B JJOKYMEHTAIUIO.
Opnako ceiiyac HEOOXOAMMOCTh BbIUEPUMBAHUA MpoeKIuii u cedennit B CAD-cucteme MOXKHO
OTHECTH, CKOpEEe, K €€ HEeJ0CTaTKaM, IOCKOJbKY MPOrpecc LIarHyJs JajieKo BIEPE] U YEpTEx U
Tenepb  co3maloTcsi Ha  ocHoBe  3D-mojened, aBTOMaTHYeCKH  OOpa3MEpUBAIOTCH,
MacIITaOUPYIOTCS 1O JUCTY U OOHOBIISAIOTCS IPU U3MEHEHUU UCXOJHON MOJIENH.

YepmeoicHole 610bl

Bpemennbie ocu. OueHb 4acTo JIMHUM CEYEHUS JOJDKHBI MPOXOAUTH TOYHO IO LIEHTPY
OTBEpPCTHUS WM Tell BpamieHus. Her HeoOXoIuMoCTH co3/1aBaTh JOMOJHUTEIbHYIO T€OMETPHIO.
[Ipocro npuBsA3bIBaliTECH NPU NOCTPOCHUU JIMHUM CEYEHUS K BpPEeMEHHBIM oOcAM (0cAM
OTBEPCTUH M JAPYIHX 3JIEMEHTOB BpamieHus). s 5Toro HeoOXOIUMO BKIIOYUTH MX. B MeHIo
Buo Beibepute Bpemenuvie ocu 1 0TOOpa3UTE UX.

CxpsoiTHe kpoMok. [Ipu oroOpaxenun cryneHyarbix paszpe3oB no ['OCTy kpomkwu,
JeKallue Ha IpaHMIle CeKYHIMX IUIOCKOCTEH, NOMKHBI ObITh CKPBITHL s aTOTO, yAep:kKuBas
Hakaroi knasuiny Ctrl, BeIOepUTe KPOMKH, KOTOPBIC HY)KHO CKPBITh, 3aT€M Ha)XMHUTE MPABYIO
KJIQBHIL'Y MBILIH U B KOHTEKCTHOM MEHIO BbiOepuTe CKpbimb KPOMKY.

Co3nanme  BHAa, MepHEeHAUKYJSIPHOro  Kpomke. [Jlnsg  cozmanus  Buja,
NEPIEHIUKYIIAPHOTO KPOMKE, BBIOEPHUTE KPOMKY Kak IOKa3aHO Ha puc. | a W HaxMuTe
Bcnomozamenvhulii 6u0 maHenu UHCTpyMEHTOB Yepmeowc. Bun, nepneHIUKYISIPHBIN KpOMKe,
CTpelKa U MeTKa Buaa «b» co3narorcs aBTOMaTH4ecKH. Eciau mpu 3TOM yaepKUBaTh HaXaTon
kiaBuiry Ctrl, To HOBBIN BHJ MOXHO Cpa3y K€ Pa3MECTUTh B MPOU3BOJILHOM MECTE YepTekKa.
s Toro uroObl moBepHYTh BUA «b», BbIOEpUTE HAa HEM KPOMKY LMJIMHAPUYECKON OOOBIILIKU
(puc. 16), 3arem BwIOepuTEe HUHCmMpymenmwvr => Paccmanosxka 6uoos uepmedca => Ilo
eepmukanu. Bun nosepuercs (puc. 1 6).

ToHkue JUHUM, OrpaHUYMBaIOIIMe BbIPbIB. KpOMKH, OrpaHHYMBAIOIINE BHIPHIB, B
cootBercTBUM ¢ [[OCTOM 10KHBI OBITH OTOOPAXKEHBI TOHKUMH JTUHHUSMHU. Y Iep>KUBasi HAKaTOH
kiaBunry Ctrl, BeiOepute 1menovyky KpoMOK, HaXMUTE KHONKY Tonuyuna aunuy MHCTPYMEHTOB
@opmam aunuu M cienaite TMHUA TOHKUMU (S/2...S/3).

KacarenbHble KpoMKH. [[7151 0TOOpakeHHs KacaTeNIbHbIX KPOMOK (KPOMOK CKpPYTJICHHI)
ToHKMMHU JUHUAMH 110 ['OCTy BblenuTe BUA, HAKMUTE MPaBYIO KIABHUILY MBIIIU M BBIOEPHUTE
Kacamenvnas kpomxa => Jlunuu nepexooa no cmanoapmy.

OcBo060sKneHHe BH/1a, BBIDOBHEHHOT0 OTHOCUTEJIBHO POAMTEIbCKOro. [Tpu co3nanun
HOBOTO BHUjIa yAepKuBaiiTe Haxxatoi kinasuiny Ctrl. Ecimu Buz yske co3iaH, BBIISIUTE €ro JIHCT B
JiepeBe, HaXMHUTE IMpPaByl KIAaBUINY MbIIKM W BblOepute Bwiposuams => 0ceob600ums
nepemeujenue U008.
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Puc. 1. Co3nanue noBepHYTOTO BU/Ia: 8 — BBIOOP KPOMKH Ha HCXOAHOM BHJIE; O —
MOATOTOBKA CO3/IaHHOTO BHJIa K BBIPABHUBAHUIO 110 BEPTUKAJIU; B — PE3yJIbTAT ONEPALINU

Caoun. C mOMOIIBIO CJIOCB MOXKHO YIPABJIATH BHIUMOCTBIO OOBEKTOB, IIBETOM, THIIOM
JUHUM M TOJIIMHON JHUHUN, CO3JaHHBIX Ha ueprexke. Clou NPUMEHSIOTCS AN CKPBITUS
UMIIOPTUPOBAHHBIX, HO HEHCIOJIB3YEeMBIX pa3MepoB, pPa3MEPOB, UCIOIb3YEMBIX IS
napaMeTPUYECKOM CBSI3M, a TaKKe BCIIOMOraTtelbHOHW reoMeTpuu. Kpome Toro, mBer cios
HACJICTYIOT KOMITOHEHTBHI COOpKHM, TEpPEHEeCEHHBbIC Ha ATOT CiOoW. s W3MEHEHWs Tuma |
TOJIIIMHBI IMHUU HA YEPTEXKE OTICIbHBIX KOMIIOHEHTOB COOPKH BBIJICIIUTE B JIEPEBE KOMIIOHEHT,
HOKMHTE TPaBYIO KJIABUIIY MBIMK W BeIOeputTe Tomwyuna nunuu xomnonenma. CHUMHTE
¢utaxok ¢ myHkTa Mcnonivzosams napamempuvl o YMOJIUAHUIO, & 3aTEM Ha3HAYbTE HEOOXOIUMbIE
napaMeTpehl.

Pazuepo

SolidWorks — cucrema mapaMeTprueckoro MOJCIUPOBAHUS, MOITOMY BCE MOJCIH U
4YepTeXkH B Hel ynpasisitoTcs pasmepamu. CyliecTByeT Ba TUIIAa pa3MEpOB:

* YOpaBISIONIAE pa3Mepbl, WM pPa3Mephl, MO KOTOPHIM OblIa TOCTPOCHA MOJENb.
3Ha4yeHus yIPaBIAIOLIMX Pa3MEPOB MOKHO U3MEHATh KaK HaXOAsCh B JOKYMEHTE MOJIEINH, TaK U
HETIOCPEACTBEHHO B depTexe. [lma oToOpakeHHs YNpaBISIOMMX pa3MEpoB Ha YepTeKe
BbIOEpUTE Bemaska=>Onemenmol Mooenu,

* CIIpaBOYHBIC, WIH YIpaBJsieMble, pa3Mepbl. 3HAYSHHS CIIPABOYHBIX Pa3MEpOB 3aBUCST
OT YNpaBJSAIOLUIMX pa3MEpOB U MEPEeCUUTHIBAIOTCA aBTOMaTudecku. Jlins noOaBieHus
CIPaBOYHBIX, WM YIIPABISIEMBIX, Pa3MEPOB B HYEPTEXK HAXKMHUTE KHOINKY Aeémomamuueckoe
HaHeceHue pazmepos TAHENW WHCTPYMEHTOB Pasmepsi u 63aumocessu W TPOCTAaBbTE
HE0OXOIUMBIE pa3MepBI.

IIo ymonuanuto mocie [100aBI€HHS B UEpTEX BCE pa3Mepbl OTOOpakaloTCs B
COOTBETCTBHUH C HACTpOHKaMH, 3aJaHHBIMH B IMa0ioHe JokyMeHTa. OToOpakeHue
YIPaBJIAIONMX Pa3MEPOB MOJEIHM Ha YEepTeKe UMEET psll MpeuMyliecTB. VM3MeHsas B uepTexe
3HAYCHHE YIPABISIONIETO pa3Mepa, MOKHO YIPaBISATH MOAebio. Eciu B 4epTeke Ha3HAYHUTH
JIOITYCKH U MOCAJIKU, TO OHU OyIyT MepeJaHbl B MOJeNb. Psaa yTUIUT Ui iepecyera JOMyCKOB U
pacyera pa3MepHBIX IENOYeK OepyT UMEHHO u3 Mozaenu. [Ipu oroOpakeHHH pa3MepoB MOJIEIH
MOKHO yKa3bIBaTh, B KaKUX BHUAAaX KAKUX JJIEMEHTOB KaKWe€ THUIBI pa3MEpPOB M MpHUMEUYaHUI
0TOOpaXXaTh.

Oto0paskenue pa3mepa. Ha craguu 3D-mozpenupoBaHus MOXHO yKa3aTh, 4TO pa3Mep
He OyzeT oToOpakeH Ha yepTexke. J{JIsi 3TOro u3MeHUTe BHIOPAHHYIO 10 YMOJYaHUIO HACTPOUKY
Tlomemums pasmep 01 umnopma 6 yepmedic OKHA BBOJIa 3HaUEHUS (pUC. 2).
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Puc. 2. ITometuts pazmep Ui UMIIOPTa B YEPTEXK

Pa3mep Ha BbIHOCHOM moJike. HaumHaromuye moJib30BaTeNIM 4acTO CHPALIMBAKOT, KaK
0hOpMHTH pa3Mep Ha BBIHOCHOM IOJIKE, HAIPUMEP JUIsl TPAyCHBIX M3MEPEHUN MasbIX YIJIOB.
st 5TOTO BBIIENUTE pa3Mep, HAKMUTE MPaBYIO KIABUINY MBIIIK U BbIOepute Ilapamempoi
omoopasicenusa=> Cmecmumsv mexcm (puc. 3).

60

Puc. 3. Pazmep Ha BEIHOCHOM TOJIKE

Orto0paixeHue TOYeK BHPTYAJbHOI0 NepecedyeHWs] W NPHUBA3KA K HUM BBIHOCHBIX
JMHUIH (JIMHUH yAInHeHus1) pa3MepoB. Ha nose yepTexa Takxke MOT'YT ObITh ITOKa3aHbI TOUKH
U JIMHUU BUPTYaJbHOTO IE€peceuyeHuss KpoMOK Mojenu. Jljis HacTpoilku uMX OTOOpaxKeHHs B
TEKYyILEM JOKyMeHTe BbiOepure HMucmpymenmoi=>>Ilapamempsl 1 B OTKPBIBILIEMCS AUAJIOTOBOM
OkHe mnepeiaunte Ha Briaaky Ceoticmeéa Ookymenma, TIE IpPOBEpPbTE, YTOOBI B pasene
Bupmyanvnas peskocms Obula HaxaTa KHONKAa Bwuinocnas aunusA(TOYKHA BHPTYAIbHOTO
nepecedeHust Oy1yT MpU 3TOM 0TOOpakaTbCs KaK TOUKU MEPEeCceUeHUs BHIHOCHBIX JTMHUMN).

Oto0paskeHHe TOYKH NepecevyeHMss KPOMOK. J[ng Toro yTtoObl OTOOpPA3UTh TOUKY
BUPTYQJIILHOTO IIEPECCYCHUsT KPOMOK MOJeH, BblOepuTe mnpu Haxaroi kimasuie Ctrl
HEOOXO/AuMBbIe  (CKpEIMBAIOLIMECs) KPOMKHM W HaKMHUTE KHOMNKY 7Toueunwlii TaHEIH
MHCTpYMEHTOB Jcku3. Ha ueprexxe nosiBUTCs n300paskeHrne TOUKH BUPTYaJIbHOTO MIEPECEUEHUS B
COOTBETCTBUM C 3a/laHHBIMHU HAacTpoiikamMu. TouKky MOXHO BBIOMpPATh, OCYIIECTBIATH MPHUBS3KY K
HEl BBIHOCHBIX JIMHUI pa3MePOB U T.1.

IIpocTtanoBka pa3MepoB IO TOYKAM BHPTyaJabHOH peskocTH. Pasmep «60» Ha
YyepTeKHOM BuJe (puc. 4) 3a/1aH A0 TOYEK BUPTYaIbHOTO MEPECEUEHUS] KPOMOK MOJIENH.
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Puc. 4. Pabora ¢ ToukaMu BUPTYaJIbHOM pe3KoCTH

IIpocranoBka nonmyckoB u mocagok. B SolidWorks umeercst Bctpoennas 6ubnmoreka
nonyckoB u mocagok mo ['OCTy. Ilpu HazHaueHuu pasmepy THUIOB JONyckoB [locaoka,
Ilocaoka ¢ oonyckomumun Tonvko Oonyck W BbIOOpE 0003HAYEHMS TOJISA JIOMyCKa U3 CIIMCKA
CTaHJAapPTHBIX 3HAUEHUN M3MEHEHHE pa3Mmepa (Iepexo]| ero B APyroil pa3MepHbI UHTEpPBAJ B
npezenax BBIIIEYKAa3aHHOIO IOJs JOIYCKa) MOBJIEYET 3a CoO0OW HM3MEHEHHE IpelesIbHBIX
OTKJIOHEHUII B COOTBETCTBUM C MHCIIOJIb3YEMbIM CTaHAAPTOM. VHBIMU clOBaMH, KaXIAOMY
3HAUCHHUIO pa3Mepa COOTBETCTBYET Ta0yIHMPOBAHHOE 3HAUYCHHE I0MycKa (pHcC. 5).
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Puc. 5. O603Ha4eHue noss Aonycka

B cuny BeIlIecka3aHHOTO, HA3HAYEHHE pa3MepaM TUTIOB A0MyckoB: [locadka, [locaodxka c
oonyckomunu Tonbko Oonyck W WCIONb30BaHME CIHCKAa CTaHAAPTHBIX 3HAUYEHUH MoJsel
JIONTYCKOB ~ ABJISIIOTCSL  Oojiee  MPEANOYTUTENbHBIMU, TaK Kak IIOMOTalT MpeloTBPaTUTh
BO3MO>KHBIE OLIMOKY B Cilydae U3MeHeHHs MoJienu. [Ipu Ha3HaueHuu AOIYyCKOB «BPYUYHYIO» WU
C TMOMOIUIbI0 KOMaHbI 3amemKka KOHCTPYKTOP JOJDKEH OyleT caM KOHTPOJIMPOBATh W3MEHEHHE
IpeJlebHBIX OTKJIOHEHUH NPU U3MEHEHUHU Pa3MEPOB MOJIEIIH.

Co3nanne 0003HaYCHNS AOMYCKA B CJIy4ae PABEHCTBA HYJI0 OHOI0 M3 Npeae/IbHbIX
OTKJIOHeHHUi. 3ajaauM JJs pa3Mepa 3HaueHHEe JI0ONycKa B COOTBETCTBUHU C IOJIEM JOIYyCKa
«H8», mpu sTOM 0TOOpa3uM TOJBKO BEepxHEe, He paBHOE «0» MpeaebHOE OTKIOHEHHE.
Breinenute pasmep B rpaduueckoil obOnactu. B oxHe PasmepMenedowcepa ceoticmeHaXMUTe
KHOIIKY /[ononnumenvHble céoticmeéa WU B OTKPBIBILIEMCS quaioroBom okHe (Ceouicmeapazmepa
HaXMUTE KHOTKY /[onyck. TlosBuTcst quanoroBoe okHO /[onyck pazmepa (puc. 8). B mone Tun
donycka Be1Oepute Ilocaoka; B ione Ilocaoxa omeepcmus BoIOEpUTE TpeOyemoe 0003HAUCHUE
noJtst tonycka «H8». B nmonsix Maxcumanvuas v Munumanvhas eapuayusi Ipu 3TOM 0TOOPa3ATCS
ctanaapTable 3HadeHus: «+0,046» u «0» BEepXHEro W HIDKHETO MpENelTbHBIX OTKJIOHEHUH,
COOTBETCTBYIOIIME JAHHOMY IIOJNIO JoNycka. BBeauTe 3HaueHUE BEPXHETO MOJS JOIMyCcKa —
«+0,046». B paznene [llpugpm oonycka oTkmounte mapamerp Mcnoavszosamos wpughm pazmepa
U 3ajaiite 3HaueHue kodpduuumenta «0,6» (umu «0,5») s BBICOTHI MIpUQTa 0003HAYESHUS OIS
nonycka. B paznene Omoopasume donyck Haxmute KHONKY [ pynna 6e3 aunuu. Haxvmure OK n
3aKpOWTE TUAOroBBIE OKHA. DTO crmocol 3aiaHus J0MycKa «BpY4HYIO». Pesymnbrar omepanuu
MoKa3aH Ha puc. 6.



.Aonycx pasmepa ‘
Tun -
: . OK,
rocama [v] 5 e
+ i ] [+0,046 [v]
4 [
WpmdT Wit aonycka
[CJucnonssceats wpudT paavep. | []UcnonssceaTs wpudT pasmep.
@ macwiTat wprdTa | 06 @ macwiTab wpigta | 06
Oesicora upuda Mr O epcota wprdTa
OTOSRETE ACTTYCK
-}{- m W/

Puc. 6. Hactpoiika mapaMeTpoB J0ITycKa pa3mepa

Co3nanne YyKOPOYEHHBIX JMAMETPOB U PaJAMyCcOB. B JTOKyMeHTaxX 4eprexeirl MOXKHO
CO3/1aBaTh YKOPOYCHHBIC THAMETPbl U PaJHyChl, 3a/laBasi X pa3Mepbl. [Ipy yka3aHuu Takoro
pa3mepa oToOpaXkaeTcst 3ursarooopastas JuHus (puc. 7).
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Puc. 7. Pe3ynbraT Ha3HaYeHUs JOMYCKa C HYJIEBBIM IPEIEIbHBIM OTKIOHEHHEM

lpumeuanus

BaxubIM cpencTBOM 0hOpMIICHHUST YepTeXKeN SBISIFOTCS pUMeYaHusi, (QyHKIIMOHATBHBINA
Ha0Op KOTOPBIX COOpaH Ha OJHOMMEHHOH MaHeNu MHCTPYMEHTOB. K mpuMedaHusM OTHOCSATCS:
3aMeTKa, OTKJIOHEHHE (OpPMBI, IMEPOXOBATOCTh, MO3UIIMs, 0a3a, 0003HAYEHHE CBAPHOTO IIIBA,
0JI0K, IITPUXOBKA, YKa3aTellb LIEHTPa, 0CeBast JINHUS, YCIOBHOE N300pakeHUe pe3bObl U Jp.

Opnum u3 HanboJiee YacTo MCMOIb3YEMbIX HHCTPYMEHTOB IpU 0(hOPMIIEHUH YepTexeit

ABIISICTCA 3amemKa, KOTOpask MOXKET OTOOpaXkaTbCs C BBIHOCKOM, YKasbIBaroIllel Ha HJIEMEHT
(rpaHb, KpPOMKY WJIM BEpIIMHY) JOKYMEHTAa, M COJAEPKaTh MPOCTOH TEKCT, CHUMBOIIBI,
napaMeTpUUecKuil TEeKCT MM TUIEPCChUIKH. BBIHOCKAa MOKET OBITh MPsIMOM, M30THYTOH WK C
M30THYTHIMU yKazatelasimu. [Ipu odopmieHHn TeXHUYECKHX TpeOOBaHWH B 3aMETKYy MOXKHO
N00aBUTh Jpyrue MpuMeyaHus, HalpuMep CUMBOJIbI IIEPOXOBATOCTH.

IllepoxoBaTocTh HA BBHIHOCHOM MoJIKe. [Ipy BcTaBke ImpuMedaHUs B 3aMETKYy MOXKHO
1100 BBIOpaTh MpHUMEYAHHE, YK€ CYHIECTBYIOIIEE B uUepTexe (eciaH INENKHYTh MO HeMy, TO
COXpaHMTCS acCOLMaTUBHAs CBs3b), JUOO CO3/aTh HOBOE IpUMEYaHHe B OKHE 3amemka
Meneoacepa ceovicms. C TOMOIIBIO 3TOr0 crocoba MOXKHO O(GOpMUTH OTOOpakeHue
mepoxoBatoctn Mo ['OCTy B ciywae, Korja IIEpOXOBATOCTh PACIONAraeTcs Ha BBIHOCHOU
noJike (puc. 8).
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Puc. 8. lllepoxoBaToCcTh Ha BBIHOCHOM MOJIKE

Oro0paxeHne B NpPUMeYaHUHM 3HAYEHHS] pa3Mepa, CBA3AHHOIO C NapamMeTpoM
Moaeau. s 3Toro, HaXxoAACh B PEXKUME PEIAKTUPOBAHMSI 3aMETKH, LIEJIKHUTE 110 pa3Mepy Ha
yeprexxke. B 3amerky mo6aButcs mapamerpuueckuii Teket Buna R D I1(@Crkpyenenue@llIkus-
Yacms oemanu-1-1@Yepmeosrcnuiii 6udl"”. Ilocne BrIxoaa U3 pekuMa peJaKTHPOBAHUS 3aMETKU
0TOOpa3uTCs 3HaAUCHUE pa3Mepa.

IIpocTaHoBKka pa3MepoB ¢ MHOKeCTBEHHbIMH YKa3aTeassMu. UYtoObl 100aBHUTH
HECKOJIbKO BBIHOCHBIX JIMHUK (puc. 9), BO BpeMs MepeTacKUBaHUS 3aMETKHM U Tiepen ee
pa3menienuemM Haxmute kiasuiry Ctrl. [lepemenienne 3aMeTKH OCTaHOBUTCS, W TIOSIBHTCS
BTOpas BbiHOCKA. He otmyckas kiasumry Ctrl, HaxmuTe yka3aTenab MBIIIH TaM, TJ1e HEOOXO0IMMO
pa3MecTuTh BBIHOCKY. HakumaliTe HyXHO€ 4YMCIO pa3 Julsl pa3MEIleHUs JOINOJIHUTEIbHbBIX
BoIHOCOK. Otnycture kinasumry Ctrl u HakmuTe ykasarenb B TOM MeCTe, Tie HEOOXOIMMO
pa3MecTuTh 3aMETKy. 3aTeM, HaxoJsiCh B PEKHUME pEJaKTUPOBAaHUSA 3aMeTKu, Habeputre R u
BbIOEpUTE B Tpadudeckoii obnactu cymecTByoomuid pa3mep R0,5. Beiiinute u3 penakTupoBaHus
3aMeTku. [locne 3Toro CKpouTe CylecTBYOINA pa3Mep ¢ EAUHUYHOW BBIHOCKOM.
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Puc. 9. IlpocTtanoBka pa3MepoB ¢ MHOXECTBEHHBIMHU YKa3aTEIISIMU

JUis 4acTO HCIOJIb3yeMBbIX JJEMEHTOB 4YepTeka MOXHO CO3/1aBaTh, COXPaHSTh,
pelaKTUpOBaTh M BCTaBIATH OJOKM, HallpUMEp CTAaHJApTHBIE 3aMETKH, OJIOKM 3arojioBKOB,
pacmojyio’)KeHuH METOK W T.I. Bioku MoOryr copepkarb TEKCT M JHOOble OOBEKTHI ICKH3a,
NO3UILIMY, HMMIIOPTUPOBaHHbIE OOBEKTHI M TEKCT, a TakXKe IUTPUXOBKY. bIIOKM MOXHO
INPUKPEIJISATE K TEOMETPUU WIM K YEepTeXHBIM BUIAM, a TaKXKe BCTABJIATh WX B OCHOBHbBIE
HajanucH. Ecam Ha Bamem NpeAnpHUsITHN UCHOJB3YIOTCS CHElM(pHUUECKUE YCIOBHBIE 3HAKH, BbI
BCEr/la MOJKETe CO3/1aTh OJIOKHU, COAEpIKaIINe HYKHbIe rpaQuecKue U TEKCTOBBIE JIEMEHTHI.

Co3nanue 3HaKa HeyKa3aHHON mepoxoBaTocTU. PaccMOoTpuM npuMeHeHne OJIOKOB Ha
pUMepe CO3JIaHus 3HaKka HeykasaHHoW mepoxoBaTocTd (puc. 10). OTkpoiiTe pegakTop OJ0KOB
¢ omousto Xucmpymenmor => bnok => Cozdams. HauepTuTe TOHKUMH JTUHUSMU C TTOMOIIBIO
Iyr U OTPE3KOB BHYTPEHHUH 3HAUYOK B COOTBETCTBMM C YEPTEXKOM. 3aTeM HauyepTUTe
YTOJIIEHHBIMH JTUHHUSAMU C IIOMOILBIO OTPE3KOB BHEUIHHUI 3HAUYOK B COOTBETCTBUU C YEPTEKOM.
3agaiiTe A TOYKH, IOMEUCHHOW 3eneHbIM 1BeToM (cM. puc. 10), koopaunater [-10, —10] u
3aduxcupyiite ee. JlononHuTe 3HaueHue napamerpa oopadbotku 3amerkoit Rz40. Co3znaiite nBa
CJIOSi: TEOMETpPHsl IIEPOXOBATOCTH M pa3Mephl IIEPOXOBATOCTH. PazMepsl momecTuTe Ha CIIOi
«pa3Mepsl LIEPOXOBATOCTU» U CKpoiiTe ero. I'eomerputo n 3HaueHue Rz40 nomecture Ha ciaoi
«reoMeTpus mepoxoBarocTu». Coxpanute 0s10k. OH aBTOMAaTUYECKU MOMNAJET B MaNKy bioku B
nepeBe KOoHCTpyupoBaHus. Jlo0aBeTe ero Ha mose ueprexa. CoxpaHure OJ0K B bubauomexe
npoexmuposanus N JATBHENIIETO UCIIOIBb30BAHHUS.



g & -
B 60° Y%
A raccromeeld . £ \\\\ //
.'/ \\‘\ /

L0 &/ _,.G/Of%__\~ /!

Loty ssa sccemn - \ n

€ saprcrpranens // SN \\\ / //

fiE A \/ /

it | | 4 \ X25 _/ R8
.—m_—’:J 6 / \ 7 ’*’\__ﬁ-)' / //

s rgeine - / @/ \\ / \ J v

*. e : ‘L_\< \l /Y -

" RzQOM\{ )
A
& o
Bl o] < L= -
o o)
2 Il [ 8
23
005 T« o

Puc. 10. Co3nanue 3HaKa HeyKa3aHHOH IIEPOXOBATOCTH

1. OBOPYIOBAHUE
[MepconanbHbIil KoMITBIOTED C ycTanoBiaeHHo CAIIP SolidWorks.

V. 3AIAHUE HA PABOTY

C03,uaﬁTe qepTéxc A€Taliu, H306paH(GHHOﬁ Ha pI/ICYHKe, C IOMOIIBIO CpeI[CTB
SolidWorks:



CEYEHUE A-A
MACLLUTAB 4 : 1

2’5i 4300 RZ@

7
4

T

13.600

% 14.400

RO.2max*

Y

Y
| 2\ OcTpas kpomxa

|

1. 400

1.600

V. IIOPAIOK BBITIOJIEHM A PABOTHI

1. 3amyctute SolidWorks.

2. Co3naiite HOBBIM TOKYMEHT THII «JleTaib.

3. ITocTpoiiTe TPEXMEPHYIO MO/IEJIb 3aJTAaHHOM JCTaIH.

4. CoxpaHuTte pe3yyibTaThl B (haill.

5. Co3pmaiiTe HOBBIM JOKYMEHT TUIA «HepTEx».

6. mnoptupyiite HeoOXOAMMBIE BUIbI W pa3pe3bl U3 paHee CO3JaHHOTO
JIOKyMEHTA C TPEXMEPHON MOJIEIIBIO I€TAIIH.

7. Jo0OaBbTe B 4epTEX HEOOXOIUMBIE pa3Mepbl U 0003HAYEHUS.

8. CoxpaHuTe pe3yJibTaTHhI.

V1. YKA3AHHMA [TO OOOPMIJIEHUIO OTUETA
OTuer JOJKEH COJepXaTh KpaTKOE OINUCAHUE IMOCJIEA0BATEIbHOCTH
BBITIOJIHCHHBIX TIPU TMPOEKTUPOBAHUU JICUCTBUH H H300pakKeHHE CO3/IaHHOMN
JIETaJdy B HECKOJIBKUX MPOCKIMUSAX U UTOTOBBINA €€ YEPTEXK.

VII. KOHTPOJIBHBIE BOITPOCBHI
1. IlepuuucnuTe OCHOBHBIE THUIBI JOKYMEHTOB. C KOTOPBIMH paboTaer
CATIIP SolidWorks.



2. Kakwme tumer pasmepoB cymectByloT B SolidWorks, u uem oHu
OTINYAIOTCA?
3. B ueM 0c00eHHOCTh MapaMeTPHUECKUX CUCTEM MOJICITUPOBAHUS ?

VIII. CIIMCOK JIMTEPATYPHI
1. Qynapesa H.IO., 3araiiko C.A. SolidWorks 2009 B nmpumepax. — CII6.:
BXB-Ilerepoypr, 2009.
2. Karmyn C.A., Xomsaxoa T.®D., Illexkun M.B. SolidWorks.Odbopmiienue
gyeprexeit mo ECKJI. — M.: SolidWorks Russia, 2009.
3. Bctpoennas cripaBounast cucrema SolidWorks.



JIABOPATOPHAS PABOTA Ne2
OcHOBBI pa3padoTKM JIEKTPOHHBIX YCTPOMCTB ¢ momombio CAITP Altium
Designer

|. {EJIb U 3AZJIAYUN PABOTHI

[Toy4yeHue HaBBIKOB pa3pabOTKH ANEKTPOHHBIX ycTpoilcTB B CAIIP Altium

Designer
1. TEOPETUYECKUE CBEJIEHUA

CoctaB mporpammuoro makera Altium Designer BkmoyaeTr Bech
HEOOXOUMBIA Ha0Op HMHCTPYMEHTOB JJISi CO3JaHMs, PEAAKTUPOBAHUS U IMPaBKU
paboT Ha OCHOBE JJIEKTPHUYECKHX U TMPOTPAMMHPYEMBIX HHTETPATbHBIX CXEM.
PenakTop cxem mo3BosieT paboTaTh ¢ MPOSKTaMH JIOO0TO pa3Mepa U CIO0KHOCTH,
npeoOpa3oBbiBass HMX B nOpocredmme — noabmoku.  Ludpo-ananorosoe
MOJICIMPOBAHUE YUUTHIBAET MOYTH BCE PeaJIbHbIC MapaMeTphbl U MPEIOCTaBISET B
pacnopsbKeHHEe  KOHCTPYKTOpa OTPOMHOE KOJMYECTBO Pa3JIMYHBIX aHAJIU30B,
BKJIIOYAsl aHAJIM3bI MEPEXOHBIX MPOIECCOB, YACTOTHBINA, IIYMOB, MEpeAaTOYHBIX
byuknuii, Pypse, metogom Monte-Carlo, ¢ n3mMeHeHreM 3HaAUCHUIH TEMITEPATYPBHI.
Ha cxeMOTeXHHYECKOM YpOBHE IIPOBEPSIOTCS U YCTPAHSIOTCA pa3iIMyHbIC
UMIIEJITAaHCHI U TEPEKPECTHhIE OTpakeHUs. PeakTop MmevaTHBIX TUIaT MPOrpaMMbl
COZICPKMT YHHMKAJIbHBIC CPEJICTBA JJIsi aBTOMaTHueckoro (mporpammbl Statistical
Placer, Cluster Placer) w uWHTEpakTHBHOTO pa3MEUICHUS KOMIIOHCHTOB.
Tomnonorndeckuii TpacCUpOBIIMK SitUS MCIONB3YET TOTHOCTHIO HACTPAHBACMBI
AJITOPUTM JUTSI PEIIeHUs 3a7a9 Pa3BOJKH MEYATHBIX TUIAT C OOJBIION MIIOTHOCTHIO
yCTaHOBKH 311eMeHTOB. OH MOeT paboTaTh 0 HEOPTOTOHAJIBHBIM HAMPABICHHUSIM
U C CaMOCTOSITeJIbHBIM BBIOOpOM ciioeB. [locTossHHO OOHOBIISIEMbIE OUMOIMOTEKU
nporpaMMbl  xpaHat Oosnee 90 ThICAY KOMIOHEHTOB. MHOTHE W3 HHUX HMEIOT
Mozenu rmocanouHsix mect, IBIS u SPICE-Monenu, a takke 3D-monenu. Kaxmyro
U3 HUX MOXHO CO37aTh B TMPOrpaMMe CaMOCTOSITEIbHO C MHHHUMAJIbHBIMU
3aTpaTaMH BPEMEHH IyTeM MOCJIeI0BAaTEIbHOTO BBO/IA CBEICHUI O KOMIIOHEHTE.

bnaronapst nogmepkke DirectX mpousonuio mnepepacrpeeieHue Harpy3Ku
MEXJy MPOIECCOPOM M BHUICOKAPTOM, YTO 3HAYUTENIBHO YCKOPHIJIO padoTy cC
MOJINTOHAMHU U MHOTOCJIOMHBIMU T1aTaMu. CyIIECTBYET BO3MOXKHOCTH pa3pabOTKu
NMeYaTHOW TMJIaThl B TPEXMEPHOM BHUIE C HMMIOPTOM/IKCIIOPTOM JaHHBIX B
mexanuueckue CAITP (SolidEdge, SolidWorks, AutoCAD, ProEngineer). Altium
Designer monaepkuBaeT MPaKTHUYECKU BCE CYIIECTBYHOMIUE (OPMAThl BBIXOIHBIX
daiinos: DXF, Gerber, NC Drill, ODB++, VHDL, IPC-D-356 u MHOrHe apyrue.
BcTpoeHHblit MacTep UMIIOpTa MPOEKTOB MPeoOpa3oBbIBACT OMOIUOTEKH, CXEMbI U
wiatel U3 cuctem OrCAD, PCAD, Allegro PCB, PADs, DxDesigner B paGoTsr
Altium Designer nesaBucumo oT KkoaupoBku (Ounapuoit wmm  ASCII).
OTIUYUTENbHOM OCOOEHHOCTBIO CpElbl MPOEKTHPOBAHMS SBISETCS CKBO3HAs
IIEJIOCTHOCTh Pa3paOOTKX Ha Pa3HBIX dTanax MPOeKTUpOBaHUs. [Ipyrumu cioBaMu
W3MEHEHUS, BHECEHHBIC Ha JIFOOOM YPOBHE pa3pabOTKu, OyayT OTpakeHBI Ha BCEX
CTaJIUsAX MPOCKTA.



Co3nanue 0M0JIMOTEKH IJIEMEHTOB.

B pabouem mosie pemakTopa IIEIKHEM TMPaBOM KHOMKOW MBI U B
BBITNIAAIOIIEM MEHIO BBIOJIHUM KOMaH/IbI «Onuu / Onuuun
nokymeHTay. OTkpoercsi okHO «Pabouast oOnacTh pemakTopa OUOIMOTEK» (pHC.
1). Bo Bkmankax "Hactpoiiku pemakropa" u "Emu3M." mpou3BecTH HACTPOMKH KaK
Ha puc.l.

 HacTpolixu peaaktopa | Ea, wam. |
O Pasmep AncTa Llget

Crane  [Standard | Fnoyworsamme  rperwe R
X 1500mm
ey [ ] o

¥ 1500mm
7] Fpammus || War 1mm
i Crpuimee BEBOAE [ Moxas. 1mm
| MoeaseisaTe 0BOTH. W EOMEHTAPWA
CnMcaHME BEREANOTELH
" Limk To Vault Ok | | OTmeHa

HacTpofiku pepaKTopa | Ea v |

JmAMoBan cHCTEMa egmHnLY MeTpuqecan cHCTeMa eguMIL

—l Wonane3osate Amim DEYID DALTEMY T Honone3osaTe METPHYECKYD CHETEMY

B AofdmoEol OACTEME JO0CTYNHE B mMeTpHUECKOA DMCTEME QOCTYNHE
CAEAYIOWWE EAMHMLEE MMABI, ,qn:nﬁuu. DxP CAEAIDWME SANHNYEE ML, CM, M W

default (10 munj w asTogoAm. Mpw suéope AETOMETP. CHITEME ABTOMATHHECKK
HEAMHLE 3ETORRM, CHITEME NEPEKAKYEETIN M3 &M B CM NP BEAWUMHE
AETOMATHHECKM EYRET NEPERNOYITHER EpaTHON 100K 1 13 O3 B M IPH BEAHHSHHE
MHA H3 AAME, KO3 BENMYMHA KPATHA EpaTHOR 1000w,

EanMHMLE EampiLLe Millimeters

CHETEME EQMHAL, WIMEREHMA
The schematic library document '3nemenTel. SchLib' s currently using Millimeters as its base unit.

[ ik T Waurt

Puc.1.

Tenepb MOKHO HACTPOUTH LIAT CETKHU: JUISI 3TOrO BBIMOJIHUTH KOMAHIBI «
Onuuu /Hactpoiika penaktopa cxem». B okxne HacTpolku miendukomM OTKPBITh
nanky Schematic u BeiOpaTh BkiIaaky Grids. OTKpoeTcsi OKHO, B KOTOPOM B TOJIE
«GridOptions» B okHe Buaumas cetka ycranoButh DotGrid (ToueuHas ceTka) uiu
LineGrid (nuHeliHas ceTka) , IBET CETKHU 3a1arh u€pHbIM. Haxats [Ipumenuts u
Ok.

[Iar cetku ycTaHOBUTH 1MM (HaxkatueM kiaBuiu Q).

Bommonanm  komanny «Pasmemenue/Jluaus»y u - chopMupyeM  KOpITyC
pe3ucTopa B BUJIE IPSAIMOYTOJIbHUKA pasmepom 10x4 MM.



Jlanee moGaBMM BBIBOJBI pe3ucTopa kKoManmoi «Pa3zmemenue/BriBoa». CtaBum
BBIBOJIBI TaK 4YTOOBI O€jble TOYEUKHM HA KOHIIE BBIBOJA OBLIM HAIpaBJIEHBI OT
Kopnyca. benbie TOUKH MOKa3BalOT MECTO COEAMHEHUS MPOBOAHUKOB. (Puc.11)

Workspacel.DsmWik v Tpynos

naars FrjPch Npoexy
© Fle View © StudureEditor | W | [+

z}Lﬂn«umu naaraPrPcd
= Sowrce Documents
A Crama JARKTPMMECKAR NPHMLD 1 2
B Nisara nevarss PebDoc *

Bl Librarnes 1 2
=1 PCB Ubrary Documents

‘ BISANOT KA NOCAIOUMME M
=1 Sanematic Library Documents
L R nuarers wesnsurne Seh

Puc.2.
YroOBbl TMOBEpHYTh BBIBOJ IPH €ro BCTaBKE Ha)KMMaeM Ha TpoOel.
OTpenakTHpOBaTh BBIBOJ MOXKHO BBl INEJIKHYB 1O Hemy. [locime 3toro
nosiBisieTcst okHO ""Pinproperties"” (Puc.2)

Onucarme | MapameTpe |
Mg seizoga 1 Noxas.
OEOIHEYEHHE 1 | Nokaz.
Tun Passive -
e ]
Onncanne
CRPHTE (|
Cvmmoan Tpadmka
BHyTp. cHME. | Ho Symbol v| Hauano x Omm ¥y 2mm
BHyTp. 3HAK | Hao Symbol - | Onnra Smm
Brew, sHak | No Symbal - | OpueHTayn 180 Degrees -
BHEWH. (HME. | Hao Symbaol "| LUger - LT &l
MName Position and Font Designator Position and Font
Customize Position ||| Customize Position [
Use local font setting Use local font setting [
VHDL napametped
Mo ymondasue Bopmat 1d XRGPOGCE Capoc
O | OTMeHa |

Puc.2



JIiiHYy BBIBOJIOB YCTAHOBUTH 5 MM. Tak Kak BBIBOJBI PE3UCTOpAa HE
HYMEpPYIOTCS W HE 0003HAYarOTCs, B OKHaX MMsI BBIBOJa M 00O3HAuUCHHE yOpaTh
(baaxku.

3anucarh CO3J@aHHBIM PHUCYHOK pe3ucTopa B OubOmuorteky. [[ns storo B
HIDKHEH dyacTh »dKpaHa Haxkath SCH. B mosBuUBIIEMCS OKHE IIECIKHYTH 10
kaonke SCH Library, B ciemyrorieM HOSBHBIIEMCS OKHE B CIIMCKE KOMIIOHECHTOB
nBax bl meiakHyTh mo Component 1 (Puc.3).

SCH Library

KaMAGHEHTH OMmscasne

JErTTE—

|Pasmewmerme | | gossswrs | | vaswrs | | Masers

AHAMOTH

; Avtagyme

| [ vmamwms

OfncaHne

E sowey |

SCHUE Filer
SCHLUIE Inspector

gn Compiler  SCH —premmromore—rropreee=fagiouy | HaGop Openbus > >

Puc.3.

Otkpoercs  okno "LibraryComponentProperties”, B KOTOpOM MOXKHO
NeperMEHOBaTh  Ha3BaHMe dyeMeHTa Ha  «Pesuctop». B oxomieuke
"DefaultDesignator" namumem o0Oo3HaueHue pesuctopa R? ,rie BMecTo 3HaKa
BOIIPOCA, MPU COCTABJICHUH CXEMbI, IPOrpaMMa aBTOMATHUYECKH TMOCTABUT HOMEP
pesuctopa. B okomeuke "DefaultComment" nanumemM HOMHHaN, a TaJllOYKH
visible nemator BuaMMBEIME Ha cxeme ykazaHHyr WHpopmanuto. Haxumaem
kHonky Ok. (Puc.4.)

Properties Parameters

Brg... Hus /| InaueHne
Default Designator R? ¥ visible || Locked

Default Comment  * (o] vsite
Part1/1  [¥Locked
Description

Type

Library Link

Symbol Reference  Component_1
4 | Description Yault |lem... Rewi,..

Graphical

Mode [¥] Lotk Pins

: Shaw All Pins On Sheet [Ewen if Hidden]
| ILocal Colors

| Eaitpins..



Puc.4.

Jus  Toro, 4roObl  co3AaTh  HOBBIM  KOMIIOHEHT,  BBIIIOJHUM
koMaHay "MuctpymenTsl / HoBblil kommnoneHT". IlosiBUTCS MaleHbKOE OKHO, B
KOTOPOM HY)XHO BBecTH ero Hazanue u Haxarb OK. HoBbIli KOMIOHEHT
nosiBuTCs B Onbmotexe SCH Library.

[IponenaeM OCHOBHbIE HACTPOMKM pENaKkTopa IMOCAJAOYHBIX  MECT.
OtkpeiTh  (aiin mpoekra "llewatnas mmara .PrjPCB". B nepeBe mpoekra
OTKpPBIBAEM JIOKyMEHT "bubnmnoreka MOCaJ0YHBIX Mmect".
[[lenkHyTh MpaBOW KHOMKOW MBIMKA B pabodyeM IMOJIE W BBITIOJHUTH KOMAHJIbI
Omnruu / Onun 6ubmmoTexu (puc.15).
| Meustras naama. PriPc | npoeer |
it S il £ MoK nogoGkHus 0EeekToR [ ShiftsF
- sginevans nmapgPs 7 Cossame sanpc.. Shift=8

= L Sauree Datuments

&l Cxema 3NEKTPMUECKAN NPHHLMIHAALHES PuALTR ()
B ninara nevarmas PebDoc Snap Grid
= Libraries -
(=10 PCE Library Dacuments Pasuemerme (B

BrSamoTers nocaaouren mect. Peblib B
2] Sehematic Library Documents
X Bunuorers snementos, Schlib

BripasHate (G)
WroTpysenTE (T)
Bug )

Bwpesae ()

!  Kanupasarts [

Bcramsme (A1

DriMETiTa

Onyem Bwdnnarern (B)-..
Cnuwm () LN GHENHOTEEN (B,

Coow (L.
MexamnseEne o ).
¥npapacHne cTexom caoen (K.
Hacrpodks (E...
Orrobpancenne [J)...

leer canes 1.

Puc.5.

Otkpoercss okHo CBolictBa mnatel (Ilapamerpsl miaTel), B KOTOPOM
HEOOXOJMMO YCTAaHOBUTBH: €IMHMIBI H3MepeHuss Metric, mar cerku Imm.
Youpaem ramouxky "ABropasmep" U 3agaeM MmMpUHY U BbicoTy 1500 MM, a
no3uiuio smcra 0;0. (puc 6).



Eauwniug wamepenua (M Noauuma Ancra

Earrmum | pietric - ¥ Omm

- ¥ Omm
Noxas pasgenwmenei

Jupuua 1500mm
| Display Physical Designatars - |

Bwcota 1500mm

MyTe wHcTpyMenTa passogew (B)
[T Noxasars awer

Cnoi (U | Do not use - [
= | [CliasTopasmep
Napametpe ceTem (5)
V| Npwsazka k ceTee [ Mpueasz, & Toukam oEwexT:
#| Npueaska K AWAEiHEW War cet Lmm -
¥ MpEAsxa & ToMBUHER [¥] Wiar 1a srex caom
7] snap To Object Axis  Advanced = > [ Npuenzxa x koHTypy

[7] Snap To Arc Centers
€ BoAbWE WHDOPMAL

7] Limk Ta Vault

CeTEn... hannn—ue..- oK | i OTmesa
Puc.6.

Co3aguM 1mocajiogyHOE MECTO AJIsL PE3UCTOpA.

Boimmonaum komanny Muctpymentsl / HoBwiit 6mank kommonenTa. [locie
4ero CO3JAETCs JMCT CEpOro LBETa C KJIETKaMH, a IO LEHTPY pacroJiaraercs
HEOO0JIBILON KPYT - HA4aj0 KOOPAUHAT.

Breinosaute komanasl Pasmemenve / KonrakrHas ruromanka. Y CTaHOBUTH
ATy KOHTAKTHYIO IUIOIIAJKY B HA4aJlo KoopAuHAT. Jlajee WHIENKHYTh MO HEWU
JNBAXKIBl JIEBOM KHONKOW MbIK. [locne 3TOro OTKpoeTcs OKHO HaCTPOMKH
KOHTaKTHBIX oWaao0k. B noie Pa3mepsl 51 bopma
BbIOpaTh "OOImas" 3a1aTb HEOOXOAUMYIO JJIMHY W IIUPHUHY, BBIOpaTh Gopmy
KOHTaKTHOW Iiomanku (HampumepRound). B mone Mudopmanus o6 otBepcTrn
3anath auamerp otBepcTHs 0,9 MM (y4MTBIBAMTE TOJIMHY BBIBOJOB BaIIETrO
koMrioHeHTa). B mone CBoiictBa 3anath : O603Hauenwue 1, cinoit Multi -Layer, nierns
-NoNet, Tun-Load, ranouky merasmn.

OcranbHble OIS 3aN0JHA0TCA UHANBUAYaIbHO. Haxkumaem Ok. (puc 7).



Top Layer Bottom Layer Top Paste Bottom Paste Top Solder Bottom Solder  Multi-Layer

NonoxeHmMe Pazmepe ¥ GopuMa
X Omm
@ Obwar Bepx-Brytp-Hus Mo crexy
’ 1 mET Pagmyc
dnnna Wnprsa Dopma CKpYTNEHHA
Nosopor 0.000 ' D ’
16mm  16mm Rowndosiir

Wrpopsaums ob oTBepCTHR

HAuasseTp 0.9mm

=] ﬁp:r'r |E|
Ksagp.
LLlamy ChsiijeH e O eHTPa OTHEpOTHE Omer Dimim
Ceoicrea JAYHEHIWE NAANEHOH NACTE
OfoznadeHne 0 @ JagaeTOR MpasMAAMEA
Lnom bulti-Layer - HMHAMEMIYANEHD
Lient Mo Net -
MpeBbileHne SAUMTHO R MAIKH
Tun Load -
@ 3apaeTCA MPaEMAAMKA
MeTtanne ¥ DKL W ey anEHO
umper 10D o

JAKPEITE (BERXY MITKDH

HacTpofsn TeCToBRX TOYRK

JAPBITE CHASY MACKOR
Bepx Hua .

FlaroToanenne

Puc.7.

Tenepp MOXHO CKOMHMPOBATh CO3J@HHYIO KOHTAaKTHYIO IUIOMIAAKY U
pa3MecTuTh €€ B HYXHOM paccTosiHuu. lllar ceTku BwIOMpaeTcss HakaTHeM
kiapumu G. MacmTab jaucTa OCYIIECTBISCTCS MPOKPYTKOM KoJjieca MBIIIN MPU
Haxxato kiapuiie Ctrl. PaccTosiHre MEXTy KOHT. TUIOMIAKaMU yCTaHABIMBACTCS
WHIMBUYAJIbHO MU Kaxkaoro kommnoHeHta. Ha pucynke 18 oHo cocraBisger 15
MM.

O0603HaueHNE KOHT. TUIOMAI0K 1 u 2.



Puc.8.
Teneps HaprcyeM KOHTYp pe3ucTopa. [iist atoro Beiopats ciioii TopOverlay
(puc.9), BbImOMHUTH KOMauAbl Pa3memienune / JluHMS W HapucoBaThb KOHTYD
pe3ucTopa paBHbIM rabapuTHBIM pazmepam (prc.10)

[_[15] ™ TopLayer M Sottom Layer B Mechanicall| [] Top Overlay| B Bottom Cverlay B Top Paste B Eottom Paste M Top Soider M Bottom Soic

System  Design Compiler | Instruments | FlopRqme s

Puc.9.

Puc.10.

CoxpaHuth TmOCaNOYHOE MecTo B Oubmmoreky. Haxumaem B mnpaBoi
HUKHEN yacTu dSkpaHa Ha kHOnKy PCB Beioupaem PCB Library u B nosiBuBIemcs
OKHe ABaxbl menkaem o komnonenty PCBComponent 1, nabupaem ums "TIM
s pesucropa u coxpansieM HaxkaB OK. (puc.11)

PCE Library

Mae

 Bra ” ®Y Ben ”5..- Hamrmﬁl

Hanmal v | || Bubpate (3 |+ Macwras @

KomnaHeHTel
[AEE] 7| Kowr. naowag... | Mpussmess

Buicota Omm FcBcoMponEnT 2 |

DNr{aHme

MpAMKTHES KOMIOHEHTa

Tun [GITT] 4 |Pasmep X PasmepY |Cnoa

Tratk 0.254mm TepOverlay
Track 0L254men TepOverlay
Track 0.254mm TopOverlay
Trark .54 mm Tnntrere i

Puc.11.



[Tocamounbie MecTa TakKe MOXKHO CO3/IaTh U APYTUM criocoOom. J{ist aToro
HaknmaeMm MHcTpymenThl / [IOMOIIHUK CO3/1aHNsT KOMITOHEHTOB. B OTKpBIBIIIEMCS
okHe HaxkaTh [lanee. M3 mosiBUBIIErocs CIIMCKa BBIOMpPAEM TO, YTO XOTHM CO3/1aTh,
HaIpUMep KOHeHcaTop (capacitor) ¥ equHHIBI u3MepeHus (prc.12)

Mopenu KoMnoHexHra
Page Instructons

BoiBepuTe 13 CNNCKa MOAENEN THN KOPNYCA COSASBALMOrD KOMMNOHEHTA

Diodes

Dual Indne Packages (DIP)

Edge Connectors

Leadiess Chip Camiers (LCC)

Pin Grid Amays (PGA)

Quad Packs QUAD)

Resistors

Small Outiine Packages (SOP)
Staggered Ball Gnd Amays (SBGA)
Staggerad Pin Gnd Amays (SPGA)

BubepiTe epaeas: NIMEPEHAR ANR ONUCEUAR MOLEIM KOMMOHENTa ?

Meoereemw{”dm&m) v

Puc.12.

Haxxumaem [lanee. Teneps mporpamMma MpOCHUT yKa3zaTh CIOCOO MOHTaxKa.
ThroughHole - ato monTaxx B oTBepctHe, a SurfaceMount - 3T0 TOBEpXHOCTHBIN
MoHTaX. CHOBa HaxkuMmaeM Jlanee U yka3pIBaeM JUaMETp KOHTAKTHOM TUIONIAJKU
U 1uaMeTp oTBepcTHs. Jlanee yka3piBaeM pacCTOSIHUE MEXKAY OTBEPCTUSIMU. 3aTEM
[IporpaMMa CIpAIINBAET MOJSPHBIM WJIM HEMOJSPHBIA JTaHHBIM KOHJEHCATOP.
BeiOupaem ctuimb MoHTaka. B urore moydaercst BOT uto (puc.13).

00
+

Puc.13.

AHanoruuHelM 00pa3oM CO3/JaeM TMOCaJo4yHble MecTa Uil  JPYyTux
KOMIIOHEHTOB.

OTkpbITH OMOIHOTEKY MOXHO KoMaHoi PCB / PCB Library.

O0s13aTeIbHO COXpaHsieM Bce M3MeHeHUs mpoekTa komanaoi File (daiin) /
SaveAll !

[locagounsie mMectra B  mporpamme  AltiumDesigner  HUMeHYyIOTCS
kak "footprint"  (pyrmpunr).  Temepp  mpuNUI0O  BpeMs  NPUKPEIUTH
CO3/IaHHBIM(PYTIPUHT PE3UCTOpPA K €r0 YCIOBHO TpaduueckoMy H300paKECHUIO.
Jlnis sTorO B IepeBe npoekTa oTKpbiBaeM "bubnmoreka anemenToB.SchLib" . 3atem



CIpaBa B HIDKHEW YacTH dKpaHa HakaTh Ha KHONKY SCH, menkHyTh 10 HEMY U B
KOHTEKCTHOM MeHIo BbiOpaTh SCH Library. OTkpoercs MeHemkep pa3paboTaHHON
OMOIMOTEKN IIEMEHTOB, B KOTOPOM HY)KHO BBIICITUTH HY)KHBIN JIEMEHT (B HaIlleM
clIydae Pe3ucTop) U HaxkaTh KHOIKY "mo0aButh" (Puc.14).
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e pezucrop
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TN MoAeam | =1 1 Passive

Footprint i [ AoBaENTE FARAWTE | | Mpaska

: Moge... Tan Onucarmme

HAEATE CHOIA

| veemen ||

Puc.14.
[Tocne 3TOro B MOSIBUBIIEMCS MAJICHHKOM OKOIIIEYKE BHIOPATH THUIT MOJEIH
"Footprint" u Haxxate OK. Otkpoercs okHo "Mojenb KOMIOHEHTa Ha riare", B

kKoTopoM Haxkumaem "OO030p" u BeiOupaem "IIM nns pesucropa". Haxats
OK. Puc.15.



SCH Library v x

KomMAoHEHTs OnucanKe

Bloeswcrop 000000000000

Footprint Model

Name Model Mame 0630p [B... _Eiunu,p, 3.

Onucanme Footprint not found

BubanoTt I BuEnnoTera nocagoumex mect.Peblib

Macka [k v

Wms BuBEnuoTera
Mkl gna peancropa  EBMEnwoTEKa NoOC3Q0Y

1 ikame

| Ox || OTmedHa |

Puc.15.
Coxpansiem Bce n3MeHeHnus npoekra komanoit File (Daitr) / SaveAll.
AHanornyHeIM 00pa3oM co3faroTcs Jpyrue KommoHeHThl. [locie aToro
NepexXoanM K CO3JJaHUI0 TPUHITUTTHATIBHON CXEMBI.

Co3paHue cxeMbl JICEKTPUYECKON MPUHIUITHAIbHON

OtkpeiTh (aiin [levatnas miuata.PrjPCB. IlosiBuTcs MeHemkep MPOEKTOB.
[énkuyTh aBaxkael no "Cxema 3yekTpuueckas nNpuHuunuaibHas". Ha padbouem
nosie nosiBuTcs (popmartka. Hactpoum penmakrop. s 3toro B paboueMm moJie
HIEJIKHYTh MPAaBOW KHOMKOW MBIIIM M BBINOJHUTH Komauabl Onumu / Onuuu
nokymeHnTa. [losBurcs oxno "Omiuu noKyMeHTa", B KOTOPOM MOXHO BBIOpATh
dopmar mmcra, a B 3akiaake "Eg.u3m." ycTaHOBUTH METPUUECKYIO CHUCTEMY
Millimeters.(puc.16).
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Puc.16.

PacmipenHbie HACTPOWKHU OTKPBIBAIOTCS, €CIU B paboveM IoJIe MIETKHYTh
MpaBOM KHOMKOW MBIIIA W BBITOTHUTH koMaHael Onuuu / HacTpoiiku penakTopa
cxeM. Hacrtpolikm JgaHHOro pemakTopa HaxoIiITCsS B pasaene Schematic.
Haxxatuem knaBuim G yCTaHOBUTH IIar CETKU S MM. BbINMOJHUTE KOMaH bl Daiin
/ CoXpaHUTh BCE.

UtoObl co3gaTh cxemy U3 OHMOJMOTEUHBIX DJJIEMEHTOB, HAJI0 OTKPHITH
co37aHHbIe OMOIMOTEKH. J[71s1 ’TOTO B HMIYKHEN YacTH KpaHa MICIIKHYTh 10 KHOTIKE
System. B Bemagatoriem MeHto BbIOpath bubOmmorexkn. CrpaBa OTKpoeTcs

MeHemxep bubmuorekn, B koTopom BbIOpaTh bubnmoreky snemeHToB.SchLib.
(puc.17).
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Puc.17.
[Ipumeuanune: Ha pwuc.l7 OubauoTEeKa TOMOJHEHA MHOK HOBBIMHU
KOMITOHEHTaMHU.
Tenepp M3 ATOrO CHHUCKA BBIOMpPAEM HYXHBI KOMIIOHEHT U JIBaXK]IbI
HIeJIKaEM 10 HEeMY, IOCJE€ YEro KOMIIOHEHT CIEQyeT 3a KypCOpOM MBIIIH.
PasmecTM ero B Hy)KHOE MECTO JIUCTA HaXKaTHEM JICBOM KHOIKK MBI (puc.18).
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Puc.18
[Tocne pa3merneHuss BceX HEOOXOIUMBIX KOMIIOHEHTOB Ha pabodeM JIHCTe
CXEMbI IEpPEeXOAMM K HX COCAUHEHHIO IPYr C JApPyroM. Pucyem NpOBOIHUKH



koMaHnoi "Pasmemenne / CoenuHeHuwe" wiM HaXaB Ha KHOMKY (OTMEUEHO

cTpeikoi) (puc.19).
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Puc.19.

Co3paHue nmeyaTHOM MJIATHI
Beimonuuth ocHOBHbIE HacTpouku. /[l »Toro oTkpeiTh (aitn Ilnarta
nevyatHas.PCBdoc. B paboueM mnone rpaguueckoro perakropa IEIKHYTh TPaBOi
KHOMKOM MbIIIM. OTKpOETCA BBINAAAI0IEe MEHIO, B KOTOPOM BBITTOJIHUTH KOMaH/bl
Omniuu / CBoiictBa miatel (uiu [lapameTpsl muiathr).
OTkpoeTcsi OKHO, B KOTOpOM B Tosie EnuHUIBI W3MEpeHHsl BbIOpaTh
METPHUYECKYI0 cucTeMy u3MepeHus Metric, mar cetku 0,625mm, yCTaHOBHUTH BCE

raJIoOYKy Kak Ha pucyHke 21.

EfiHugs nEmepeHnn (M)

Eqmrnms |Memc

Nokas pasgeanTened

Croi U | Do nat use

NapameTpuw cemem (3

MpumAzEa & ceTie
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| Display Physieal Designatars v]

MyTe MHCTRYMEnTa passogem (B

|| Mpresaka & AMHEAHERM

MasuLgan AMCTa

. Noxazame amcr

- -
< ABTopazuep

¥ Npup=s. € TouKaM gEbenT?

LWar cer 0.625mm
| War Ha eeex eaom

Haxumaem OK. Jlns wu3MEHEHHUS CTPYKTYpbl

[C] Snap To Object Axis  Advanced = = ] Npuassca & koHTypy
: Snmap To Arc Centers
¥ Banpaie WHdapial
| Cemin.., | Hanpas-wme.. | oK J OTmersa
Puc.21.

neyaTHoW 1maThl (1O

HEOOXOJAMMOCTH) BBIMOJIHUTH KOMaHJbl Onuuu / VYmpaBieHUE CTEKOM CIOEB
(cTpyKTypo# neyaTHoO# miaThl). B mosiBUBIIEMCS OKHE MOYKHO YIPaBJISATh CIOSIMHU,



YKa3bIBaTh MATEPUAIIbl U UX TOJIIMHY, HO 3TH HACTPOWKHU HYXKHBI JIMIIb B CIIy4dae
OTHPABKH IUIATHI HA IPOU3BOJICTBO.

Tenepb Mbl MOKEM C/€NIaTh UMIIOPT Pa3pabOTAHHOM ANEKTPUUECKON CXEMBI
B pemaktop. Jas 3TOro HY)XXHO  BBINOJHUTH KoMaHael  [Ipoext /
ImportChangesFrom Ileuatnas muara.PrjPcb. Tlocnme sTtoro oTkpeiBaeTcss OKHO
Ilepeuens n3menenuii. B HeM Haxkath KHONKY IIpoBepuTth, a TOTOM BBITTOTHUTE.
Ecnu Het ommboK, To B paziene CTaTyc NOSIBISIOTCS 3eJIEHBIC TAIOUYKH (pHC. 22).
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Add Comg

¥ add ] Cxema 3 To B9 Naata nevatnaa.PcbDoc
Add Room

(¥ Add % Room CuTo B9 Nnata nevathas.PcoDoc
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Puc.22.
Haxarp kHONKY 3akpbITh. PUCYHOK CXEMBI MOSIBUTCS CIIpaBa CHU3Y OT
NIEYaTHOM M1aThl (B po30BOM Mosie). (puc. 23)
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Puc.23.
Yniansiem po30Boe IOJIE, a MOTOM BBIJICIMB BCE KOMIIOHCHTHI TIEPEMEIIacM
UX B YepHYIO 00J1acTh. (puc. 24)
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Puc.24.

KommnoHeHThl pacrnoyiaratoTcss B MPOU3BOJIBHOM TOPSAKE, HO Mporpamma
"momMHUT" Bce 1enu (Oenble TOHKWE COEAMHEHUS), HApUCOBAHHBIE paHEe B
NpUHLIUNHAIBHON cxeMme. Tenepb mepemMeiniaeM KOMIIOHEHTBI YIAEPKUBAsl JIEBYIO
KJaBuiry Mei. [To HeobxoaumocTu BpaiiaeMm ux ¢ MOMOIIIBIO KIaBUIIH MTPOOEII.
KOMMNOHEHThl HYKHO KOMIIOHOBATh MPUJIEPKUBASICH OCHOBHBIX PEKOMEHJIAIIMI:
1 - campie '"cBs3aHHBIC" KOMIIOHEHTHI pa3MeliaeM Mo IMEHTPY (OOBIYHO
MHUKPOCXEMBbI)

2 - KOMIIOHEHTHI, KOTOPBIC pPACCEMBAIOT MHOTO TEIUIa, pACIOJararoT Ha
PAcCTOSIHUM JIPYT OT Apyra.



3 - mevaTHbIe NMPOBOAHUKH HE JOJDKHBI OBITH CIWIIKOM JUITMHHBIMHU (JIJIs
ATOTO Pa3yMHO pacrojiaraéM KOMIIOHEHTHI Ha TIj1aTe).

1. HWHrepakTuBHas TpaccupoBKa. TpaccHpOBKY NPOBOJHUKOB MOXKHO
IPOU3BOJAUTh BPYUYHYIO C IMOMOIIBI0 KOoMaHIbl Pa3smemenue / WHTepakTuBHAs
TpaccupoBka. [locie 3Tol KOMaHABl Kypcop IPEBPAILAECTCS B KPECTUK, KOTOPBIM
HaXMMaeM 10 Ji0o00M KOHTakTHOW 1uiomanake. I[Iporpamma mnojacBeTUT Te
KOHTaKTHbIE IUIOIIAJKH, C KOTOPHIMHU BBIJCICHHBIA OOBEKT MMEET CBs3b. 3a
KypCOpOM TMOCHENYET JIMHHUA-TpAcCa, KOTOPYKO NOABEAEM K ITOACBEYECHHOU
KOHTAKTHOM ILJIOIIAJIKE.

2. ABromarmyeckas TpaccupoBKa. Jli1  TOro, 4roObl MPOU3BECTH

ABTOMAaTHYCCKYIO TPACCHPOBKY, BBIIOJIHMM KOMaHIy ABTOTpaccupoBka / Bce.
(puc. 25).
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Puc.25.
[MTosiButcst okHOo CTpaTteruu TpaccupoBkH (puc.26).
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Puc.26.

Beibepem  crtparermto  DefaultMultiLayerBoard, 3arem  Haxxumaem
"HanpaBienue Ha cioe" W B MOSBUBIIEMCS OJHOMMEHHOM OKOIIEYKE JieJIacM
HACTPOUKH Kak Ha puc.26. OOpaTuTe BHUMaHue, 4yTo A ciiosi TopLayer BeIOpaHo
cocrosinue "NotUsed" (me wucnonw3yercsi). Haxumaem OK wu  RouteAll
[TosBuBIICECST OKHO Messages 3akpbiTh. CHaUasa s pacCTaBUI KOMIOHEHTHI U BOT
YTO MOJIYYHIIOCH ITOCIIE aBTOTPACCHUPOBKH (pHC.27).

Puc.27.
[TpOBOAHHKY 110 YMOJYAHUIO CIUIIKOM TOHKHE. J[JIsT TOTO, 9TOOBI N3MEHHUTD
HIMPUHY TPOBOJHUKA, BBIACIMM €ro M IICIKHEM IPaBOM KHOIMKOW MBI |



BbIOepeM "cBoiicTBa". Otkpoercs oxHO "Jlopoxkka', B KOTOpPOM yKa3aTb
HeoOxoaumyto mupuHy U Haxatb OK. B Moem cimydae mmpunHa paBHa 0,5 mwm.

(puc.28).

Puc.28.

UtoOb1 00pe3aTh miaty nepexoaum Ha cioit Mechanical 1 B HkHEH dacTH
skpaHa. Komanmoit Pasmemenne / JluHusg pucyeM  KOHTYp  IUIAaThl
(IpsIMOYTOJIBHUK) BOKPYT HAIlUX D3JIEMEHTOB (KOHTYp IO YMOJYaHUIO OyAeT
PO30BOT0 I[B€TA). 3aT€M BBIJICIIUM MBIIIKONW BCE KOMIIOHEHTHI (KOHTYp TOXE) U
HaxuMaeM komOuHanuio kimaBuin Shift+S. He cHumasi BbIneneHHI BBITOIHUM
koMmaHabl [Ipoekt / ®opma miatel / 3agaTh MO BbIACICHHBIM oObekTaM. [locrne
Yero IJiata OOpeKeTcsi, HO BCE AJIEMEHTHI OYIyT CEporo I[BeTa, MOATOMY CHOBA
HaXruMaeM komOuHanuio kiaBuil Shift+S u menkaem no kHomke Clear (CHATH
MacKy) B HU)KHEM IIPaBOM YTy 3KpaHa (puc.29).
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Puc.29.
Coxpansiem npoekt Paiin/CoxpaHuTh BCe.
Co3gaHHy0 ATy MOKHO ITOCMOTPETh B TPEXMEPHOM BHJE C IOMOIIBIO
koMaHabl ~ MHcTpymeHntsl / MHCTpymeHThl mpouuiblx Bepcuit  / IIpocMotp
TPEXMEPHOTO BUJA.

W TemrriPace B Topade BRcHa 4 0 GET cns
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1. OBOPYZIOBAHUE
[TepconanbHbIil KOMITBIOTED ¢ YcTanoBiaeHHOM CAIIP Altium Designer.

IV. 3AIAHUE HA PABOTY
[Tepenecure BhIIaHHYIO MpenoaaBareiem cxemy B CAITP Altium Designer u
paspaboTaiiTe meyaTHyo IIaTy yCTpOuBa.

VI. YKA3ZAHUA 110 OPOPMIJIEHUIO OTUETA
OT4yer [OKEH COAepKaTh KpPaTKOE ONUCAaHUE IOCJIEN0BATEIBHOCTH
BBIMIOJIHEHHBIX MNpPH MNPOEKTUPOBAHUU JEUCTBUH M H300pa)k€HUE CO3JaHHOMN
II€YaTHOM IIJIAThI U DJIEKTPUYECKON TPUHLUIINAIBHON CXEMBI.

VII. KOHTPOJIbHBIE BOITPOCHI
1. [lepuuncnure ocHoBHBIE Bo3MoxxkHOocTH CAIIP Altium Designer.
2. Kakue tunsl TpaccupoBok mouepskuBaet Altium Designer

VIII. CIIMCOK JIMTEPATYPHI
1. Jlonatkun A.B. [IpoektupoBanue neyaTHbiX miat B Altium Designer. —
M.: IMK Ilpecc, 2015. — 400 c.



2. Cyxomonbsckuit B.FO. Altium Designer. CkB0o3HOE NPOEKTHPOBAaHHUE
bynkuuoHanbHbIX y3710B POC Ha mevarHbix 1uiatax. YyebHoe nmocodbue. — CIIO.:
BXB-Iletepbypr, 2015. — 560 c.

3. OO6yuaromuii KypcC 1o Altium Designer. (URL:
http://cxem.net/comp/comp150.php)



JJABOPATOPHAS PABOTA Ne3
Co3nanne 00bEéMHBIX 00bEKTOB ¢ MOMOIIbI0 3D-npuHTEpa

|. {EJIb U 3AZJIAYUN PABOTHI
[TonmyueHune mepBUYHBIX HaBBIKOB paboThl ¢ 3D-mpunTepom Picaso Designer
PRO 250.

Il. TEOPETUYECKUE CBEJJEHUA

[Tpuntepsr PICASO 3D co3maroT TBepable TpeXMEpHble OOBEKTHI U3
pacIUIaBJICHHOW HUTH TEPMOILIACTHKA METOJOM IocioiHoro Hayoxenus [FFF -
Fused Filament Fabrication].

PacnnaBneHHas miacTUKOBasi HUTh 4Yepe3 MeYaTalollyl0 TOJIOBKY IOJaeTcs
Ha miatopmy, Iie TOCIONHBIM HAIJIABJIEHUEM CO3JaeTcs Teno Monaenu. Takum
oOpazom, 3D mpuHTEp OTIMYHO HOAXOAMUT JJIsl NPOTOTUIIMPOBAHUSA M CO3/aHUs
Pa3IMYHBIX MOJIEIIEH HA IPOU3BOJICTBE.

3KCTPYQEP

MJIATOOPMA

Puc. 1. [lpunuun aeiictusa 3D-npuntepa FFF.

['maBHOM ocoberHHocThIO Designer PRO 250 siBnsieTcss BO3MOKHOCTD TIeHaTH
JIByMsI MaTepHajaMH, a TakKe NMPUMEHEHHe HoBelIneld TexHomoruu — JetSwitch.,
Designer PRO 250 mo3BomisieT 3HAYUTENBHO PACIIMPUTH TPAHUIBI MPUMEHEHUS
nepcoHanbHbIX 3D npuHTEpOB. Bosbllle HET HUKAKUX OTPAHUYEHU 0 CI0KHOCTH
Y TEOMETPUU NeyaTu!



AN DESIGN
A" PRO250
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Puc.2. JIunieBast ctopoHa besigner PRO 250.

1 — KpeImka npuHTEpa — TMO3BOJISET COXPAHATH MOCTOSHHYIO TEMIIEpaTypy
1evYaTy BHYTPU NMPUHTEPA U 3aKPHIBACT BHYTPCHHHE JIEMEHTHI.

2 — UndopManmoHHbIi auciiel — npeaocrapisier uHgopmanuio o Designer
PRO 250 u cocTosiHuM nevaru.

3 — JDXOWCTMK yHOpaBlIeHUSI — HMHCTPYMEHT YIIPaBJICHUS IPUHTEPOM,
JOCTYTHBIE GYHKIIUKA OTOOpaKaroTCsl Ha WH(OPMAITMOHHOM JUCIUIEE.

4 — Crnot s xaptel microSD — ycranoBuB microSD kapty, Bbl cMoxkeTte
nevatath 3D 00beKThI 0€3 MOAKIIOUEeHNS KOMIIBIOTEPA.

5 — Pazpem mns moaxmrouenus kabenst USB — coyXuT sl MOAKITIOUEHUS
ycTporcrtna Kk [1K.



6 — Knonka «Reset» — mo3BoIsIeT BBITIOTHUTE TIEPE3arpy3Ky yCTPOUCTBA

PICASO
o)

— s
: ~
3

4

Puc. 3. Bayrpennue anementst Designer PRO 250.

10 — IleuyaTaromiast roJI0BKa.

11, 12 — Comna.

13, 14 — CuctemMa OYHUCTKH COIIENI.

15, 16 — TpyOku mnojgayu IUTACTHKA — HAMpPaBJISIOT HUTh IUIACTUKA C
KATYILIKH K [1€4aTarolIeH TOJIOBKE.

17, 18 — [epkarenu juisi KaTyImIKH — CIYXKaT ISl KPEIJICHUS KaTYIIKU C
IJIACTUKOM.

19 — [MogorpeBaemas maaTdopma Jjis IEHaTH.

I11. OOPYIOBAHUE
[Tepconanbubiii komnbioTep 1 3D-mpunTep Picaso Designer PRO 250.



IV.3AJAHUE HA PABOTY
[ToAroTOBUTH K TIeYaTH paHee pazpabOTaHHYIO TPEXMEPHYIO MOJIETh JETalu
U U3TOTOBUTH €€ ¢ nomoinbio 3D-npunTepa.

VI. YKA3AHUA 110 O®OPMIJIEHMIO OTYETA
OT4er JOIKEH COAEpKaTh KpPaTKOE ONMCAaHUE IIOCIIENOBATEIBHOCTH
BBIIIOJIHEHHBIX JICHCTBUM M U3TOTOBJICHHYIO J1€TaIb.

VII. KOHTPOJIBHBIE BOITPOCHI
Onwumure npunuun padotsl 3D-npuntepa?

VIII. CITUCOK JINTEPATYPhBI
Wuctpykums mo skcruryaranuu 3D-npuaTepa Picaso Designer PRO 250.



JIABOPATOPHAS PABOTA Ne4
«ITonyyenue 3D-Mozeneit 00beKTOB ¢ TOMOIIBI0 3D-ckanepay»

HEJDb U 3AJAYHN PABOTbI
[{enbro paboThl sABIsICTCS TIepBOE 3HAKOMCTBO ¢ 3D ckanepom Rangevision.
[Tonb3oBaTeNb JOJKEH HAYYUTHCS 3aIyCKaTh MAKET, U3yYUTh MOJIb30BATEIbCKUN
uHTep(delic makera, 03HAKOMUTHCS C CUCTEMHBIM MEHIO, TaHEISIMI HHCTPYMEHTOB.
INPUBOPBI U OBOPYJIOBAHHUE
[TepcoHanbHBIN KOMIBIOTEP C YCTAHOBICHHBIMHU IIporpaMMamMu Rangevision

ScanCenter u IDS Camera Manager.

HOPAAOK BBIITOJIHEHUSA PABOTDI

1. Hepsoiii 3amyck ScanCenter

Bxurounte npoekTop U MOAKIIOUUTE CKaHEp K KoMIbiotepy. I[IpoBeprte B
IDS Camera Manager NOAKIIOYEHUE U JOCTYIHOCTh KaMmep. 3anmycTute
nporpammy Rangevision ScanCenter.

[Tocne 3amycka nmporpamMmbsl Bel yBuanTe n3o0pakeHue ¢ KaMep B TJIaBHOM

OKHC IMPHUJIOKCHUA, a ITIPOCKTOP HAYHCT IIPOCHUPOBATL KPECT.

MNpumevaHue
ECM KaMepkl HE YCTAHOBNEHBI MM HE NOAKAHMEHBI, HA MECTE CHUMKOB By 08T YepHbIA MK
CephbIA 3HpaH.
Heobxooumo TaHMe NpOBEPHTL, HE MCNONL3YEIT AKM Nporpammel Tuna 1CQ, Skype, Sippoint

KM I'ID,CI,DﬁI— blg WM OOHY M3 Kamep B Ha4decTee EIEﬁ-HEII'I.-‘IE'pI:-I.

2. HayanbHasi HAcTpoiika KaMep U 00bEKTHBOB

BHMMmaHue!

MpoBepbTe, 4TO NPAEaA KEMEDS COOTBETCTBYET NPaBOMY CHUMKY, 8 NEEEA — nesomy. MpaeaR
HaMepa — T3, HOTOPaA HaXOOWTCA Mo NPaByH PyHY, ECAWM CTOATE C330M CKEHEpPa NUUOM K
OBBEKTY CKAHMPOBEHMA.

Ecnn Kamepsl NEPENYTaHbI, M3MEHWTE COCTOAHME NEPaMETPa [TOMEHAM b KAMEDEI MECTIGMU
Ha BwnagHe Komeps! B awanore Hocmpolxo ofopydosorur (Hocmpolxo—» Hocmpolxo
obopydosaHuA).

[Ipu mepBoit HacTpoiiKe CkaHepa M300pakeHHEe ¢ KaMep MOXKET ObITh HE B

doxyce: CIAMIIKOM SIPKUM WM TeMHBIM. OTperyiaupyiite 0ObeKTUBBI KaMep Tak,



qTOObl HAa W300paX€HUM KaMep ObUI0O BUAHO KaJMOpPOBOYHOE II0JIE MEpe

CKaHEPOM.

PGFYJ'II/IPOBKa 00BEKTHBA OCYHICCTBIICTCA CIICAYIOIIUMU 3JICMCHTAMU

1. Kosb1io HACTPOUKM pE3KOCTH

2. Konb1o HacTpoMku quadparmbl
3. OukCUpPYIOLINUN BUHT PE3KOCTH

4. Oukcupyroumuil BUHT quadparMsl

......

He BpIKpyuMBaiiT€ MOJHOCTBHIO (PUKCHPYIOLIME BUHTHI KOJIEL HACTPOMKH
00BEKTHBA, UX JOCTATOYHO OCHIaduTh. [lociie OkOHUaHUs peryIupOBKH OOBEKTUBA
3a(UKCUPYUTE KOJIbI[A HACTPONKHU BUHTAMH.

3. Haxoxxaenue paéouyero paccTosiHust
Jist  HaxokneHus: pabouero paccTostHuS (paccTosHME 0 OOBEKTa)

MOMECTUTE KaTUOPOBOUHOE TOJIE TIEPE OJHOM U3 KaMep (CM. CXeEMY).

KanuGposouxoe none

v

neeas npaeas
Kamepa Kamepa

npoexTop



Kamepa npomkHa OBITh yCTaHOBJEHA  MapaJljIeNIbHO JIydy IPOEKTOpa.
Bxumtounte pexxum mpoktopa benwiti céem. Ilpu HEOOXOAMMOCTH, PETyIUpPYS
pe3kocTh U auadparmMy oOBbEKTHBA, HACTPONTE M300pakeHUE, YTOOBI OBLJIO BHUIHO
KanuOpoBoyHOE mosie. JIBuras mose Onrke WM Jajibllie OT KaMepbl, COBMECTHUTE
KpaiiHue METKH KaauOpOBOYHOTO TOJISI C CHHEH CEeTKOH Ha BUIEC C KaMepbl, Kak
MOKa3aHO Ha pUCyHKe HUxke. CuHUE BepTUKaJIbHbIC JIMHUU Pa3METKU Ha BUJE C

KaMCpbl DIOJKHBI COBIIaZIaTh C MCTKAMM Ha KaJ'H/I6p0B0‘—IHOM II0JI€.

NpumedvaHue

Ona nposepru HaRaeHHoro paccToAdA D cywectayeT dopmyna L=0/3, rae D - paccroAHme
oo nong, @ L— pacctoAHMe mewny oBbexTMBamM Hamep. 3HaYeHWE 3aMEpPEHHOro
PECCTORHMA HE QONMHO CHMIEHO PACXOAMTECA CO 3HAYEHMEM, PAcCHMTaHHBIM no dopmyne.
Ecnv ecTe cMAbHOE pacxowieHWe, MPOoBEpLTE MNPaBWNLHOCTE NOACHEHMA KaMep W
POKYCHOE paCCTOAHME OB BEHTHBOE.

LE ]

4. Hacrtpoiika ¢dokyca npoekTopa

JUig (hOKyCHUpOBKHM IPOEKTOpA YCTAHOBUTE KaJMOpPOBOYHOE IIOJIE NEpPEN

CKaHepOM Ha HaiijienHoe paccrosinue D.

BxmtounB pexum mnoxacera "Ilomockl u  nuHuMM", HacTpoiiTe ¢oOKyC
MPOEKTOPA, YTOOBI IMHUY HA KAITUOPOBOYHOM TI0JIe ObUTH MakCUMabHO dyeTkue. C
MOMOIIIBIO  KOJIblIa  MaciTabupoBanus (Z00M) yCTaHOBUTE MHHUMAJIBHO
BO3MOYKHYIO 00JIaCTh MOJICBETa MPOEKTOPa TaKUM 00pa3oM, yTOObI Bce MoJie ObLIO

OCBCIICHO C HeOOJIBIITUM 3aI1aCOM I10 BBICOTE.

MpumeyaHue

Ha npoektopax Acer mMWUHMManbHas 06/1acTb MOACBETa (KOAbUO MacluTabupoBaHMA B
KpalHeM MooXeHnn) NO3BOAAET HAaCTPOUTb GOKYC A1a Mo6oro KanmbpoBOYHOrO NONA.
[nA ApyrMX NPOEKTOPOB B 3aBUCMMOCTM OT 30Hbl CKaHWPOBAHWA C MOMOLLBHO KOJbLa
MmaclwTabuposaHMa HyKHO nofabupate Takyto obnacte noAcBeTa, NpW KOTOPOM Bce nose
Oy4eT OCBELLEHO, MW MCNO/b30BATE CrielyasibHble JIMH3bI.

@~

5. Caenenne kamep



Jlnis paboThl ckaHepa ero KaMepbl TOJKHBI ObITh CBEIEHBI B OJJHY TOUYKY Ha
3aJJaHHOM paboyeM pacCTOSHUU. YCTAaHOBUTE KaJIMOpPOBOYHOE TIONIE TMepen
CKaHEpOM Ha HalJeHHoe paccrosiHue D (ecim MEHSIM €ro MoJOXKEHUM IOCIe

(bOKyCUpPOBKY IPOEKTOPA).

MpureyaHune
' " |Ecnm uaoBpamerue c Kamep o4eHb TEMHOE MKW NEPECBEYEHHOE, OTPEryaupyiTe auadparmy
e |1 pesKocTb Ha obvekTuBe.

YcraHoBUTE Kamepbl B TIOJOKEHHE, COOTBETCTBYIOINIEE BBHIOPAHHOW 30HE
ckanupoBaHus. HeoOXoauMo COBMECTHTh YEpHBIC PHUCKH Ha TepeaHed YacTu
ckaHepa, obo3HadueHHbIC 1,2,3,4, ¢ BHYyTPEHHUM KpaeM YCTaHOBOYHOW TUTACTHHBI
Kamephl. [[71s1 3Toro ocinabbTe BUHTHI KPEIUICHUS U TIEPEABUHBTE KaMEPhl B HY)KHOE
nonoxxenne. Ilonoxxkenue 4 nius kamep oOmiee. Ha kapTuHke HEDKE KaMephl

YCTAHOBJICHBI B ITOJIOKCHWH JJIA 30HbBI CKAHUPOBAHHA Ne2.

- e e

IToBopaunBasi KaMepbl BOKPYI' CBOEH OCH, COBMECTHTE GEPMUKAILHYIO
JIMHUIO KPECTa U LIEHTPAJIBHYIO CUHION GEPIMUKANbHYIO IMHUKO HA BHJIE C KaXIA0U

N3 KaMCpP, KaK ITOKa3aHO Ha PUCYHKE HUIKC.




PerynupoBka mosiokeHHsT ~KamMep B TOPU3OHTAIBHOM  IIOCKOCTH
OCYLIECTBISETCS C IIOMOILBI0 U3MEHEHUS MIOJIOKCHUS NIEpeNHen paMku. i 3Toro
0cl1adbTe PETYJIUPOBOYHBIE BUHTHI U, U3MEHSISI IMOJIO)KEHHUE PAaMKH, COBMECTUTE
CPEOHIO 20pUOHMANLHYIO CUHIOW JIUHUIO HAa BUJAE C KaMep C 20pU3OHMANbHOLU

JIMHUEN ITPOELUPYEMOT0 KPECTa.

3aTsHUTE (bPIKCPIpy}OIHI/Ie PETYJIMPOBOYHBIC BUHTBI IIOCJIC BbBICTABJICHUA

IMOJIOKCHHA KaMEp.

NpumeyaHune

EcnM Kamepbl ONYULEHbI CAMIIKOM HWM3KO, CHadyana OTPEryIMpyHTe rOpWM3OHTaNbHOE
NOMOMEHWE, @ 3aTEM CEEMTE KAMEpPLI M0 BEPTUKANM.

Hebonblioe OTKAOHEHME MEMOy NPaBod WM NEBOM Kamepamu Mo BbICOTE He BJAMAET Ha
KauyecTBO CKAHWPOBaHWA, BbiBepUTe CpeHEE NMONOKEHHE,

6. IIpoBepka cBeJleHUsI KaMeP B TOPU30HTAJIbHOM MJI0CKOCTH

Jliis npaBUIbHON pabOThI CKaHEPA JIyd MPOEKTOpa U ONTHUYECKHUE OCH KaMmep
JIOJKHBI JIEKATh B OJJHOM TUIOCKOCTU. DTO JOCTUTAETCS PETYIUPOBKON MMOJOKEHNE
KaMep OTHOCHUTENbHO MPOEKTOopa ellle npu coopke ckanepa. [Ipu TpancnopTupoBke
WIH JIPYTOM MEXaHHMYECKOM BO3JCHCTBUHM IOJOXKEHHE MOXET COUTBHCS, 4TO
IIPUBEIET B HEKOTOPBIX CIy4yasgX K YXYAILICHUIO KAadyecTBa CKAHMPOBAHUS.
[IpaBUIBHOCTP HACTPOWMKHU JIETKO IMPOBEPUTH, HAIMPABUB Hpoeuupyembld Kpecm
mociie CBEJCHHs KaMep Ha yJaleHHbI oO0BbeKkT. ['opu3oHTanmbHas JTHHHUS KpecTa

JIOJDKHA COBIAJIATh C TOPU3OHTATILHOW JIMHUEW CUHEW Pa3METKH Ha BUJIE C Kamep.



Eciu npoeunupyemass JMHHSA M JIMHUSA Pa3METKH HMMEIOT  OO0JbIIOe
pPacXoKIEHUE MPU Pa3HBIX PACCTOSAHMIX 10 OOBEKTA, OTPETYIUPYUTE MOJOKEHHUE
IPOEKTOpa OTHOCUTEIbHO Kamep. [l »Toro ocnabbTe KpeIuleHHe Kopiyca Ha
HIKHEH 4acTH CKaHepa U MoAOepUTe TaKoe IMOJIOKEHUE, IPU KOTOPOM IpOBEpKa

OyzeT yCIenHo mpoBeieHa.

7. duHaJbHAS HACTPOIKA Kamep
ITocne BbICTaBICHUS TTOJIOKEHHS KAMEP COBMECTUTE MPOELUUPYEMBIN KPECT C

IIEHTPaJbHON METKOM Ha KaJIMOPOBOYHOM TIOJIC.




Mpume4aHue

O6paTuTe BHMMaHWe, NpW NPaBWUAbHOM pPACMONOKEHMM NOAA Ha paccToAHum D
BEPTHKaIbHaA NMHMA KpecTa byaeT coBMNafaTk C LeHTPa bHOM BEPTUKAaABHON CUHEN NMMHWMEN
pa3MeTKM Ha BUAE C Kamep. B npoTMBHOM ciydae ByaeT 3aMeTHO OTKNOHEHWE B TY MW MHYIO
CTOpPOHY.

J151s TOro 4TOOBI HACTPOUTH PE3KOCTh OOBEKTHBA, HY>KHO:
O BKJIIOUHTE pexuM Inpoektopa "HepHsblil cetr";
O YCTaHOBHTE IMOJI3yHKOM B MaHEIH MHCTPYMEHTOB MUHHUMAJIbHOE 3HAYEHUE
AJIEKTPOHHOM 3KCIO3ULMHU (3HaYeHHe 1);
O MaKCHUMaJbHO OTKpoWTe auadparMy OOBEKTHBOB, YTOOBI M300pa’K€HUE C
KaMmep ObLTO MAaKCUMAJIbHO SIPKUM U HE NIEPECBEUCHHBIM;
O HacTpoWTe OOBEKTHUBBI KaMep Ha PE3KOCTb. DTO yIOOHO JeNaTh, YBEINYUB

nzo0paxenue, s rToro Haxxmurte JIKM no obnactu nmpocMoTpa.

[Tocne HaAcTpOWKH PE3KOCTH OTperynupyite auadparMy OOBEKTUBOB.
Bxmrounte pexum "JIuHMM M 1monochl", YCTaHOBUTE 3HAYECHHE DIIEKTPOHHOU
skcno3unuu B guamnazoHe or 30 go 60 (MeHbIee 3HAYCHHE, €CIU OOBEKT
CKaHMPOBAHUA TEMHBIN U OoJiblliee, eciii cBeTbli). [Io yMoIuaHuio yCTaHOBIIEHO

3HaueHue 45.




[ToncBeueHHble KpAacHBIM OOJACTH O3HAYAIOT MEPECBEUYCHHBIE YYACTKU CO
CIIUIIKOM SIPKUM HU300paKEHUEM.

Hacrtpoiite nuadgparmy 0OBEKTHBOB TaK, YTOOBI JIMHUU Ha KaIUOPOBOYHOM
nojie ObLTM MaKCUMAaJbHO SIpKHME, HO 0€3 3HAYUTENLHOTO IMepecBeTa. SpkocThb

M300pakKeHUM ¢ KaMep J0JDKHA ObITh OJIMHAKOBa!

Mpumeyanue

Nna toro, ytobel ypobHee BLICTABMTL OOWMHAKOBOE 3HAYEHME SKCMO3ZMUMKM Ha obeux
Kamepax, MOXHO OCTaBuTe Hebonbluy nepecBedeHHyro (KpacHyro) obnacte. O aMHAKOBbLIA
“pucyHok” nepecBeyeHHOM ob6nacTM Ha obeux Kamepax MO3BOAMT TOYHEE HACTPOMTHL
aunadparmy 06 LEKTMBOE.

BHumaHue!

EcnM nepecBeT He MCUYE3aeT Aae NPW MakCMMANbHO 3aKpbITOH Auadparme, yMeHbLIWTE
3HaYEHWE 3NEKTPOHHOM IKCNO3MLMM,

MpoBepbTe HACTPOMKA NPOEKTOPa, BO3MOMHO OH CBETUT CAMLLKOM ApKo!

YMEHbLLIWTE YPOBEHb BHEIWHETO OCBELIEHMA.

Ecnmm  nHactpoilka mnpoucxomur Ha 4 30HY CKAHUPOBAHUSA, MOXKET
noTpebOBaThCSl YMEHbBIIEHNUE IPKOCTH JIMHUN U MOJIOC U3-3a OJU3KOr0 pacCTOSIHUSA
no oOwvekta. B myHkTre MeHio Hacmpoiika spkocmu yMEHBUIUTE 3HAYCHUS
SPKOCTH, KaK Ha PUCYHKE. 3HaUeHHE SPKOCTH JIMHHUM MpUMEpPHO B 2 paza OoJjblle
3HAYEHHUs] SIPKOCTU ToJioc. Bu3yanbHO JMHUM M TOJOCHI JOJKHBI OBITh

OJMHAKOBOU SIPKOCTH.

APKDCTE MKW

AprocTe nonoc

a0

ApKOCTL CBETE MEPKEPOB
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BHumaHKe!

Mocne OKOHYaHWA HACTPOMKWU AKKYPATHO 3adMKCMPYIHTE KOMbLA PE3KOCTM M AWadparmel
BMHTaMMu Ha o6 bexTMBax kamep, YTobbl He cBUTL MX NOMOMEHME,

[Tocne BbITIOJIHEHUS BCEX JIEUCTBHUM MO HACTPOMKE CKaHepa JOJDKHBI ObITh
BBITIOJIHEHBI YCIIOBUSL:
— KaMephl CBEJEHBI B OJIHY TOUKY, HAXOJISIIyIOCs Ha paccTosiHuu D oT ckaHepa;
— Ha O3TO K€ paccTosHHEe C(OKYCHpPOBaHbI KaMmepbl M MPOCLHUPYEMOE
n300pakeHHe ¢ MPOEKTOpPa;
— MpH CTaHJAPTHOM 3HAYCHHUU OSJCKTPOHHOH skcrmosuimu (30 — 60)
M300paKEHHE C KaMep HE MEePECBEUECHHOE U HE CIUIIIKOM TEMHOE;
— BCE PETYIHPOBOYHBIC U 33)KUMHBIC BUHTHI 3aTSHYTHI.

8. MacTep HACTPOWKH CKaHepa

3amyctute mporpammy  RangeVision ScanCenter.  Haxwmwurte JeBoit
KHOIIKOW MBI HA Macmep HACMPOUKU, BbIOEpUTE 30HY CKaHUPOBAHUS, Ha
KoTOpyio BaM HE0OX0aMMO HACTPOUTH CKaHEP, U, CIEIYs €ro MOACKa3KaM B MEHIO
POrpaMMbl  MO>XHO BBITIOJTHUTH, OIMUCAHHBIC BBINIE JEHCTBUS MO HACTPOMKE

CKaHepa.

Hacrpoiika

N[E e ey | B
Macrep ‘ MonHaa OpwueHTtn- Kaanbposka ‘s 1utpoers Hacrpoiika
HACTPOMHKM

Kanu6poBKa posaHue crona npoertops || koHGUrypauum

i
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Macrep nacTpoiiku ckanepa -

Macrep nomoker Bam HacTpouTs 3D cxarep RangeVison.

Mepesa MacTPOMKOil 0IHAKOMLTEC C PYKOSOACTEON NONL30BATENR,
BoifepiTe 30HY CXAMPOSaHA, HaNBONEE NOAXOARUYIO ANR CKEAMPOSAHNA
Bawero obvexTa.




JIABOPATOPHASA PABOTA Ne5
N3roroB/ieHne nMe4aTHbIX IJIAT JJISl MPOTOTHIIMPOBAHMS JJIEKTPOHHBIX
YCTPOUCTB

|. {EJIb U 3AZJAYUN PABOTHI

3HAKOMCTBO C TEXHOJIOTMEW HW3TOTOBJICHUS IEYATHBIX IUIAT MPOTOTUIIOB
AJIEKTPOHHBIX YCTPONCTB B JIAOOPATOPHBIX YCIOBHUSAX ¢ TTOMOIIBI0 cucteMbl LPKF
Protomat D104.

II. TEOPETUYECKUE CBEJJEHU A

Cucrema ProtoMat D104 npeana3zHayeHa JJi1 KOHCTPYUPOBAHHUSI EYATHBIX
minat. B jononHeHuWe K CBEPIWIbHBIM U ()PE3EpOBOYHBIM HHCTPYMEHTaM, B
CUCTEME MPUMEHEH BBICOKOTOUHBIM YD nazep, KOTOPHIM HCHONIb3yeTcsl B cepax,
peaycMaTpUBaOIUX 00pabOTKy OY€Hb TOHKHUX MAaTepuajoB, 0€3 BO3MOKHOCTHU
UCIIOJB30BaHUs MEXAaHMYECKUX HMHCTPYMEHTOB. Hapsagy ¢ apyrumu, K HuUM
OTHOCHUTCSI U3TOTOBJICHHE BHICOKOTOUHBIX CXEM (HampHuMep, CXeM pa3BETBICHUS T10
BBIXO/Ty, KOPITYCOB THUITA «MAaCCUB IIAPUKOBY).

Cucrema TaKxe MOXKET IPUMEHSTHCS B CICAYIOIIUX 00JIaCTsIX:

- TPACCUPOBKA THOKMX U THOKO-’)KECTKUX MEYATHBIX IIJIaT

- 00paboTKa KepaMHUyecKuX MaTeprayioB u JeHThl Green Tape

- U3TOTOBJICHHUE MPOBOJHUKOB C T€OMETPUUYECKH TOYHBIMHU pazMepaMu JJist
PY-cxem

- U3rOTOBJICHUE TIEPEIHUX MaHEIeH U BBITTOJIHEHUE TPABUPOBKOM HAAMUCEH

- M3roToBJicHHE TpadapeToB MOBEPXHOCTHOIO MOHTaXa JJis HAHECEHHS
IIPUITOMHOM NACThI

CucreMa mocTaBisieTcsl BMECTE C YJIOOHBIM JIJIsl TOJIb30BATENSI CUCTEMHBIM
nporpaMMHbiM  oOecrieuennem  CircuitPro PM, koTopoe aBTOMaTHYecKu
OTIpEJIeISIET, KOT/la HEOOXOIMMO 3aJCHCTBOBATh BHICOKOTOUHBIN Jla3ep, a KOoria
Oonee  OBICTPOACHCTBYIOIIME MEXaHWYECKUE WHCTPYMEHTH. [Iporpammuoe
oOecrieueHune Mo3BOJISIET UMIIOPTUPOBATH JaHHBIE B cienytomux popmartax: CAM,
Excellon, Gerber, GerberX, LMD, HPGL, DXF, Step, Iges, Sieb & Meyer u
ODB++.

[ToaroToBka ganHbix Takxke BeimoaHseTcs B CircuitPro PM. K IIK cucrema
noakitouaercs yepe3 unrepdeiic USB 2.0.

CucrteMa ocHallleHa BaKyyMHBIM CTOJIOM C ILIOIIaAbl0 00padoTku 305 MM x
229 MM, Ha KOTOPOM MPOUCXOIUT 00pabOoTKa MaTepuarna.

NHCcTpyMeHTaNnbHBIA Mara3uH MOXET OCHam@arbes 1S5 MexaHndecKumu
WHCTpYMEHTaMH sl (hpe3epoBaHUs U CBEPJCHHUS, KOTOpPbIE BO BpeMsi padOThHI
3aXBaTHIBAIOTCS W HACTPAMBAIOTCS B TIOJIHOCTHIO aBTOMATHYECKOM pPEKUME.
Bcerpoennsiii  BeicOKOTOUHBI Y@ nmazep mnpumeHsieTcss s 00paboTKu
CBEPXTOHKHUX CTPYKTYp. C MOMOIIBI0 YHUBEPCAIBHOTO PE3l[a MOKHO BBINOJIHSITH
M3O0JISIMOHHBIE KaHanbkl pasmepoM oT 0,2 Mm g0 0,5 MM, B 4YacCTHOCTH, C
MCIIOJIb30BaHUEM MHUKPOPE3LA BBIMOJHAIOTCA KaHAJbl 1JI1 YTEUKH TOKa pa3MepoM
or 0,1 mm 0 0,15 mM. YO nazep ucnonab3yeTcs sl BBITOJIHEHHS CBEPXTOYHBIX



W30JISIITUOHHBIX PACCTOSHUHN 10 15 MKM, KOTOPBIE HEJB3sI BBIIIOJIHUTH C TIOMOIIBIO
MEXaHUUECKHUX HHCTPYMEHTOB.

JI1s1 BBIMIOJIHEHUS IIMPOKUX HM3O0JISIITUOHHBIX KaHAJIOB WJIM 30H CTUPAHMS B
HaJIMYUU UMEIOTCS MIWJIMHAPUUYECKUE HHCTPYMEHTHI pazMepoM oT 0,8 MM 110 3 MMm.

CaepyieHHE TI€UATHBIX IIAT BO3MOXKHO C MCIIOJIb30BAHHEM CBEPJIUIIBHBIX
HHCTpYMEHTOB pa3mepoM or 0,2 mm nmo 2,4 mMm. KoHTypHas TpaccupoBKa
MEeYaTHBIX IJIaT U CO3JaHHWE OTBEPCTUH AUaMeTpoM OoJiee >2,4 MM JIOCTUTAETCS C
MOMOIIBIO CIICIIMATBHBIX (pe3 7151 CKOPOCTHON KOHTYPHOM 00pabOTKH.

ITocne 3aBepuieHHsT TOATOTOBKM JAHHBIX W CHCTEMBI IOJHOCTHIO
aBTOMATHYECKM HAYMHAETCA BBHINOJNIHEHUE mporecca. O COCTOSHUM CHUCTEMBI
MOXHO Y3HaTh B JII0OOW MOMEHT BBIMOJHEHHUS MpOIecCa MO CBETOAUOJIHOMY
WHJIUKATOPY COCTOSTHUS U CBETOBON MHIUKATOPHOU TpyOKe.

K nmpyrum xapakTepuCcTHKaM CUCTEMBI OTHOCSITCS:

- (pesepHbIl MMUHACTL ¢ MaKCHMalIbHON dYacToToM Bpamenus 100 000
000pOTOB B MUHYTY

- BCTpPOCHHAsI Kamepa JJIsl paclio3HaBaHUs OMOPHBIX TOYEK, MMO3BOJISIOIIMX
BBITIOJIHUTH 00pa00TKYy MHOTOCJIOMHBIX MEYaTHBIX TUIAT

- OTpaHUYHUTENIb TJIyOWHBI, OOCCIECUYHBAIONIMN BBIMOJHEHHE O0O0PaOOTKH
MO/IJIO’KEK C UYBCTBUTEIbHBIMU TTOBEPXHOCTSIMU

- BBITSDKHASI CUCTEMAa C aBTOMATHYECKUM HHAMKATOPOM, OOecredrBaronas
YUCTOTY IIpH 00paboTKe.



4 3
Puc.1. Buemnuii Bug ProtoMat D104 (1 — oOpabatbiBarolias roJioBKa, 2 —
KPBIIIKA, 3 — BaKYyMHBII CTOJI C MHCTPYMEHTAJILHBIM Mara3uHoMm, 4 — KOpIryc).
OOpadbarbiBaonmiasi roJioBKa ocHaileHa (pesepHoit 06abkoit u YO
nazepoMm. QOOpaOateiBaromias TOJOBKA, KOTOpas MPHUCOCIWHEHA K CHUCTEME
MEePEMEIICHHS TI0 OCH X, SIBIISIETCS CYIIECTBEHHON COCTaBHOW YaCThIO CHCTEMBI U

UCIIOJIB3YETCS ISl KPETUICHUS U MIEpEMEIIECHUS CIeIYIOMIMNX OTy3JI0B:

- YO nazep ¢ GoKyCUPYIOUIUMHU JIMH3AMHU

- (hpe3epHBIN MIMUHETD C YCTPOMCTBOM /IS 32)KUMa HHCTPYMEHTA

- 1IaroBbl€ JIBUTaTeId ISl MepeMelleHus oOpadaThiBarolleil rOJIOBKH IO
OCH Z, a TAaK)Ke ISl aBTOMATHYECKOTO KOHTPOJISI TITyOMHBI (ppe3epoBaHUs

- Kamepa JiJIsl pacro3HaBaHUsl OMIOPHBIX TOUEK

- OrpaHUyYMTENb TJIYOWHBI JUIsI KOHTPOJS TJIYyOMHBI TPOHUKHOBEHUS
bpe3epHOro MHCTpYMEHTa B 00pabaThIBaEMbIii MaTepral OCHOBAHHUS.

BakyyMHBIH €TOJI OCHalleH MOTOPU3UPOBAHHOW Yy-OCBIO, MO3BOJIIOIIEH
OCYIIECTBIISITh MPOTPaMMHO-yIIpaBisieMoe mnepemenienue. [lnomans oOpaboTku
cucteMsbl coctasisier 305 MM 1o ocu X 1 229 MM 1o ocu y. IIpu mycke cucremsl
BaKyyMHBIH CTOJI aBTOMAaTUYECKH YCTaHABJIMBAETCA IIyTEM IEpEMEUICHUsI B CBOE
MaKCHMaJbHOE KpaiiHee 3aJHee IMOJIOKEHHE C IMOCIEIYIOIIUM TepEMEIICHUEM B
CBOE TMpelesbHOe TepeaHee MOoJIoKeHne. BakyyMHbIN cTon 00OpynoBaH IByMs
COEIMHUTENbHBIMU IIJTAHTaMU, KOTOPBIMH OH MOAKIIOYEH K BBITSKHOU CHCTEME.



Puc.2. BakyymHblii cTol
(1 — coemMHUTENBHBIN IIJIAHTH, 2 — OJIOK 11a0JIOHHOM MPOBEPKH, 3 —
MeTaJuIOKepaMUUecKasl M1acTuHa, 4 — BAKYYMHBIN CTOM).

B BakyyMHBIH CTOJI BCTaBJICHa MeETAIOKEPAMHMYECKasi ILIACTHHA,
KOTOpasi BBIMOJIHAET POJIb MOJKIAAKH MPU 00pabOTKE C MOMOUIbIO MPOHUKAIOIINX
UHCTPYMEHTOB. Ha METaJUIOKEPaMHUUYECKYIO MJIACTUHY MOMEIIAETCs
NpelHa3HAYeHHbId 111 00pabOTKM  Marepuan  OCHOBaHMs.  Matepuai
OPWKUMAeTCsl K METaJUIOKEpAMHYECKOW IUTACTHMHE O0O0pa3yloluuMcs B HeE
BakyyMoM. IIpu HEOOXOIMMOCTH, METAIOKEPAMUYECKYIO0 IUIACTUHY MOXKHO
3aMEHUTh.

BakyymHblli  cTon  00OpyJOBaH BCTPOEHHBIM OJOKOM IIA0JOHHOM
NPOBEPKM /Il BBINOJHEHUS] OECKOHTAaKTHOW HACTPOMKH HHCTPYMEHTOB JUIs
bpesepoBanuss W CBepJeHUS.  YTMpaBlieHWE HACTPOWKOW  HMHCTPYMEHTOB
OCYIIECTBIISIETCS. AaBTOMATMYECKH CHCTEMHBIM TPOTrPaMMHBIM 0OecredeHneM
IIOCJIE 3aXBaTa NHCTPYMEHTA.

NHCTpyMeHTAJbHBII MAara3uH MOHO OCHAcCTUTh Makcumym 15
MHCTpyMeHTaMu. B Hauane mporecca o0pabOTKM B MHCTPYMEHTAJIbHBIA MarasuH
BCTaBIAFOTCS. MHCTPYMEHTBI, KOTOpPBIE IPUBS3aHBl K COOTBETCTBYIOLLUM,
ONpeeICHHbIM POrPaMMON TOJIOKEHUSIM JiepiKaresis UHCTpyMeHTa. Bo Bpems
00paboTKM TpoliecC 3axBaTa M HACTPOMKM HHCTPYMEHTOB, a TaKke HX
peryaupoBKa Mo rIyOuHE MOJHOCTHIO aBTOMATU3UPOBAHBI.



Puc. 3. UHCTpyMEHTANIBHBINM Mara3uH
(1 — uHCTpYMEHT, 2 — MarasuH, 3 — MyCTOM JepKaTeb NHCTPYMEHTA).

Bce dpe3epoBouHbIe U CBEPIIUIIbHBIE HHCTPYMEHThI OCHAIIEHBI PACTIOPHBIM
KOJIBLIOM, IBET KOTOPOT'0 COOTBETCTBYET LEIN IPUMEHEHUS HHCTPYMEHTA.

IBer Tun uHCTpyMeHTa
OpPAHKEBBIN Muxkpopesen
OpPAHKEBBIN YHuBepCcanbHbIN pe3el
CUHUH Topuesas ¢pesa (RF)
(bHUOICTOBBIN Topnesas ¢pe3a

cBeTio-3eneHbit | TopueBas ¢pesa (yuinHEeHHAs)

KETHIN ®dpe3a 111 CKOPOCTHON KOHTYPHOM 00pabOTKH

3eJIeHbIN CnupanabHOe CBEPIIO
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Puc.4. Bun cucremsr LPKF Protomat D104 c3aan
(1 — rHe310 AJIs MOACOETUHEHUS KAaOells CETEBOro MUTAHUs, 2 —

ITHEBMATHYECKOE COSAMHEHHUE IS TIOIKIIOUYEHUS CUCTEMBI ITOIa4H CKATOIO
BOo3nyxa, 3 — USB-pazsem mnsa noaxitoueHus cucreMsl K [1K, 4 —pazbem mis
MOIKJTFOYCHUS BBITSHKHOUW CHCTEMBI, 5 —pa3beM IS MOAKIIOUYCHUS CBETOBOM

UHIMKATOPHOU TPYOKH, 6 — IUTAHT JIJIS TIOJCOCTNHCHHMSI BBITSKHOW CUCTEMBI, 7 —

kabenb USB (kamepsr) miis noakmouenus k [1K).

I11. OBOPYIOBAHUE
Cucrema LPKF Protomat D104.

IV.3AJAHUE HA PABOTY
C nmomoripio porpammuoro oodecrneuerust CircuitPro PM u cucremsr LPKF
Protomat D104 mnoarotoBUTh K M3rOTOBJIEHHIO TPOEKT M  HM3TOTOBUTH
JIByXCTOPOHHIOIO NIEYaTHYIO IJIATYy.

V1. YKA3AHUA 11O OOOPMIJIEHNIO OTYETA



Otuer OOJDKCH  COACPKATh KpPATKOC OIMCAHHUE ITO0CJICA0BATCIBHOCTH
BBIITOJIHCHHBIX I[GﬁCTBPIﬁ " U3TOTOBJICHHYIO IICYATHYIO ILJIATY.

VII. KOHTPOJIBHBIE BOITPOCHI
1. Kakue anemenTts! BxoasaT coctaB cucteMbl LPKF Protomat D104?
2. Kaknmu Bo3MokHOCTsIMA 001amaeT cucrema LPKF Protomat D104?

VIII. CITMCOK JIMTEPATYPBI
Wuctpykuus no skcmnyaranuu LPKF Protomat D104.



JIABOPATOPHASA PABOTA Ne6
COopka MpOTOTHUIIOB 3JIEKTPOHHBIX YCTPOMCTB

|. IEJIb 1 3AJJAYN PABOThbI
[TonydyeHHe HaABBIKOB pa3MEIICHUS KOMIIOHCHTOB Ha II€YaTHOM ILIaTe ¢
IIOMOIIbIO TOJyaBTOMaTHUeckoi cucrembl LPKF ProtoPlace S u mocnenyromeit
naiiku ¢ omorsko reuu LPKF ProtoFlow S.

Il. TEOPETUYECKUE CBEJJEHUA

Cucrema LPKF ProtoPlace S

ProtoPlace S — 5310 ycTaHoBka misi TPOPECCHOHATHLHOTO MOHTaXKa
KOMITOHEHTOB TOBEPXHOCTHOTO THNA NpH COOpPKE MPOTOTUIIOB W HEOOJBIINX
neyaTHelx — IiaT.  KayecTBeHHass  KOHCTPYKIMST M JJIEKTPOHHKA  C
MUKPOIIPOLIECCOPHBIM YIPABJICHUEM YBEIUYHUBAIOT TOYHOCTb "
(YHKIIMOHAJIBHOCTh YCTpPOMCTBa MpU COOpKE CXEM IMpU HUCIOJIB30BaHUU psJlia
HOBEHIIMX KOMIIOHEHTOB, IOCTYIIHBIX B HACTOSIIEE BpPEMsI Ha DIIEKTPOHHOM
PBIHKE.

YcTpoiicTBO pa3paboTaHO M HU3rFOTOBJIEHO B COOTBETCTBUU C CAMBIMHU
BBICOKMUMH TEXHOJOTMYECKMMM CTAHAApPTaAMH. OTO IO3BOJISIET  BBIOJIHATH
pa3MeEIICHUE PA3IMYHbIX KOMIIOHEHTOB, BKIItoUas menkue aeranu QFP ¢ marom o
0,4 Mm (16 TeICAuHBIX mroiima) W a0 300 KOHTAKTOB, a TaK)XK€ KOMIIOHEHTHI
MUKpocxeM BmIOTh 10 0201 pa3nuyHbix MakeToB (YCTpOMCTBA TMOJAYH,
MOBOPOTHBIE CTOJIbI, MAJTUTPHI), (PUKCAUIO MEYATHBIX IJIAT Pa3IMYHOrO pa3Mepa
o 297 x 420 mm (11,8" x 16,5"), cmemenne U OJOKUPOBKY TOJOBKH
MOHTa)Xa/1I03UpOBaHUsA BO BCEX HaIpaBlIeHUsAX (X, Yy, Z), MPOCTOW BBHIOOp U
otoOpakeHue crnoco0oB Ha dyethipexcTpounoM JKK-mucmee. brmaromapsi cBoeit
HPrOHOMUYHON (OopMe U IJIEKTPOHHKE C MHU(OIPOLECCOPHBIM YIPaBICHHUEM,
TOHKO  HACTpaMBaeMbIM  IIapamMe€TpaM W CHCTEME  aBTOMAaTHYECKOIO
NO3UIIMOHUPOBAHUS KOMIIOHEHTOB, yXe 0a30Basi MOJeNb 00eCIeunBaeT HAJC)KHOE
U IPOCTOE HCHojiab30BaHue. [Ipy 3TOM MOXKHO JIETKO 100aBUTH (C BO3MOKHOCTBIO
paclIMpEHnsi) JONOJHUTENbHBIE BO3MOYKHOCTH, TaKW€ KaK MOTOPH30BaHHBIN
MOBOPOTHBIM CTOJI, pa3JIMYHbIE BHJBl YCTPOWCTB IIOJAYH, JIO3UPOBAHUE H
UCIIOJIb30BaHUE MHU(POKaMephbl, KOTOpbIE elle OOoJjblle YBEIUYHUBAIOT YPOBEHBb
MPAKTUYHOCTH U HAJIE)KHOCTH YCTPOMCTBA.



Bnok aucnnesn

MasunynarTop

Knasunarypa

Puc.1. Buemmnnii sBug LPKF ProtoPlace S.

MUKpOCTOJI YCTaHOBJIEH B LIEHTPAJbHOM YacTH YCTpOWCTBA MOHTaxa H
obOecrieunBaeT (PUKCAIMIO MEYaTHBIX IUIAT JIFOOBIX pa3MepoB 10 297 x 420 mm
(popmar A3 wmm 11,8" x 16,5"). [leyaTHble MUIATBl yCTAHABIMBAIOTCS MEXIY
NByMsl TUIaHKaMu. JleBas miaHka (UKCUpOBaHA, a MpaBas MPEAYyCMATPUBAET
NOANPYKUHEHHYIO peryaupoBKy. OOjacTh cipaBa OT HOJANPYKUHEHHOM IUIAHKU
TaK)Ke MpeAHa3HayeHa Il EMKOCTEW ¢ KOMIIOHEHTaMU.

JIlns  [OMOMHUTENbHOW TIOJICPXKKH ¢  (uKcanuer ObutM  J100aBIICHBI
MarHUTHBIE CKOJIB3SIIHE OIOPHI.

Bpamaromuecs pydkd Ha NepeIHEld NaHEeNIHW MpeAHa3HAa4YeHbl Uil TOYHOTO
NO3UIIMOHUPOBAHUS MHUKpPOCTOJIA, KOTJa Tpedyercs TouHoe pa3merienue. [IpaBas
pydKa IEpPEMEIIAET CTOJN B HAIIPABJIEHUU OCH X, JIEBas — B HAIPABICHUH OCH Y.
CeToBasi TOUKa B OKHE JJI1 MO3UMLMOHUPOBAHMS MHMKPOCTOJ]A IMOKA3BIBAET €ro
M0JIOKEHUE OTHOCUTENBHO Hayana KOOpAHHAT.

MaHnunynsatop 1O3BOJMSET BbIOMpaTh W pa3MellaTh  KOMIIOHEHTHI,
NpUNanBaTh MX, KPENUTh C MOMOILBIO KiIed U HMCIOJIb30BaTh MOIOLIUE CPEICTBA.
ObecnieunBaeTcsi MPOCTOM BBHIOOP KOMIIOHEHTOB W3 Pa3JIMYHBIX YCTPOMCTB
(JICHTOYHBIE U CTEpKHEBBIE YCTPOMCTBA MOAAYU, MOBOPOTHBIM CTOJ, JIOTKH) C
MOMOIIBI0O BaKyyMa, C ONOpOW Ha BbIOMparollyro urity. Bpamiatomascs pyuka
o0ecreunBaeT MOBOPOT KOMIIOHEHTA U PyYHOE pa3MElIeHHe KOMIIOHEHTOB TOJBKO
IIPUKOCHOBEHUEM WIJbl. B 3aaHell 4acTH MaHMMIYJIATOpAa HAXOIWUTCA IoJaya
BO3/yXa JJIs MOJKIIOYEHHSI 103aTopa U KaOemb JIIsl MOAKIIOYSHHS KaMephl.

B MaHunysATOp BCTPOEH KOMIUIEKT pa3MEIEHUs-I03UPOBaHUsSA, KOTOPBIH,
KpoMe Habopa [ J[03UpPOBaHMA U pa3MelleHus (OCHOBHOM Habop s
pa3MeIleHNs U JT03UPOBAHUs), COACPKUT NEAAIb I JO3UPOBAHUS, HACAAKY IS
BbIOOpA, IIECTUTPaHHBIA TOPLEBOM Koy Ne 2 (4151 3aMEeHbl KPOHIITEHHA WUIJIbI C
BBIOMpAIONIe Wrioi), W 3amacHoW (uKcupyromud BUHT. Jlo3aTop sBIsieTcs
BHEUIHUM YCTPONCTBOM, 00€CIIEUMBAIOLINM J103UPOBAHNE MASIIbHBIX M1ACT, KJIEEB U
MOIOIIMX CpeACTB. Moaynb sBIsETCA CbeMHbIM. OH KpENmUTCs K MAaHMIYJIATOPY
TOJIBKO BO BpPEM$ UCIIOJIb30BAHHU.



Yetoipexctpounblii KK-nucrneit obecrnieunBaeT 4eTKUd BBHIOOP PEXHMOB
paboThI U perynupoBok. @opMa U pacnoyioKEHUE OMUCAHUNA HATOMUHAIOT GopMy
Y PaCIOJIOKECHHE KJIABUIII HA KJIaBUATYPE.

Haxxatue knaBuill Ha KJIaBUAType IO3BOJIAET BBIOpATh CIOCOO padoThI,
BBITIOJIHUTh HACTPOWKHA UM YCTAHOBUTh 3HAYCHHS OTHECIBHBIX IapaMETPOB.
KiaBumm ciieno BBICTYNAlOT WM NPYKUHHO WIENKAOT MPU HAXaTUH, YNpoLas
Ha)KaTHUE BCIEMYIO.

Yno0Hoe mporpaMMHOE OOEcHedYeHHe MO3BOJSET omneparopy paboTaTh C
nByMsi ocHOBHbIMU MeHI0: pa3menenue (PLACE) u nosupoBanue (DISPENSE).
JocTtynHble B Hacrosimiee Bpems (YHKIMM T[OKa3bIBAIOTCA Ha JIUCIUIEE,
YIPaBJIECHUE BBINOJIHAECTCS C TOMOIIBIO KHOTIOK KIIABUATYPBI.

Bxitouenue neganu Bo BpeMsl pa3MEIIEHHs BBIKIIOUAET BAKYYM U BKJIHOYAET
M30bITOYHOE JABJICHUE NJIs1 BBIIABIMBAHMS MACThI, KJI€S W MOIOIIHUX CPEICTB.
CoenuHUTENbHBIN Kalenb Nenadd MOJAKIOYAaeTcsl K 3aJHed 4YacTH BepXHEH
KPBILIKH.

I10BOPOTHBII CTOJI, IPEXK]IE BCETO, IPEIHAZHAYCH I XPAaHEHUS OTAEIIBbHBIX
pacCesHHbIX KOMIIOHEHTOB, KOTOpPBIE HE SBJSIOTCA 4YacTblO CTaHJIAPTHOU
KOMIUIEKTalluu (JICHTa, CTEp>KeHb WM JIOTOK). KOMIIOHEHTHI 3arpykaroTcs B
yamkyd. TWIl, HAa3HAYEHWE M 3HAYOK YKa3blBAlOTCS Ha JTUKETKe. Yaliku
BBITNIOJIHEHBI U3 MPOBOJAIIETO IJIACTHKA, 00ecreunBasi aHTUCTaTUYECKYIO padoTy C
KoMIioHeHTaMu. Ha moBopoTHOM cToJie 00bIYHO ycTaHaBinuBaerca 45 yamek (15
onuHapHbIX ¥ 30 nBOMHBIX). PaznuuHble coUyeTaHUsl YallleK MO3BOJISIIO MOJTYYUTh
45,75 nmm 90 MecT xpaHeHus. BpailieHue moBOPOTHOrO CTOJIa MOTOPU30BAHO, IS
yhpaBieHus UM ucnoibzyercs Gpynkuus « Turntable» (IloBopoTHbIi cTO).

Kponmrelin ycTpoiicTBa mnomaud MNpeIHa3HA4€H Uil [PUMEHECHUS
JICHTOYHBIX WM CTEP)KHEBBIX YCTPOMCTB TOJIayd, KOTOpbIE BCTAaBISIOTCS B
HalnpaBJSIOLIIME KpOHWITEHHA. KpOHIITENH yCTpOMCTBA IOJa4Yd HAXOIMUTCSA C
JIEBOM CTOPOHBI yCTpoHcTBa MOHTaxka. OOIACTH C TIepeIHE CTOPOHBI YCTPOIMCTBRA
[I0JIaYy IIPEeIHAa3HAYEHA JIJIs BPAIIAIOIIMXCS KOMIIOHEHTOB.

IMeus LPKF ProtoFlow S

ProtoFlowS — 310 Mo11Has KOHBEKIIMOHHA I1€Ub 11 OECCBUHIIOBOU MAWKH
OTUIaBJICHUEM TTPHUIIOS.

C nomompto XXK-nucmnmnes 1 npocToil KiiaBHaTypbl MOKHO JIETKO BBIOPATH
MHO>KECTBO 3apaHee 3alporpaMMHUpPOBaHHBIX Tmpodwuiielr mpoieccoB. Bcee
napaMeTpbl npoduiisg, Takhue Kak TeMIlepaTypa U MpOJ0JDKUTEIBHOCT Mpoliecca,
MOTYT OBITH 3alpPOrPaMMHPOBAHbl HWHAWBUAYAJIbHO JJI OTACIBHBIX CTaaui
nojorpeBa u oruiaBieHus. [Ipodunn jgerko onpenensroTcs M0 UMEHaM, JaHHBIM
noJjib30BaTesieM. MOXKHO JIETKO YCTaHOBUTH OJIHY WJIM HECKOJIbKO TMEeYaTHBIX IJIaT
JI0 MaKCUMaJIbHOM paboueii moBepxHocTy 200x160 MMm.

MHOromnpoIeccopHblii KOHTPOJUIEP, B COUYETAHUM C 3-Ms JaTYUKaMH U 3
OTIICTIFHBIMHM TPYMIaMH HarpeBa, OOECICUMBAET PABHOMEPHOE PpACIPECICHHE
Telja 1O BCeW TIUIOMAAM  Te4YaTHOW  1iaThl. Heckoiapko  cBOOOIHO
IPOTPAMMHUPYEMBIX IIIar0B MEXKY TOJOTPEBOM M 3aKITIOYUTEIIEHBIM OTIABIICHUEM
MO3BOJIAIOT 00pabaThiBaTh MOYTH BCe Mpodmin naiku omasieHuem 1o 320°C.



Kpome Toro, ¢ momompio USB-mopra cBs3zm momynb 3anucu mnpoduien (10
YeThIpeX  HEO0OSA3aTENbHBIX  JIOMOJHUTEIBHBIX  JAaTYMKOB)  oOecreyuBaeT
MOHUTOPUHT W 3allMCh TEMIEpaTyp Ha T[EYaTHOM IUIaTeé WJIM OTIEIbHBIX
KoMIlOHeHTax. 2JT1o e USB-coenuHenune obOecnieunBaeT YIOOHBIA CIOCOO
CO3JaHMs U MPOrPaMMHUPOBaHUS MPOQUIIEH MPOIECCOB C MOMOIIbIO KOMITBIOTEPA.

WK-guennea

Knasuarypa

BulasixHOR
AL Buiknioyarens

NUTannA

Puc.2. ITeur LPKF ProtoFlow S.

Brikmtouarenbs NUTaHUs PACIONOKEH B IPABOM HIDKHEM YTIIy INEpeqHEn
naHenu ycrpoucrsa. Korma nmraHWe BKIKOYEHO, BBIKIIOYATENb IHUTAHUSA
IIOZICBEYEH.

[Topr USB-noakmnioyeHus Thna A HaXOAUTCA PAOOM C BBIKIKOYATEIEM
nutanusi. USB-nonkmouenne nognepxusaer USBeepcuii 1.1 u 2.0

Beibop B mMenro Ha derblpexctpounoM JKK-mucmiee ¢ momorbro
KJIABUATYPHI BIIOJIHE JIOTMYEH, TO €CTh CTPEJIKU HANpPaBIICHUS NEPEMEIIAIOT B
HY»KHOM HarpasiieHuu Kypcop Ha XXK-gucmee.

Cpenu JOCTYNHBIX IIYHKTOB MEHIO METOJbl pPabOThl U HACTPOUKH
napaMeTpoB. KilaBuIIM cCjerka BBICTYNAalOT HaJ IOBEPXHOCTBIO W TNPYKWHHO
HIEJIKAIOT MTPU HAXKATUH, 00eCTIeurBasi TAKTUIbHBIM KOHTPOJIb.

HarpeB kamepbl ocymiectBisiercs 6 TpyOuyaThIMM HarpeBaTeisiMd OOIIei
montHocTeo 3200 BrT.

AJFOMUHHEBBIE HAKJIAAKUA JIETKO CKOJB3ST IO JBYM CTEPXKHSAM, YTO
MO3BOJIAET JIETKO AJaNTHUPOBAThCA K PA3IMYHBIM pa3MepaM MEYaTHOW IUIATHI,
MakcuMyM 110 230 x 305 mm (9 "x 12i).

IIepen OTKpBIBAaHMEM M 3aKPBIBAHUEM SIIIHUKA MTOJACTCS NPEAYHPEKTAOITUN
3BYKOBOI CHTHAJ U BBIBOJUTCS COOOIIIEHUE Ha JHCILIEE.

JIBa peryaupyembiX BEHTHJISITOpA YCTAHOBJICHBI B HUYKHEW YacTH SIIUKA.
CkopocTh oxnaxJeHus peryiaupyercs, B qguanazone 0-100% c marom 10

I11. ObOPY IOBAHUE
Cucrema LPKF ProtoPlace S v neus nos naitku LPKF ProtoFlow S.



IV.3AJAHUE HA PABOTY
Pa3smectuTe Ha paHee H3rOTOBJIECHHOM TIE€YAaTHOM IUIaT€ »BJIEMEHTHI H
OCYIIECTBUTE UX MANKY.

VI. YKA3AHUA 110 O®OPMJIEHMIO OTYETA
OT4er JOIKEH COAEpKaTh KpPaTKOE ONMCAaHUE IIOCIIENOBATEIBHOCTH
BBIIIOJIHEHHBIX JIEHCTBUM M U3TOTOBJICHHBIN TPOTOTUII AJIEKTPOHHOTO YCTPOMCTBA.

VII. KOHTPOJIBHBIE BOITPOCHI
1. CocraB u HazHauenue cuctembl LPKF ProtoPlace S?
2. Hasznauenne u Bozsmoxunoctu neun LPKF ProtoFlow S?

VIII. CIIMCOK JIUTEPATYPhI
1. Muctpykuus mo skcrnyaranuun LPKF ProtoPlace S.
2. Uuctpykuus mo skcmnyaranun LPKF ProtoFlow S.



