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JIABOPATOPHAS PABOTA Nel
Co3nanue yepre:keid Ha ocHoBe Moaeim B CAIIP SolidWorks

[. IEJIb U 3AJAYU PABOTDI
[Tonyuenune HaBbIKOB OGOpMIIEHUS KOHCTpYKTOpckux ueptexedr B CAIIP
SolidWorks.

II. TEOPETUYECKHWE CBEJIEHUA

CpeI[CTBa ABTOMATHU3allU MPOCKTUPOBAHUS, BKIIIOYAIOIIHWEC BO3MOXHOCTH OG’bCMHOFO
napamMeTpUIeCKoro MOJACIMPOBAHUS M CO3/IaHUS KOHCTpYyKTOpckod mokymenrtammu (KJ[), Bce
AKTUBHCC BXOAAT B HAILy IMOBCCAHCBHYIO JKU3Hb. KOFI[EI-TO, Ha 3apC€ aBTOMAaTu3alnu, CYUTAIOCH
OOJIBIINM TOCTHXKEHHEM HAUYE€PTUTh YEpTekK Ha KomImbioTepe (B 2D-cucreMe — Ha 3JIeKTPOHHOM
KYJIbMaHe) — 3TO 00ECIeUnBaI0 COKpAIICHHE CPOKOB BHECEHHUS M3MEHEHHH B JOKYMEHTAITHIO.
Onnako ceiiuac HEOOXOAMMOCTh BhIUEPUYMBAHUS MpoeKuii u ceueHnii B CAD-cucteme MOXXHO
OTHECTH, CKOpEE, K €€ HEJOCTaTKaM, MOCKOJIbKY MPOTrpecc MIAarHyJ JajeKo BIOEped M YepTeKu
TErepbr  Cco3MalTcsi Ha  ocHoBe  3D-Mopeneit, aBTOMAaTHYECKH  0Opa3MEpHBAIOTCH,
MaCH_ITaGI/Ip}IIOTCSI [0 JIUCTY U O6HOBJI§IIOTC$I Ipu UBMCHCHUU HCXOI[HOﬁ MOACIIN.

YepmeorcHvle 610bl

Bpemennbie ocu. OueHb 4acTO JUHUM CEYEHUS JOJDKHBI MPOXOAUTh TOYHO MO LEHTPY
OTBEPCTHUSI WIM TeN BpamieHus. Her HeoOXoAMMOCTH €03/1aBaTh JAOMOIHHUTEIBHYIO T€OMETPHIO.
[IpocTto mnpuBs3bIBaiiTech NpU TMOCTPOCHUU JMHUHM CEUYEHHUS K BpPEeMEHHBIM OcsiIM (ocsiM
OTBEPCTUH M JAPYIHX 3JEMEHTOB BpauleHus). i 3Toro He0OXOIMMO BKIIOUUTH UX. B MeHIo
Buo Beibepute Bpemenuvie ocu 1 0TOOpa3UTE UX.

CkpbiTHe KpOMOK. [Ipu oToOpakenuu crynenvatsix paspe3oB mno ['OCTy kpomkw,
Jealle Ha TpaHUIE CEKYIIUX IUIOCKOCTEW, HOMKHBI ObITh CKpBITHL J[s 3TOrO, yIep»KuBas
HakaTod kiaBuiry Ctrl, BBIOEpUTE KPOMKH, KOTOPBIE HYXKHO CKpPBITh, 3aT€M HAKMHUTE MPaBYIO
KJIABUIIY MBIIIU U B KOHTEKCTHOM MEHIO BbIOepuTe CKpblmb KPOMKY.

Co3nanme BHAa, MNEePHEHAUKYJSAPHOro  Kpomke. Jlnga  co3gaHus  Buia,
NEPIEeHIUKYIIPHOTO KPOMKE, BBIOEpUTE KPOMKY KaK IOKa3aHO Ha puc. 1 a M HaxMure
Bcnomozamenvuuiii 6u0 maHenu MHCTpYMEHTOB Yepmeowc. Bun, nepneHANUKYISIPHBIA KpPOMKE,
cTpesika U MeTka Bujaa «b» co3nmaroTcs aBToMatnyecku. Eciii npu 3TOM ynepKuBaTh Ha)aTou
knaBumry Ctrl, TO HOBBIH BHJ MOXKHO Cpa3y € Pa3MECTHTh B IMPOH3BOJBLHOM MECTE UepTexka.
st Toro utoObl MOBepHYTH BUJ «b», BeIOEpUTE HA HEM KPOMKY IIIMHAPUYECKONH OOOBIIIKH
(puc. 16), zarem BwIOCpUTE HHCMpymenmvl => Paccmanosxa 6udoe uepmenxca => Ilo
séepmuxanu. Bung nosepuercs (puc. 1 8).

Tonkue JUHMHM, OrpaHMYMBAKOIIME BbIPbIB. KpoMKH, orpaHMYMBaIOlIUME BHIPHIB, B
cootBeTcTBUU ¢ [[OCToOM MOKHBI OBITH OTOOPaYKEHBI TOHKUMH JIMHUSIMH. Y IEpKUBasi HAXKaTON
knasumry Ctrl, BBIOEPHUTE LIETIOUKY KPOMOK, HAKMUTE KHONKY ToauuHna aunuy WHCTPYMEHTOB
Dopmam auHuYu A CAENANTe TMHUA TOHKUMH (S/2...S/3).

KacaresbHble kpoMkH. /111 0TOOpakeHUs1 KacaTeNbHBIX KPOMOK (KPOMOK CKpYTJICHHIT)
toHkuMH JHHUAMHU 110 ['OCTy BbIIETUTE BH, HAKMUTE MPABYIO KJIABUIY MBI U BBIOEPUTE
Kacamenvnas kxpomrxa => Jlunuu nepexooa no cmanoapmy.

OcB000:k1eHNEe BU/1a, BLIDOBHEHHOI0 OTHOCUTEJIbHO POAUTENbCKOrO. [Ipu co3nanun
HOBOTO BHJIa yJepxuBaiiTe HakaTol kinasuury Ctrl. Eciiu Buj yxe co3liaH, BBIICIUTE €ro JIUCT B
JepeBe, HaXMHUTE NPaByI0 KIABHUINY MBI U BbIOepuUTe Boipoguame => (Oceobo0umo
nepemeujenue UO08.
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Puc. 1. Co3nanue moBepHYTOTO BU/IA: 8 — BBIOOP KPOMKH Ha HCXOAHOM BHJIE; O —
IIOATOTOBKA CO34aHHOI'O BHUJa K BBIpaBHI/IBaHI/IIO 10 BepTI/IKaJII/I; B— pe3y.]IbTaT onepaupm

Caou. C OMOILIBIO CIIOEB MOXHO YHPABIATh BHIUMOCTHIO OOBEKTOB, I[BETOM, THUIIOM
JUHUA W TOJILMHOW JIMHUM, CO3JaHHBIX Ha yepTexe. CIoM NPUMEHSIOTCS ISl CKPBITHUS
UMIIOPTUPOBAHHBIX, HO HEHUCHOJb3YyEMBbIX pPa3MEpPOB, pa3MEPOB, HCHOIb3yEeMbIX  JJIf
MapaMeTPUUECKON CBSI3M, a TakKe BCIIOMOraTelbHOW reoMerpuu. Kpome TOro, uBer cios
HACJICTYIOT KOMIIOHEHTHI COOpKH, TMEPEHECeHHbIE Ha OSTOT cloil. Jlyis W3MEHEeHWs] THUMa U
TOJIUIMHBI IMHUH HA YEPTEkKE OTICIIbHBIX KOMIIOHEHTOB COOPKH BBIJCIUTE B J€pEeBE KOMIIOHEHT,
HOKMHUTE TPaBYI KIABUINY MBIIKA U BbIOeputTe Tonmwyuna nunuu xomnonenma. CHUMHTE
dnaxxok ¢ myHkTa Mcnonv3osams napamempul N0 yMOA4aHUu0, a 3aTeM Ha3HaubTe HEOOXOANMbIE
napameTphbl.

Pazmepo

SolidWorks — cucrema mapaMeTpu4eckoro MOJIETUPOBaHMS, MOITOMY BCE MOIEIU H
YepTEKU B HEH YIPaBISIOTCS pazMmepamu. CylIecTBYeT JIBa THITA Pa3MEPOB:

* VIpaBISIONIME pPa3Mepbl, WIH pa3Mepbl, MO KOTOPHIM OblIa TOCTPOEHA MOJIEIb.
3Ha4YeHUs YIPABISIONINX Pa3MEPOB MOKHO H3MEHATh KaK HaXOsICh B TOKYMEHTE MOJIENH, TaK
HEMOCPEICTBEHHO B 4epTexe. s OoTOOpaskeHHs YIPaBISIOIMX pPa3MEPOB Ha 4YepTeKe
BBIOCpUTE Bcmaska=>>dnemenmol Mooenu,

* CIIPAaBOYHBIC, WM YIPaBJIsieMble, pa3Mepbl. 3HAUCHHSI CIPABOYHBIX Pa3MEPOB 3aBHUCST
OT VIPaBISIONIMX pPa3MEpOB M MEPECUYUTHIBAIOTCS aBTOMaTudeckd. Jlns moOaBieHus
CIPABOYHBIX, WJIHM YIPAaBISEMBIX, Pa3MEPOB B YEPTEK HAKMUTEC KHONKY Aemomamuueckoe
HaHeceHue pazmepos TIAHEIH WHCTPYMEHTOB Paszmepvl u 63aumocés3u € TPOCTaBbTE
HE00XOIUMBIE Pa3MepBHI.

[To ymondanuio mocne m00aBICHHS B YEPTEXK BCE pasMepbl OTOOpaKAIOTCS B
COOTBETCTBUM C HACTpPOMKaMu, 3aJaHHBIMH B 1malnoHe JokymeHTa. OtoOpaxeHue
YIPABIISIONMX Pa3MEPOB MOJETH Ha YepTEeKE MMEET DS MPEHMYIIEeCTB. M3MeHss B depTexe
3HAYEHHE YNPABIIIONICTO pa3Mepa, MOKHO YIPAaBIATh MOJENbI0. Ecii B yepTexe Ha3HAYUTH
JIOITYCKH | TTOCAJKH, TO OHU OYAYT MepenaHbl B MOJICNb. P yTHIINT AJ1s TIepecyueTa IOIMyCKOB |
pacdera pa3MEpHBIX IIEMOYEK OepyT MMEHHO M3 Mojenu. [Ipu 0ToOpaKeHUU pa3MepoB MOJEIN
MOJYKHO YKa3blBaTh, B KaKMX BHJAaX KAaKHX DJIEMEHTOB KaKH€ THUIBI Pa3MEpPOB M TPUMEUAHHHA
0TOOpaxaTh.

OTtoOpa:xkenune pazmepa. Ha craguu 3D-monennpoBaHus MOXHO yKaszaTbh, YTO pa3Mep
He Oyner oToOpakeH Ha yepTexe. J{Jist 3Toro u3MeHuTe BRIOPAHHYIO 110 YMOJTYAaHHIO HACTPOUKY
Tomemums pazmep 015 umnopma 6 uepmedic OKHa BBOJIa 3HaYCHUS (pHC. 2).
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Puc. 2. ITometuTs pazmep g UMIIOPTa B YEPTEXK

Pa3smep Ha BbIHOCHOM moJike. HaunHaromuye moJyib30BaTeNi 4acTO CIIPALLMBAIOT, KaK
0dOpMHTH pa3Mep Ha BBIHOCHOW IOJIKE, HAPUMEpP IS TPAAYCHBIX U3MEPEHHH MajbIX YIJIOB.
JIJist 3TOTO BBIJENHUTE pa3Mep, HAXMHUTE MPaBYH KIABUINY MBIIIN U BeIOepute I[lapamempoi
omoobpasicenua=> Cmecmumov mexcm (puc. 3).
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Puc. 3. Pazmep Ha BEBIHOCHOM TTOJIKE

OToOpaxkeHne TOYEK BHPTYAJIbLHOIO NepeceYyeHUusi U MPUBA3KA K HUM BBIHOCHBIX
JUHUH (TUHUHA yIJuHeHus1) pa3MepoB. Ha mose yeprexa Takke MOTYT OBITh NMOKa3aHbl TOUKH
U JIMHUW BUPTYAJIBHOTO TEPECeYeHHUs] KPOMOK Mopenu. J[ias HacTpoWkw WX OTOOpakeHUs B
TeKyIIeM JTOKyMeHTe BbiOepute Mncmpymenmol=>>Ilapamempsl 1 B OTKPBIBIIEMCS 1HaJIOTOBOM
okHe mepeiiaure Ha BriIanaky Ceoticméa Ookymenma, TIAE TPOBEpPbTE, YTOOBI B pasene
Bupmyanvnas pesxocmv Oblna HaxkaTa KHONKAa BwuiHocHas aunusa(TOYKH BHUPTYaJbHOTO
nepecedeHus OyayT MpU 3TOM 0TOOpakKaThCs KaK TOYKU MEPECEUCHHSI BBIHOCHBIX JTUHUI).

OToOpakeHne TOYKHU TepecedeHUsi KPOMOK. JIJis TOro 4TtoObl OTOOpPa3UTh TOYKY
BUPTYaJIbHOTO TIEPECEUCHUS KPOMOK MOJIENH, BbIOepUTE TMpu HaxkaTtou kiaBume Crrl
HeoOXoauMble  (CKpeIMBAOIIMEcs) KPOMKH U HaXMHUTe KHONKY Toueuwsiti TIaHENIU
UHCTpYMEHTOB Dcku3. Ha ueprexe nmosBUTCs N300paKeHUE TOYKU BUPTYAIbHOTO IEPECEUCHHUs B
COOTBETCTBUU C 33JJaHHBIMU HAacCTpoikaMu. TOUKY MOKHO BBIOMPATh, OCYIIECTBIISTH MPUBS3KY K
HEl BBIHOCHBIX JIMHUHI pa3MepOB U T. 1.

IIpocTranoBka pa3mMepoB MO TOYKAM BHMPTYaJbHOl pe3kocTH. Paszmep «60» Ha
YepTEeKHOM BUJIe (pHC. 4) 3a71aH 0 TOUYEK BUPTYAJIbHOIO MEPECEYCHUs] KPOMOK MOJIEIH.
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Puc. 4. Pabora ¢ Toukamu BUPTyaabHON PE3KOCTH

IIpocranoBka nomyckoB U nmocaaok. B SolidWorks umeercst Bctpoennas 6ubaunoreka
nomyckoB u mocagok mo ['OCTy. Ilpu HasHaueHWUW pa3mepy THIIOB JOMYCKOB [locaodka,
Ilocaoka ¢ oonyckomumn Tonvko Oonyck W BbIOOpe O0O3HAUEHUS TOJISA JOIMYCKa W3 CIHCKa
CTaHJAapTHBIX 3HAUYEHUN M3MEHEHHE pa3Mepa (IIEpexol €ro B JIpyroil pasMEpHbI MHTEpBal B
mpelenax BBIIIEYKa3aHHOTO TMIOJSI JIOMYCKa) TMOBJEeYeT 3a CO0OW W3MEHEHHUE MpeesbHbIX
OTKJIOHEHUII B COOTBETCTBUMU C HCIOJb3yeMbIM CTaHAapTOM. MHBIMH clloBaMH, KaKIOMY
3HAYCHHIO pa3Mepa COOTBETCTBYET TaOyIUPOBAaHHOE 3HAYCHHE JIOMTyCKa (pHcC. 5).
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Puc. 5. O6o3HaueHue moss 10mycKka

B cuny BbIlIecka3aHHOTO, Ha3HAYEHUE pa3MepaM TUIIOB JOMYCcKOB: [locadka, [locaodka c
oonyckomunma  Tonbko Oonyck W WCIONB30BAaHME CIMCKA CTAaHJAPTHBIX 3HAYEHUH TMOJeH
JOTIYCKOB ~ SIBJIAIOTCSL O0jiee TMPEaNOYTHUTENbHBIMHM, TaK KaK IIOMOralT MpeJaoTBPaTUTh
BO3MOJKHBIE OITMOKY B CiTy4ae u3MeHeHus Mojenu. [Ipy Ha3HAYeHUU JIOMYCKOB «BPYYHYIO» HITH
C TIOMOIIbIO KOMaH/IbI 3amemKka KOHCTPYKTOP JOJKeH OyJeT caM KOHTPOJIUPOBATh M3MEHEHHE
MpeIeTbHBIX OTKJIOHSHUH IPU U3MEHEHUHU Pa3MEPOB MOJIEIIH.

Co3nanne 0003HaYeHHS JAONMYCKA B CJIyYyae PABEHCTBA HYJII0 OJHOT0 U3 NpeaeabHbIX
OTKJIOHeHHUii. 3amanuM Uil pa3Mepa 3HAYCHHE JIOMYCKa B COOTBETCTBUU C TOJEM JOMYyCKa
«H8», mpu 3TOM O0TOOpa3uM TOJBKO BepxHee, He paBHOe «0» TMpenenbHOEe OTKIOHCHHE.
Boinenure pasmep B rpaduueckoir obmactu. B okne PaszmepMeneodscepa ceolicmeHaXMUTE
KHONIKY /[ononHumensbHble ceolicmeéa W B OTKPBIBILIEMCS TUaIoroBoM okHe Ceoticmeapasmepa
HaxxMuTe KHONKY /[onyck. IlosBuTcst quanoroBoe okHO /[onyck pazmepa (puc. §). B none Tun
oonycka Bbi0epute Ilocaoxa; B none [locaoka omseepcmus BeiOEpUTE TpeOyeMoe 0003HaUEHNE
noJs omycka «H8». B nonsax Makcumanvuas v Munumanvhas eapuayus Ipu 3TOM 0TOOpa3sTcs
cranmaptHble 3HaueHHs «+0,046» um «0» BepxXHEro M HIXKHErO MNPEAESIbHBIX OTKJIOHEHUH,
COOTBETCTBYIOIIME JAHHOMY IOJIO Jonmycka. BBeauTe 3HaueHue BEpXHEro MOJS JOMycka —
«+0,046». B paznene [llpugpm oonycka otkimouute napamerp Hcnonvzosams wpugpm pasmepa
U 3ajaiiTe 3HaueHue ko3 punmenta «0,6» (umu «0,5») nist BeICOTH mpudTa 0003HAUYCHUS TIOJIS
nomycka. B pasnene Omobpaszume donyck HaxMuTe KHONKY I pynna 6e3 aunuu. Haxmute OK u
3aKpPOMTE JUAIOTOBBIE OKHA. DTO CIOCOO 3amaHus JOIMYCKa «BpY4YHYIO». Pe3ynbTar omnepanuu
MoKa3aH Ha puc. 6.
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Puc. 6. Hactpoiika mapaMeTpoB 0IycKa pa3mepa
Co31aHHe YKOPOYEHHBIX JUAMETPOB M PaanycoB. B 10KyMeHTax yepTekeid MOMKHO

CO3/aBaTh YKOPOUYCHHBIC JMaMETpPbl M PaJUyChl, 3a/aBas MX pa3Mepbl. [Ipu yka3zaHUHM Takoro
pa3mepa oToOpaxkaeTcs 3ursaroodpastas JuHus (puc. 7).
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Puc. 7. Pe3ynbpTaT Ha3Hau€HUs JOIYCKa C HYJIEBBIM IIPEIEIBHBIM OTKIOHEHUEM

Ipumeuanus

BaxHbIM cpencTBOM 0(hOpMIICHHUS YepTexel ABISIOTCS MpUMedaHusi, (QyHKIIMOHAIBHBINA
HaOOp KOTOPBIX cOOpaH Ha OAHOMMEHHOW MaHelu WHCTpyMeHTOB. K mpumedanusM oTHOCSATCS:
3aMeTKa, OTKJIOHEHHE (OpPMBI, IIEPOXOBATOCTh, MO3ULUS, 0a3a, 0003HAUYEHHE CBApHOIO IIIBa,
0JIOK, IITPUXOBKA, YKa3aTesb IIEHTPa, OCEBas JTUHUSA, YCIIOBHOE N300paKeHHE pe3bObl U JIp.

OnHuM 13 HanboJee YacTo UCMOIb3YEMbIX HHCTPYMEHTOB IIpU 0(OPMIICHUH YepTexeH
ABIISIETCS 3amemKa, KOTOpas MOXET OTOOpa)xkaTbCsl C BBIHOCKOW, YKa3bIBAIOLIEH Ha 3JEMEHT
(rpaHb, KpPOMKY WJIM BEpIIMHY) JOKYMEHTa, U COJAEpKaThb IPOCTOM TEKCT, CHUMBOJIBL,
napamMeTpUUeCKUH TEeKCT WM THMNEPCChUIKK. BBIHOCKA MOXET OBITh MPSMOM, W30THYTOH WIIN C
U30THYTBIMU yKazaTensiMu. [Ipu opopmieHHH TEeXHHYECKUX TpeOOBaHMN B 3aMETKy MOKHO
N00aBUTH Apyrue NpuMedyaHusi, HAIpUMEpP CUMBOJIBI IIEPOXOBATOCTH.

IllepoxoBaTocTh HA BBIHOCHOM MoJiKe. [Ipy BcTaBke IpuMedaHUs B 3aMETKY MOXKHO
au00 BBIOpATh MPUMEYAHHUE, YK€ CYIIECTBYIOIIEE B 4YepTeke (€CIHM MIEIKHYTh MO HEMY, TO
COXpaHUTCS acCOIMaTUBHAs CBsA3b), JHOO CO3/1aTh HOBOE IpHMEYaHHE B OKHe 3amemxa
Meneodoicepa ceoticme. C TIOMONIBIO A3TOTO crocoda MOXHO O(GOpMUTE OTOOpakeHHE
mepoxoBatoctu 1o I'OCTy B ciywae, korga IIEpOXOBAaTOCTh PACIIONAracTCsl Ha BBIHOCHOM
noJike (puc. 8).
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Puc. 8. lllepoxoBaToCcTh Ha BBIHOCHOM MOJIKE

Oro0paxxeHne B NpUMeYaHUH 3HAYEHHS Ppa3Mepa, CBA3AHHOIO C MapaMeTpPoOM
MojeH. [l 3Toro, HaXoIsCh B PEKUME PEIaKTUPOBAHUS 3aMETKH, IIEIKHHUTE TI0 pa3Mepy Ha
yeprexxke. B 3ameTky moGaButcs mapamerpudeckuii Teket Buaa R 7D I1(@Cxkpyenenue@lllkus-
Yacms oemanu-1-1@ Yepmedsrcnoiii 6udl"”. Ilocne BrIxoaa U3 pexuMa peJaKTUPOBAHUS 3aMETKU
0TOOpa3uTCs 3HaUECHUE pa3Mepa.

IIpocTaHoBKka pa3MepoB ¢ MHOKeCTBEHHbIMHU YyKa3zaTeJsiMu. YToObl 100aBHUTH
HECKOJIbKO BBIHOCHBIX JIMHUU (puc. 9), BO BpeMs IepeTacKMBaHUs 3aMETKH U Iepeln ee
pa3merenneM Haxxkmute kiaBumry Crrl. IlepemenieHne 3aMETKHM OCTAHOBHUTCS, U TIOSBUTCS
BTOpas BbiHOCKA. He ormyckas knaBuiny Crrl, HOXMUTE yKa3aTellb MBIIIM TaM, Iie HEOOX0AUMO
pa3MecTuTh BBIHOCKY. HakmmaiiTe Hy)XHOE 4YMCIO pa3 Ul pa3MELICHHS JIOTMOJTHUTEIBHBIX
BbIHOCOK. Otmyctute kiaBumry Ctrl M HaXMHUTE yKa3aTelb B TOM MeCTe, IJie HEO0OXOIUMO
pa3MecTUTh 3aMeTKy. 3aTeM, HaxXo[sCh B pEXHUME pelaKTUPOBAaHHUS 3aMeTKH, Habepute R u
BBIOEpUTE B Tpaduueckoit obmactu cymecTByomuii pazmep R0O,5. Beriiaute u3 pegaktupoBaHus
3ameTKH. Ilocie 3Toro CkpoiTe CylecTBYOMUN pa3Mep ¢ EAMHUYHOU BBIHOCKOM.

RO,5 RO,5 =
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Puc. 9. IIpocTtaHoBKa pa3MepoB ¢ MHOXXECTBEHHBIMU YKa3aTEJISIMU

JUisi 4acTo HMCHOJB3YEMBIX JJIEMEHTOB UepTeXa MOKHO CO37aBaTh, COXPAHSATH,
pelaKTHUpOBaTh M BCTaBJIATH OJOKHM, HANpuUMep CTaHAApTHBIE 3aMETKHU, OJIOKH 3arojOBKOB,
pacroyio)keHuil MeTok W T.J. BJIoku Moryr comepkaTb TEKCT M JII0Oble OOBEKTHI ICKHU3a,
MO3UIUH, HMIOPTHUPOBAaHHBIE OOBEKTHl W TEKCT, a TakkKe IITPUXOBKY. bioku MoxHO
NPUKPEIUISATE K TEOMETPUM WIM K YEPTEXKHBIM BUIAM, a TaKXKe BCTABJIATh WX B OCHOBHBIC
Haanucu. Ecian Ha Bamem mpeanpHusiTHH UCHOJIb3YIOTCS Clienu(UYecKue yCIOBHbIE 3HAKH, BbI
BCETJ]a MOXKETE CO3/aTh OJIOKH, COJIEpKAIUe HYKHbIE TpPaQHUECKUE U TEKCTOBBIEC DJIEMEHTHI.

Co31aHue 3HaAKa HEYKA3aHHOM mepoxoBaTocTH. PaccMoTpuM nmpumeHeHne OJI0KOB Ha
nprUMepe CO3JaHMs 3HaKa HeyKazaHHOU mepoxoBaTocTH (puc. 10). OTkpoiite penakTop 0JI0KOB
¢ momotbio Hucmpymenmor => bnok => Cozdams. HauepTute TOHKUMU JTUHUSMHU C TIOMOIIBIO
Oyr W OTPE3KOB BHYTPEHHUH 3HAYOK B COOTBETCTBHMHM C YEPTEKOM. 3aTeM HAUYEPTHUTE
YTOJIIEHHBIMH JTUHHUSIMH C TIOMOIIBIO OTPE3KOB BHELIHHUI 3HAYOK B COOTBETCTBUU C YEPTEHKOM.
3amaiite I TOYKH, MOMEUYEHHOM 3eneHbIM 1BeToM (cM. puc. 10), koopaunatel [—10, —10] u
3adukcupyiite ee. lononnure 3HaueHHe mapamerpa oOpadboTku 3ametrkoit Rz40. Co3nmaiite nBa
CJIOSI: TEOMETpPUs LIEPOXOBATOCTU M pa3Mephl IIEPOXOBaTOCTH. Pa3mepsl moMecTuTe Ha CloU
«pa3Mepbl MIEPOXOBATOCTU» U CKpoHTe ero. ['eomerputo u 3Haduenne Rz40 momectute Ha cioit
«reometpust mepoxoBarocTuy. Coxpanure 610k. OH aBTOMAaTUYECKH MOMNAAET B Manky broxku B
nepeBe KoHCTpynpoBaHus. JloGaBbTe ero Ha moie yepreka. Coxpanute OJIOK B bubauomexe
npoexmuposanus 1 AATbHENIIET0 UCIIOIb30BaHMS.



Puc. 10. Co3ganue 3HaKa HeyKa3aHHOM IIEPOXOBATOCTH
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[lepconanbublii kKomnbioTep ¢ ycraHoBieHHOM CAIIP SolidWorks.

IV.3AJAHUE HA PABOTY

Cozpnaiite yepTex neTanu, N300pa)KEeHHON Ha PUCYHKE, C TOMOIIBbIO CPE/ICTB

SolidWorks:



CEYHEHME A-A
MACLUTAB 4 : 1

1>

Rz\Qy

Hh13.600

V. IIOPAOK BBIIIOJIEHUA PABOTBI

1. 3anmyctute SolidWorks.

2. Co3paiiTe HOBBIM JOKYMEHT THUM «/JleTanby.

3. ITocTpoiiTe TPEXMEPHYIO MOIEJIb 3aIaHHOM JETAJIH.

4. CoxpaHuTe pe3ynbTaThl B (aill.

5. Co3paiite HOBBII TOKYMEHT TUIa «HepTex».

6. mnopTupyiite HEOOXOAUMBbIE BUABI U pa3pe3bl U3 paHee CO3AAHHOTO
JOKYMEHTA C TPEXMEPHOU MOJEIIBIO I€TAIIH.

7. JobaBbTe B UepTEK HEOOXOUMbBIE pa3MepPbl U 0003HAUEHUSI.

8. CoxpaHHTE PE3YNbTATHI.

VI. YKA3AHUA 110 OPOPMJIEHHNIO OTYETA
OTuer JOJDKEH COJEpKATh KPaTKOE€ ONUCAHUE MOCJIEA0BATEIbHOCTH
BBITIOJTHEHHBIX TMPU MPOEKTUPOBAHUW JEHCTBUH M HM300pa)keHHUE CO3JIaHHOU
JIETaJI B HECKOJIBKUX MTPOCKUIMSAX U UTOTOBBIN €€ YEPTEXK.

VII. KOHTPOJIBHBIE BOITPOCHI
1. TlepuumciuTe OCHOBHBIC THITBI JOKYMEHTOB. C KOTOPBIMH paboTaer
CAIIP SolidWorks.



2. Kakwme tumbsr pasmepoB cymiectBytoT B SolidWorks, u uem oHnu
OTJINYATCA?
3. B ueM 0coOeHHOCTh MapaMeTPHUECKUX CUCTEM MOJICITUPOBAHUS ?

VIII. CIIMCOK JIMTEPATYPHI
1. Qynapera H.}O., 3araiiko C.A. SolidWorks 2009 B mpumepax. — CIIO.:
BXB-Iletepoypr, 2009.
2. Kammmyn C.A., XomskoBa T.®., lllekun N.B. SolidWorks.Odopmnenue
yeprexeit mo ECK/I. — M.: SolidWorks Russia, 2009.
3. Bctpoennas cripaBounas cuctema SolidWorks.



JIABOPATOPHAS PABOTA No2
OcHOBBI pa3padOTKH 3JIEKTPOHHBIX YCTPOiicTB ¢ moMobio CAIIP Altium
Designer

[. IEJIb 1 3AJAYU PABOTHI

[Tony4yeHnue HaBBIKOB pa3pabOTKH 31EKTPOHHBIX ycTporcTB B CAIIP Altium

Designer
II. TEOPETUYECKUE CBEJIEHUA

CocraB mporpammuoro makera Altium Designer BkiIIO4aeT Bech
HEOOXOMMMBIN HAOOP WHCTPYMEHTOB [IJISi CO3/IaHUS, PEIAKTUPOBAHUS W TIPABKU
paboT HA OCHOBE JJICKTPUYECKUX W MPOTPAMMHUPYEMBIX HHTETPATBHBIX CXEM.
Penaktop cxeMm mo3BossieT paboTaTh C MPOEKTaMu JIF000T0 pa3Mepa U CI0KHOCTH,
npeoOpa3oBbiBasi UX B mpocredmme  nogonoku.  Ludpo-anamorosoe
MOJICJIMPOBAHUE YUUTHIBAET MOYTH BCE pEaJIbHbIE MapaMeTpPbl U MPEIOCTABISET B
pacnopspKeHHE  KOHCTPYKTOpa OTPOMHOE KOJMYECTBO PpA3JIMYHBIX AHAJIM30B,
BKJIIOYAsl aHAJIM3bl MEPEXOJIHBIX MPOIIECCOB, YACTOTHBIN, ITYMOB, MEpPeAaTOYHBIX
byukiuit, dypre, metonom Monte-Carlo, ¢ uameHeHreM 3HaYEHUN TeMIIEpaTypBhl.
Ha cxeMOTeXHHYEeCKOM YpOBHE TIPOBEPSAIOTCS U YCTPAHAIOTCS pa3IuyHbIe
UMIIEJIJAHCHI U MEePEeKPECTHbIE OTpakeHHs. PelakTop meyaTHbhIX IUIaT MPOrpamMmmbl
COJIEPKUT YHUKAJIbHBIE CpEACTBa JUIsi aBTOMaTH4ecKoro (mporpammel Statistical
Placer, Cluster Placer) u WHTEpakTUBHOTO pa3MEIICHUS KOMIIOHEHTOB.
Tononornueckuid TPaCCHUPOBIIMK Situs HCMOIB3YET MOTHOCTHIO HACTPaUBaEMbIN
QITOPUTM JUTsI PEIICHUS 3a7a9 Pa3BOJKH MEYATHBIX TUIAT C OOJBIION TIOTHOCTHIO
YCTaHOBKHU 3JIeMeHTOB. OH MOXKET paboTaTh 10 HEOPTOTOHAILHBIM HAMPABICHUSM
U C CaMOCTOSITEBHBIM BbIOOpOM ciioeB. [locTossHHO OOHOBIsieMble OMOIMOTEKU
nporpaMmbl XpaHsaT Oosiee 90 ThICSY KOMIIOHEHTOB. MHOTHE W3 HHUX HMEIOT
Mojienu nocanouHbix MecT, IBIS u SPICE-monenu, a takxe 3D-moaenu. Kaxayro
U3 HUX MOXHO cO37aTh B MporpamMMe CaMOCTOSITEIbHO C MHHUMAaJIbHBIMU
3aTpaTaMy BPEMEHHU IyTEM TOCIIeI0OBATEIHLHOTO BBOAA CBEACHUN O KOMIIOHEHTE.

bnaronaps nogaepxkke DirectX mpou3olnuio nepepacrpeesieHie Harpy3ku
MEXIy MPOIECCOPOM M BUICOKAPTOW, YTO 3HAYUTENIBHO YCKOPHIIO paboTy ¢
MOJINTOHAMHU U MHOTOCJIOMHBIMU 1aTaMu. CyIIECTBYET BO3MOXKHOCTh pa3padOTKU
NeyaTHOW IJIaThl B TPEXMEPHOM BHUJE C HMMIIOPTOM/IKCIIOPTOM JAHHBIX B
mexanndeckne CAIIP (SolidEdge, SolidWorks, AutoCAD, ProEngineer). Altium
Designer mogaepKuBaeT MpakTUYECKA BCE CYIIECTBYIONUE (POPMATHI BBIXOIHBIX
daiinos: DXF, Gerber, NC Drill, ODB++, VHDL, IPC-D-356 u mMHorHe npyrue.
Berpoennslit MacTep UMIIOpTa MPOEKTOB PE0OPa30BLIBAET OMOIMOTEKH, CXEMBI U
mwiatel u3 cuctem OrCAD, PCAD, Allegro PCB, PADs, DxDesigner B paGoTsl
Altium Designer He3aBucumo oT KkoaupoBku (Ounapuoit wim  ASCII).
OTIMYUTENHEHON OCOOCHHOCTBIO Cpebl IMPOSKTUPOBAHUS SIBISETCS CKBO3HAs
LEJI0CTHOCTh pa3pabOTKX Ha Pa3HbIX ATanax MpoeKTUpoBaHus. pyrumu cioBaMu
U3MEHEHUs, BHECEHHBIEC HA JIFOOOM YpPOBHE pa3pabOTKH, OyayT OTpakeHbl Ha BCEX
CTaJMsIX MPOEKTA.



Co3nanue 0M0JIMOTEKH JIEMEHTOB.

B paGouem moisie pemakTopa IICJIKHEM NPaBONW KHOMKOW MBIIIM U B
BBINIAAIOLIEM MEHIO BBIITOJIHUM KOMaH/Ibl «Oniuu / Onuuu
nokyMeHTa». OTkpoercsi okHO «Pabouast obiacth pemgakropa OUOIHOTEK» (pHC.
1). Bo Brimaakax "Hactpoitku penakropa" u "Ex.u3Mm." mpou3BecTH HACTPOUKHU Kak
Ha puc.1.

{ Hampoiinm pedastopa | Eg. wam, |
Crueen Paimep ancra Liset

[ R Is.u.nuuu 'r| | Mo ymanyannmg TpaHMLA _
X 150Dmm
Fazuep sl . BoH

¥ 1500mm
o ceme
7] Fpamses ) Wiar Lmm
¥ Crpumae Busags 1 Pl e
[¥] Noxasesams oBOIH. W KOMENTARHIA
OnucaHne BnSEanoTed
| Limk Ta Vault Or | | OTieHa

| Hacipaiki peaakTopa | E4 wau. |
Am@ mopas cHITeMa eaMHNL MeTpryeEan cuoTema EgMmMuL

] Memonssosams gofimosyio cncTesy [¥] McnonsiosaTs METEM4ECOGM CHCTERY

B amfMoBEoR CHCTEME JOCTYMHEL B sreTpWYEIKOR CHCTEME ADCTYNHE
CAEAYIOWME SANHALBE MAAG, J0ME, DXP CNEDEME SAMHNLEE ML, CW, MW

defauft (10 wwn} v aeTogoam. Mpw sudope AETOMETR. CHITEMA ABTOMATHYECKN
HEAMHLE AETOAKRM, CHCTEME NEPELRIDUIETCE M3 M B (M NPH BEARUMHE
aETomaTHHE K SYAET NEPCKNDYATRCA € patHon 100mm i w3 <M B M NPW seAruRHE
MM M3 J0RME, KOTA3 BEAWYMHA KPATHA EpatHon 1000m.

EquHMLE EauHmnLE Milimsters

CHET EMa EAMHIAL, HIMEREHNA
The schematic library document ‘snemenTe. SonLib’ 15 currently using Millimeters as its base unit.

7 Link Ta Vault

Puc.1.

Teneps MOXHO HACTPOUTH IIAT CETKU: IJISI ATOTO BBHITIOJHUTH KOMAHJBI «
Onmuu /Hactpoiika pemaktopa cxem». B okHe HacTpolku miemdkoM OTKPHITH
nanky Schematic u BbIOpatTh BKIaaky Grids. OTKpoeTcss OKHO, B KOTOPOM B I0JIE
«GridOptions» B okHe Bugumast cetka yctanoButh DotGrid (TouedyHast ceTka) uiu
LineGrid (nuHeliHas ceTka) , IBET CETKU 3a7aTh 4€pHbIM. Haxate [IpumeHUTH 1
Ok.

[ar ceTkn ycTaHOBUTH 1MM (HaxxaTueM kiaBuiu G).

Boimonaum  komanny «Pasmemienue/Jlunus» u - chopMupyeM  KOpITyC
pe3ucropa B BUJIE NPSIMOYTOJIbHUKA pazMepoM 10x4 MM.



Jlanee moGaBuMM BBIBOJBI pe3ucTopa kKomaumoi «Pa3zmemenue/BriBomy. CtaBum
BBIBOJIbI TaK 4TOOBI O€ble TOYEUYKHM HA KOHIIE BBIBOJA OBUIM HAMPABIEHBI OT
Kopnyca. benbie TOUKH MMOKa3BalOT MECTO COeIMHEHMS MPOBOAHUKOB. (Puc.11)

Workspacel DeriVik - Tpynne

Finete PriPch MpoesT
& Fibe Views | Shructure Eddar .EI_I.J .

= -'I MeuarTHan naata PP
HEd Source Documends

o Cughin MEETRANE A NEH 1 2
B Mzara neansan, PripBoe *
Eld libranes l 2 o —
=1l PCB Library Documenks

& BSnnoTE R ML L
=l Schemalic Lisiary Dacuminly
. Fasdi it ers ssmemirnn. ok

Puc.2.
UtoOBl TMOBEpHYTHh BBIBOJ IIPU €ro BCTaBKE HA)XMMaeM Ha Mmpoder.

OTpenakTUpOBaTh BBIBOA MOXHO ABaXKAbl INIEIKHYB 1o Hemy. [lociae 3toro
nosiBsieTcst okHO "Pinproperties" (Puc.2)

| Onucasne |Napamerpe |
Hmp pmie0aa i Mokas.,
DfotHaueHHE 1 = MNowkas.
Tun Passive -
e
Onucarmte
CHpHTE -
Cnmpoiaes Tpadca
BxyTp. cims. |Nu Symbaol -| Hawano = Omm ¥y 2mm
BHyTp. M3k | N Symbal - Owma  Smm
Brew, sHak !Hn Symbol *l OpuedTayw 180 Degrees -
BHEWH, CHME, | Ne Symbol bl Liser _ TwKC E
Name Postion and Font Designator Posiban and Font
Customize Position || Customize Position __
Use local Tant setting Time R Use local Tont setting | |
VHDL napametpe
Mo ymonuanwe DopMaT 1d ¥RGPOGCE Cﬁ;ggq;
Ot | Ommesda |

Puc.2



JInuHy BBIBOJIOB YCTaHOBHUTH 5 MM. Tak Kak BBIBOAbI pE3UCTOpPA HE
HYMEpYIOTCS U He 0003HA4aroTCs, B OKHax UMs BbIBOJIa U 0OO3Ha4YeHUE yOpath
(baaxku.

3anucarh CO3JaHHBIA PHUCYHOK pe3ucTopa B Oubmuoreky. [[ns storo B
HIDKHEH YacTh »HKpaHa HaxaTth SCH. B mnosBuBmIEMCS OKHE IIEIKHYTH IO
kHonke SCH Library, B cieayroliemM MOSBUBIIEMCS OKHE B CITMCKE KOMIIOHEHTOB
B bl MENKHYTh 10 Component 1 (Puc.3).

SCH Uibrary

KomnoHEHTH
Lj Camponent_ 1

7 ——

Cnucanme

SCHLIE Fiiter

SCHLUE Inspectar

— SOHLIE Last

nCompller SEH e 3@l | Hefop OpenBu

Puc.3.

Otkpoercst okHo "LibraryComponentProperties", B KOTOPOM MOXHO
nepeMMeHoBaTh  Ha3BaHue odnemeHTa Ha  «Pesuctop». B okomeuke
"DefaultDesignator" nammmem oOo3HadeHWe pesucTtopa R? ,rme BMecTto 3HaKa
BOMPOCA, MPU COCTABICEHUU CXEMbI, IPOrpaMMa aBTOMAaTHYECKH MOCTABUT HOMED
pesuctopa. B oxomeuke "DefaultComment" namuimem HOMHUHAN, a TaJOYKH
visible genaioT BUAMMBIMH Ha cXeMe yKa3zaHHyI0 HHpopmanuioo. Haxumaem
kHonky Ok. (Puc.4.)

Propertles Parameters
Brg.  Hus IHaueHE
Default Designator R? #i visible || Locked o I
Default Comment  * » ¥ Visible
Partil ¥ Locked
Desenption

Type

Library Link

Symbol Reference.  Compenent 1
= Description Vault |Htem... Rew.

Graphical

Mode |#| Lock Pins

| Shaw All Fins ©n Sheet (Even if Hidden]
Lacad Colars

Edit Finsi.



Puc.4.

Jus  toro, 4YroObl  co374aTh  HOBBIM  KOMIIOHEHT,  BBIINOJIHUM
koMmaHay "MHctpymentsl / HoBbiii kommioHeHT". IlosSBUTCS MalleHbKOE OKHO, B
KOTOPOM HYXKHO BBecTH ero Ha3zanue M Haxarb OK. HoBblli KOMIOHEHT
nosiButcst B Oubamnorexke SCH Library.

[IponenaeM OCHOBHbIE HACTPOMKH pEAaKTOpa IMOCAAOYHBIX  MECT.
OtkpeiTh  Qaitn npoekta "llewatnas mmara .PrjPCB". B nepeBe mnpoekrta
OTKPBIBAEM JOKYMEHT "bubnunoreka NOCaJ0YHBIX mecT".
[[lenkHyTh MpaBOW KHOMKOW MBIIM B paboO4yeM IOJ€ M BBHITIOJHUTH KOMAHJIbI
Omnmuu / Onun 6ubmotekn (puc.15).

| Mewiatras naaTa. PriPch | mecesr |
(@) Fille View ' Structure Editor -EI -'
=i = 8 : MoKck nogoteen obbexTon B} Shitt-F
= 2| Mevanaa AnataPHFch ; Cazaate 3anpoc... Shift -B
=i Sowrce Dacuments -
&l Cxemia SNEETPHUECKER MPHALWFHANEHET ouaeTp i
B Nnara neuaran PebDoc Shap Grid
= Libraries
13 PCB Library Documents Paameierne (B

EriposHate (G

EnfinnoTecs nocegouHen MerPoblib B
=i Schematic Library Documents
L5, Buinuatens snemenran, Schlib

WrcrpysenTw (T}
Buga ()
I:-r:||.';;'.\1|. i

i Komnmposats [
Bcrapeme B

ChaneTisTe

Onywn Enbanareen (B,

O [ Ny GREANTTELN (...
Caow (L.
Mexanndemmng cnoi .

Ynpanacree crexom croes (K-

Hacrpofs (B,
Orobpascene ...

Irer ranem 1.

Puc.5.

Otkpoercss okHo CBoiictBa matel (Ilapamerpsl mmIaTel), B KOTOPOM
HEOOXOJMMO YCTaHOBHUTH: €IWHHUIBI H3MepeHus Metric, mar cetkn lmm.
Yo6upaem ramouky "ABTOpasmep" u 3amaemM mmpuHy W BbicoTy 1500 Mwm, a
no3ututo aucta 0;0. (puc 6).
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EaprHuus wameperna (1) Nozsuma aucra

Eamnmum | ptetric - ¥ Omm

= Y Omm
Momas pasgenuTened

Jdapusa  1500mm
|Dlsplag' Physical Designators vl

Bwcora 1500mm

Mywe wHcTpymenTa paseoaew (E
|1 Nokasats awer

Caa# (L) | Do not use - faia s a i a

| ' [“iseTapazmepi

NapameTpe cemw (5)
[#*| Npuenzea k ceTe | Np1ess, € Toukaw D6 L2ETE
| Mpweasea k AvHeRHBm Wsr cer Lmm -
[#] Mpen3xa & ToseHsn ] Liar Ma Bcex oo
|| Snap To Object Axis  Advanced »» | MpHBRIES & KOHTYRY

| Snap To Arc Centers
) Boapwe wHGOpMaL

| Limk To Vault

Cenei.. Il-laanu-um.. oK |f Crmatema
Puc.6.

CoznaguM mocajioyHoe MECTO AJIs PE3UCTOpa.

Beimmonnum komanay Muctpymentsl / HoBbiit OnmaHk kommoHeHTa. [locie
YEero CO3JIaeTCs JIUCT CEpOoro IBeTa C KIETKAMH, a MO LIEHTPY pacrojaraercs
HEOOJIBIION KPYT - HaYai0 KOOPIMHAT.

Boinonauts komanasl Pazmemnienue / KontakTHas muiomaaka. Y CcTaHOBUTh
3Ty KOHTAKTHYIO IUIOIIQJIKy B HadaJlo KOOpAMHAT. Jlamee IIEeNKHYyTh IO Hel
JNBAKJBI JIEBOM KHONKOW MbIM. llocie 3TOro OTKpoeTcs OKHO HaCTPOMKH
KOHTaKTHBIX IomWaao0K. B noJie Pa3mepsl U dopma
BbIOpaTh "O0masn" 3a1aTh HEOOXOIUMYIO UIMHY M UIMPUHY, BbIOpaTh (opmy
KOHTakTHOW momaaku (HampumepRound). B mone Undopmanus 06 orBepcTun
3amarh auamerp otBepcTusi 0,9 MM (y4UThIBAlTE€ TOJIIIMHY BBIBOJOB BAIIEro
komnoHeHTa). B mosne CpoiicTBa 3aaaTh : O003HaueHue 1, cioit Multi -Layer, nens
-NoNet, Tun-Load, rajouxky meTas.

OcranbHbI€ MO 3aMONHIIOTCA MHAUBUYabHO. Haxumaem Ok. (puc 7).



Top Layer | Bottom Layer

ManoseHne

Nosopot
Wrudopumauns o
I uanseTp

@ Kpyr (B)
Esaap.

Wawmy

Ceowcrea

Top Paste

Bottom Faste Top Solder Bottom Solder  Multi-Layer

Pazmepu v fopma

HacTpoREn TeCToOBRE TO4YEK

HMaroToRneHse

@ Obwas Bepx-BryTp-Hiu: Mo crexy
Famyc
FiEETE! Ll CHpYT Remta
1.6mm 1.6mm -
6 oTBEpCTAK |
1 Smim
|
MEIEHWE DT LEHTDA OTHEpTIHE Qmm Om

YA EHHE NAANBHOW NACTH
0 @ JagaeTon MpaBEMiaMK
Bl ulti-Layer - MHAMBMIYAALHD
| W@ Net -
e MpesbiliEnEE SAWHTHOR a0
| Losad -
; @ JagaETon MpaEUnamMm

e o - T MHAMBAAYANEHD
a
JANpHITS CBEQKY MACHOH
i - LA DT CHILTY RMACOH
Puc.7.

Ternepp MOXHO CKONHMPOBATH CO3JaHHYI0 KOHTAKTHYK IUIOIIAAKY U
pa3MecTuTh €€ B HYyXHOM pacctosinuu. lllar ceTku BbIOMpaeTcsi HaxkaTuem
kiaBumu G. MacmTab aucTa OCyHIECTBISETCS MPOKPYTKOM KOJEca MBIIIUA HpH
Haxxato kiasuiie Ctrl. PacctossHue MexXay KOHT. IJIOIIAJIKAMUA YCTAHABIMBACTCS
WHAWBUIYAJIbHO Ui Kaxaoro komnoHeHTta. Ha pucynke 18 oHo coctaBisier 15

MM.

O0o03HaueHne KOHT. IUIOIIAIOK 1 1 2.



Puc.8.
Teneprs HapucyeMm KOHTYp pesuctopa. /s atoro BeiOpath cioit TopOverlay
(puc.9), BbIMONHUTH KOMaHAbl Pasmemienwe / JluHusS M HapucoBaTh KOHTYP
pe3ucTopa paBHbBIN rabapuTHRIM pazmepam (puc.10)

Jl 1i5] M Toplayer M Bottom Layer B Mechanscail| [ Top Overlay B Bottom Overiay B Top Paste 8 Eottom Past= B Top Soider B Bottom Soic

fystem | Design Compiler | |nstruments | Fopayne o

Puc.9.

Puc.10.

Coxpanutb mocajoyHOE MecTo B OubOmmoTeky. Haxkumaem B mpaBoii
HIDKHEW yacTu 3kpaHa Ha kHonky PCB BeiOupaem PCB Library u B mosiBUBIIIEMCS
OKHE JBaxAbl mienkaeM 1o komnoneHty PCBComponent 1, nHabupaem umsa "I[IM
1u1st pesuctopa’ u coxpansem Haxas OK. (puc.11)

Ay

Mao

i Bu_“ % Beixn |E..-Minuﬂﬁ|
[Nomal = | [V|Buspsts s [V Macumas @

J EOMTHTHEETH S
| | Kowr, naowmag,.. | Npusismene

Hms PCECompanent 1} EwcoTa Qmm PCEBCOMPOMENT 1 |2

MapaseTpe NOALEYHAND MECTE EOMMADHEHTS

Onuianne

| Mpuivimies) eoMnOHERTs
Tan | Mas Pazmep X Pasmep ¥ |Cro@
{Track 0. 254mm TapOverlay
Track 0.254mm TopCverlay
Track 0. 254mm TopOwerlay
:Tnu'l' i, 54 mm Tl resrtay

Puc.11.



[Tocamounbie MecTa Takke€ MOXHO CO3/1aTh M APYruM crocoboM. [[ist aToro
HaknumaeMm MHcTpymenTsl / [IOMOIIHUK cO3MaHNs KOMIIOHEHTOB. B OTKpBIBIIEMCS
okHe Haxath [lanee. V3 mosBUBIIETOCS CricKa BRIOMpAaeM TO, YTO XOTUM CO3/aTh,
HaIrpuMep KoHaeHcaTop (capacitor) u euHuIIbl u3MepeHus (puc.12)

Mogenn KoMnoHeHTa
Page Instructions

BoGepiTe 3 CNMCKa MOSENEA THI KODIMYCA COSAARAEMONT KOMNOHEHTE

Diodes

[ual Irdne Packages (DIF)

Edoge Conneciom

Leadiess Chip Camiers {LCC)

Pin Grid Amrays (PGA)

Cluad Packs (GUAD)

Resistors

Small Outiine Packages (S0F)
Staggered Bal Grid Amays (SBGA)
Staggered Pin Gad Arays (SPGA)
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Puc.12.

Haxumaem [lanee. Temeps mporpamma IpOCUT yKaszaTh CIOCOO MOHTaxa.
ThroughHole - 3To MmonTax B oTBepctue, a SurfaceMount - 3T0 TOBEpXHOCTHBIN
MoHTaX. CHOBa HaxkumaeM Jlanmee u yka3blBaeM JMaMeTp KOHTAKTHOW IUIOLIAJKU
U JuaMeTp oTBepcTHsl. Jlanee yka3plBaeM pacCTOSIHUE MEXAY OTBEPCTUSMH. 3aTeM
IIporpaMmMa CIpAIIABAECT MOJSPHBIM WIM HENOJSPHBIM JaHHBIM KOHAEHCATOD.
Bri6upaem ctunib MoHTaxa. B utore nomyvaercs BoT uto (puc.13).

Puc.13.
AHaJIOTUYHBIM  00pa3oM CO3/1a€M TOCAJ0YHbIE MecTa Ui JAPYIHX

KOMIIOHEHTOB.
OTkpbITh OuOIHOTEKY MOXKHO KoMaHoi PCB / PCB Library.

O0s3aTenbHO coXpaHsieM Bce M3MEHEHHs TpoekTa komanmout File (Daiin) /
SaveAll !

[locamounbie Mecta B  mporpamme  AltiumDesigner  unMmenyroTcs
kak "footprint"  (pyrnpunt). Temepp  mpunIUIO  BpeMs  MPHUKPENUTH
CO3aHHBINQYTIPUHT PE3UCTOpPa K €ro YCIOBHO TpaduieckoMy H300paKEeHUIO.
Jlnst aTOTO B IgpeBe npoekTa oTkpbiBaeM ""bubnnoreka snmemenToB.SchLib" . 3atem



CrpaBa B HIDKHEW 4acTH dKpaHa HaxaTh Ha KHONMKY SCH, menkHyTh IO HEMY U B
KOHTEKCTHOM MeHI0 BeiOpaTh SCH Library. OTkpoercss MeHeKep pa3padoTaHHOM
OMOIMOTEKN PJIEMEHTOB, B KOTOPOM HYXXHO BBIJICIUTH HY)KHBIN 3JIEMEHT (B HaIIeM
ciydyae pe3ucTop) U HaKaTh KHOMKY "no06aButh" (Puc.14).
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Puc.14.
[Tocne 3Toro B MOSIBUBIIEMCS MaJI€HbKOM OKOIIIEYKE BBIOpATH THUIl MOJEIH
"Footprint" u nHaxxate OK. OTkpoercs okHO "Mojenb KOMIIOHEHTa Ha Iuiate", B

kotopoM HaxkumaeM "OO3op" u BbeiOMpaem "IIM mns pesucropa". Haxartsb
OK. Puc.15.
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Puc.15.
Coxpansiem Bce u3MeHenus npoekra komanjoil File (Paitn) / SaveAll.
AHaNIOTHYHBIM 00pa30oM CO3HArOTCS JApyrue KOMIoHeHTHL. [locie aToro
NEPEeXO0IUM K CO3aHUIO MPUHITUITHATEHON CXEMBI.

Co3nanue cxeMbl JJIEKTPUYECKOH MPUHIMITMATbHOM
OtkpeiTh (aiin [leuatnas muata.PrjPCB. TlosButcs MeHemKkep MPOEKTOB.
[IeénkuyTh aBaxkapl o "CxeMa snekTpuueckas npuHiunuaibHas'. Ha pabouem
nosie mosiButcs (opmarka. Hactpoum pemakrop. [Inst storo B pabGoueM mose
HICTKHYTh NPaBOM KHOMKOW MBIIIM M BBIMOJIHUTH KOoMaHael Onmmu / Onuun
nokymeHnTa. I[losBurcs oxno "Onuuu nokymeHTa", B KOTOPOM MOXHO BbIOpAaTh

dopmar nucra, a B 3aknaake "Eg.u3m." yCTaHOBUTh METPUYECKYIO CHUCTEMY
Millimeters.(puc.16).
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PacmimpenHbie HACTPOWKU OTKPBIBAIOTCS, €CIU B pab0OveM I0JI€ MICITKHYTh
IpaBOii KHOIKOM MBIIIHM M BBIMOJIHUTH KOMaHbl Ommuu / HacTpoiiku pemakTopa
cxeM. HacTpoiikn maHHOTO peJaKkTopa HaxomsaTcs B paszzene Schematic.
Haxxatuem knaBumm G yCTaHOBHUTH IIAr CETKU S MM. BbIMOJHUTE KoMaH b1 Daiin
/ CoXpaHUTH BCE.

UtoObl co37aTh CXeMy U3 OHOJIMOTEYHBIX D3JIEMEHTOB, HAJ0 OTKPBITh
Co3/laHHbIe OUOIMOTEKU. J[J 3TOr0 B HUYKHEM 4acTH HKpaHa IICIKHYTh MO KHOTIKE
System. B Beimamaromiem wmeHio BbiOpath bubmmorexku. CrpaBa OTKpoeTcs
MeHepkep bubmmorexku, B koTopoM BbIOpaTh bubnmorexy snemenToB.SchLib.
(puc.17).
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Puc.17.
[Ipumeuanue: Ha puc.17 Oubnnoreka
KOMITOHEHTaMH.

Tenepr W3 3TOrO CHucCKka BBIOMpPAEM HYKHBIA KOMIIOHEHT W JIBaXKIbI
HIEJIKAEM 10 HEMY, IIOCJE€ YEro KOMIIOHEHT CJIEAyeT 3a KypCOpOM MBIIIH.
Pa3zMecTum ero B Hy’>kHO€ MECTO JIUCTA HAXKATUEM JIEBOM KHOMKU MbIiHU (puc.18).
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[Tocne pa3menieHusi Bcex HEOOXOIUMBIX KOMIIOHEHTOB Ha paboueM JIHCTe
CXEMBI IIEPEXOJMM K HX COCOUHEHMIO IpPYr ¢ IpyroM. Pucyem npoBOAHUKH
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koMmaHnoi "Pasmemenne / CoenumHeHue" WM HaKaB Ha KHOMKY (OTMEYEHO
cTpenkoit) (puc.19).
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Co3nanne nme4yaTHOM MJIATHI
Boeimonants OCHOBHBIE HacTpoiku. [lms 3toro otkpeith daiin [lmarta
nevyatHas.PCBdoc. B pabouem mone rpadudeckoro pemakropa mEIKHYTh MPaBOU
KHOIKOW MbIIIH. OTKPOETCS BBINAJAI0IIEE MEHIO, B KOTOPOM BBINOJIHUTH KOMaH/IbI
Onuumu / CpoiictBa maTel (wiu [TapamMeTpsl 11aThI).
OTkpoeTcsi OKHO, B KOTOpOM B 1ojie EnuHuIbl HU3MEpEeHHUs BbIOPATH
METPUYECKYI0 cUcTeMy u3MepeHusi Metric, mar cetku 0,625mm, yCTaHOBUTH BCe

Ha pucyHke 21.
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OK. /[Ins wu3MEHEHHsS CTPYKTYpbl

rnevyaTHoW Iuiatel (110

HEOOXOJMMOCTH) BBITOJHUTH KOMaHIbl Omiuu / YmpaBiaeHHE CTEKOM CIIOEB
(CTpyKTypoO# medaTHoO! 1miaTel). B mosiBUBIIEMCS OKHE MOKHO YIPAaBIISITh CIOSIMH,



YKa3bIBaTh MaTepHasbl U UX TOJIIMHY, HO 3TH HACTPOWKHU HY>KHBI JIMIIb B CITydae
OTHpPaBKH IUIaThl HA IPOU3BOJACTBO.

Tenepb Mbl MOKEM CEJIATh UMIIOPT Pa3pabOTAHHOMN AJIEKTPUUYECKON CXEMBI
B pemaktop. Jns 3TOro  Hy)XHO  BBIMOJHUTH  KoMmaHabl  IIpoekt /
ImportChangesFrom Ileuatnas mmarta.PrjPcb. Ilocie 3Toro oTKpbhIBaeTcsi OKHO
[Iepeuens n3menenuil. B HeM HaxkaTh KHOTIKY [IpoBepuTh, a MOTOM BBINOJIHUTE.
Ecnu Het ommboK, To B pazzaene CtaTyc NOSBISIOTCS 3€EHbIE TAI0OUKHU (pHc. 22).
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Puc.22.
Haxxatp xHOTKY 3akpbiTh. PHCYHOK CXEMBbI TOSIBUTCS CIpaBa CHH3Y OT
MEeYaTHOM IJIaThI (B pO30BOM Toiie). (puc. 23)
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Puc.23.
VYnansiem po30oBoe ToJie, a TTOTOM BBIJICJIMB BCE KOMIIOHEHTHI TIepeMeriacm
WX B YepHYIO 00J1acTh. (puc. 24)
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Puc.24.

KomrioHeHTsl pacnosiararorcsi B MpOM3BOJIBHOM IOPSIJIKE, HO IpOrpamma
"moMHUT" Bce menu (Oeiable TOHKUE COCAMHEHHWs), HApHCOBAaHHBIE paHee B
MPUHIMIIHAIBLHON cxeme. Tenepp mepeMeniaeM KOMIIOHEHTBI YIEpPKUBAs JIEBYIO
KJapuiry MbIiu. [To HeoOXoauMOCTH BpalaeM uX ¢ MOMOIIbIO KJIABHUIIM MPOOeE.
KOMITIOHEHThI HYHO KOMIIOHOBAaTh MNPHUAECPKUBASICH OCHOBHBIX PEKOMEHIAIIMI:

1 - cample "cBsi3aHHBIE" KOMIIOHEHTBI pa3MeliaeM 10 LeHTPY (OOBIYHO
MUKPOCXEMBI)
2 - KOMIIOHEHTBI, KOTOpbIE pPACCEMBAOT MHOIO TEIUIa, PAacCIoJaratoT Ha

PacCTOSIHUM APYT OT ApPYyra.



3 - IeYaTHbIC IMPOBOJHHUKHN HC OOJIKHBI OBITh CJIHUIITKOM JJTMHHBIMHA (I[J'IH
9TOTI'0 PA3yMHO pacrojiaracM KOMIIOHCHTHI Ha l'IJ'IaTG).

1. WnaTepakTuBHas TpacCUpOBKa. TpacCUpPOBKY MPOBOJHUKOB MOKHO
MPOU3BOJINTh BPYYHYIO C IOMOIIBI KOMaHIbl Pasmenienue / MHTepakThBHAS
TpaccupoBka. [locne 3Tol KOMaHIBl Kypcop MpeBpaIiacTcsi B KPECTUK, KOTOPHIM
HaOKMMaeM 10 Jo0OW KOHTAKTHOM Tulomiajake. IIporpamMma MOJACBETHT Te
KOHTAKTHbBIE IUIOMIAJAKA, C KOTOPHIMHU BBIJICJICHHBIH OOBEKT HMEET CBSI3b. 3a
KypCOpPOM TMOCHEAYeT JIMHUSI-TpAacca, KOTOPYIO TOABEIEM K IOJCBEUCHHOM
KOHTAaKTHOM IUTIOIIAJIKE.

2. ABromaTruueckas TpaccupoBka. Jig TOro, 4troObl NPOU3BECTU
aBTOMATHUYECKYI0 TPACCUPOBKY, BBIIIOJTHUM KoMmaHmy ABTOTpaccupoBka / Bce.
(puc. 25).
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Puc.25.
[TosiBuTCcst 0kHO CTpaTeruu TpacCUpoBKHU (puc.26).
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Puc.26.

Bribepem  crtpaternto  DefaultMultiLayerBoard, 3atem  Haxkumaem
"HanpaBnenue Ha cioe" W B TMOSBUBIIEMCS OJHOMMEHHOM OKOIICYKE JEIaeM
HACTPOMKH Kak Ha puc.26. OOparutre BHUMaHueE, 4yTo /i ciosi TopLayer BbIOpaHO
coctostnue "NotUsed" (ne wucnonwsyercs). Haxumaem OK wu  RouteAll
[TosiBuBLICECS OKHO Messages 3akpbiTh. CHavana s pacCTaBUJI KOMIIOHEHTBI U BOT
YTO MOJYYHJIOCH TTOCJIE aBTOTPACCHUPOBKU (puc.27).

Puc.27.
[IpoBOIHUKH 110 YMOIYAHHUIO CIIUIIIKOM TOHKHE. JIJIs1 TOro, 4TOOBI U3MEHUTD
HIMPUHY TPOBOJHUKA, BBIICIUM €ro M IICJIKHEM MpPaBOil KHOMKOW MbIIIA H



BbIOepeM "cBoiicTBa". Otkpoercss oxHO "Jlopoxkka', B KOTOPOM yKa3aTb

HeoOxonumyto mupuHy U Haxate OK. B moem cinywae mmpuna paBHa 0,5 M.
(puc.28).

Puc.28.

UtoOb1 00pe3aTh miaty nepexoaum Ha ciioit Mechanical 1 B HbkHEH dacTu
skpaHa. Komanpoit Pasmemenue / JluHMsS  pucyeM  KOHTYp  ILJIaThl
(OpsIMOYTOJIBHUK) BOKPYT HAIIUX 3JIEMEHTOB (KOHTYp MO YMOJIYaHUIO OyJer
pPO30BOr0 1[BETA). 3aT€M BBIICJIUM MBIIIKOW BCE KOMIOHEHTHI (KOHTYp TOXE) U
HaxkuMaeM koMOumHanmro kiasuin Shift+S. He cHuMas BbIneeHUIl BBINOJIHUM
koMmaHabl [Ipoekt / ®opma miuatel / 3anath MO BbAEIEHHBIM 00bekTaM. [locne
Yero IJiata OOpekeTcsi, HO BCE AJEMEHTHI OYJyT CEporo IBeTa, MO3TOMY CHOBA
HaxuMaeM KoMOuHaiuio kjiaaBuin Shift+S u menkaem no xkHomke Clear (CHATH
MAacKy) B HM)KHEM IPABOM YTy 3kpana (puc.29).
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Puc.29.
Coxpansiem nipoekt Daiin/CoxpaHuTh BCE.
Co3aaHHyl0 MIaTy MOXHO MOCMOTPETh B TPEXMEPHOM BHUJE C MOMOIIBIO
koMaHael  MucTpymentsl / MHCTpymMeHTHI Tponuiblx Bepcuii  / [IpocMoTp
TPEXMEPHOTO BUA.

Sabapt | Cazaye DAvple Immrmmibe ST Tazescs canmag | sGep CizanTin

1. ObOPYAOBAHUE
[lepconanbublit KomnbioTep ¢ yctaHoBieHHOM CAIIP Altium Designer.

IV.3AJAHUE HA PABOTY
[Tepenecute BbTaHHYIO ipenogaBatenem cxemy B CAIIP Altium Designer u
pazpaboraiiTe MevyaTHyIo iaTy ycTpoiBa.

VI. YKA3AHHIA [TO OOOPMIJIEHUIO OTUETA
OTyer J[OJKEH COAEpXKaTh KpaTKOE OINHUCAHUE IMOCIEAOBATEIBbHOCTH
BBITIOJTHEHHBIX TMPU TMPOEKTUPOBAHUU JEHCTBUH M HM300pa)keHHWE CO3IaHHOM
MEYATHOW TIJIAThI U JIEKTPUUECKON TPUHIUMUAIIBHON CXEMBI.

VII. KOHTPOJIBHBIE BOITPOCHI
1. [lepuuucnure ocHoBHbIe Bo3MokHOCTU CAIIP Altium Designer.
2. Kakue tumnsl TpaccupoBok nojaepxusaeT Altium Designer

VIII. CIIUCOK JIMTEPATYPHI
1. Jlonatkun A.B. IIpoexktupoBanue nedaTHsix miat B Altium Designer. —
M.: IIMK TIlpecc, 2015. — 400 c.



2. Cyxomonbckuit B.}O. Altium Designer. CkBo3HOE MNpPOEKTUPOBAHHE
dbyHkImoHanbHbIX y3710B POC Ha medaTHbIX miatax. YueOHoe nmocodue. — CIIO.:
BXB-IletepOypr, 2015. — 560 c.

3. OO6yuaronui KypcC o Altium Designer. (URL:
http://cxem.net/comp/comp150.php)



JIABOPATOPHAS PABOTA Neo3
Co3nanne 00bEMHBIX 00bEKTOB ¢ MTOMOLILI0 3D-puHTEpa

I. HEJIb 1 3BAJAYU PABOTHI
[TonyueHnue nepBUYHBIX HaBBIKOB paboThl ¢ 3D-npunTepom Picaso Designer
PRO 250.

II. TEOPETUYECKUE CBEJJEHM A

[Ipunteper PICASO 3D co3paioT TBepAble TpeXMEpHbIE OOBEKTHI U3
pacIUIaBIICeHHOM HUTH TEPMOIUIACTUKA METOAOM mocioiHoro Hanoxxeuus [FFF -
Fused Filament Fabrication].

PacnniaBneHHas IIaCTUKOBAask HUTh YEPE3 ME€YATAOLIYI0 TOJIOBKY MOAAETCS
Ha MIaTgopMy, e MOCIONHBIM HAIIaBICHUEM CO3JAaeTCA Teo MOoJAeNH. Takum
obpazoM, 3D mnpuHTEp OTIMYHO MOAXOIUT JUIsl MPOTOTUIUPOBAHMS U CO3JAHUS
Pa3IMYHBIX MOJEIJIEN HAa IPOU3BOJCTBE.

3KCTPYQEP

NJIATOOPMA

Puc. 1. Ilpunuun neiicteus 3D-npuntepa FFF.

I'maBHo#t ocobennocTrio Designer PRO 250 siBisieTcss BO3MOXKHOCTh TeUaTu
JBYMsI MaTepuaiamMu, a TakXe NMpUMEHEHHEe HOBeWIier TtexHosnoruu — JetSwitch.
Designer PRO 250 mo3BoJiIET 3HAYUTEIBHO PACIIUPUTH T'PAHUIBI MPUMEHEHUS
nepcoHanbHbIX 3D npuHTEPOB. boblIe HET HUKAKUX OTPAHUYEHHI IO CIOKHOCTH
Y T€OMETPUH T1eyaTu!



i

A" PRO750

Puc.2. JIuueBas cropoHa ]iesigner PRO 250.

1 — Kppiilika npuHTEepa — MO3BOJISIET COXPAHSTh MOCTOSTHHYIO TeMIIEpaTypy
MeYaTy BHYTPHU MPUHTEPA U 3aKPHIBAET BHYTPEHHUE DJIIEMEHTHI.

2 — UndopmanmonHslii quctuiel — npeaoctasisieT nHpopManuio o Designer
PRO 250 u cocrosiHnM nevar.

3 — JDKOWCTHK yOpaBlI€HUS — HWHCTPYMEHT YHOPABJICHUS MPUHTEPOM,
JOCTYIHbIE GYHKIHUU OTOOpakaroTcsi Ha MH(GOPMAIMOHHOM JUCIUIEE.

4 — Cnot ansg kaptel microSD — yctaHoBuB microSD kapty, Bel cmoxkere
nevyaTtath 3D 00beKThl 0€3 MOAKITIOUEHUST KOMITbIOTEPA.

5 — Pazbem nnsa nmoakmmroueHus kabens USB — chnyXuT i1 MOAKITIOUCHUS
ycrporcrtna K [1K.



6 — Knonka «Reset» — mo3BoJi€T BBINOJHUTH MEPE3arpy3Ky yCTPOMCTBa

Puc. 3. Buyrpennue snementsl Designer PRO 250.

10 — ITevararomias roJoOBKa.

11, 12 — Cormna.

13, 14 — CucTrema OYHUCTKH COIICI.

15, 16 — TpyOku momauu mJacTHKa — HAIMpPaBISIIOT HUTHh IUIACTHKA C
KaTYIIKY K IeYaTarollel rojIoBKe.

17, 18 — [epkarenu sl KaTyIIKU — CIY»KaT Uil KPEIJICHHUS KaTYyIIKU C
IJTACTUKOM.

19 — IlogorpeBaemas maaTdopma s IeyaTy.

II1. OBOPYIOBAHUE
[lepconanbublit komnbioTep U 3D-mpuntep Picaso Designer PRO 250.



IV. 3BAJIAHUE HA PABOTY
[ToAroTOBUTH K NIeYaTH paHee pazpabOTaHHYIO TPEXMEPHYIO MOJIENb JIETaIu
U U3TOTOBUTH €€ ¢ nmomoiibio 3D-npunTepa.

VI. YKA3ZAHUMA 110 OOOPMIJIEHNIO OTUYETA
OT4er [OKEH COAEp’KaTh KpPATKOE OIMCAaHUE IOCJIEN0BATEIbHOCTH
BBIIIOJIHEHHBIX IEUCTBUM U U3TOTOBJICHHYIO IE€TAIb.

VII. KOHTPOJIBHBIE BOITPOCHI
Onwumure npuHuun padotsl 3D-npunrtepa?

VIII. CIIUCOK JIMTEPATYPHI
WucTtpykuusa no skcmnyaranuu 3D-npuntepa Picaso Designer PRO 250.



JIABOPATOPHA S PABOTA Ne4
«ITonyuenue 3D-Mozeneit 00beKTOB ¢ TOMOIIBI0 3D-ckanepa

HEJIb U 3AJTAYU PABOTbBI
[enbto paboTHI sABIIsAETCS MepBOE 3HAKOMCTBO ¢ 3D ckanepoM Rangevision.
[lonp30BaTens MOMKEH HAYYMTHCS 3aAIlyCKATh MAKET, U3YYUTh IOJIb30BATEIIbCKAN
uHTep(delic makera, 03HAKOMUTHCS C CUCTEMHBIM MEHIO, MTaHEISIMU HHCTPYMEHTOB.
ITPUBOPBI U OBOPYIOBAHHUE
[lepconanbHBIN KOMITBIOTEP C YCTAHOBIEHHBIMU MporpaMmamMu Rangevision

ScanCenter u IDS Camera Manager.

HOPAAOK BBIITOJIHEHUSA PABOTDI

1. Ilepsorii 3amyck ScanCenter

Bxitounte mpoeKTop M MOIKIIOYHTE CKaHep K KoMmmbioTepy. [IpoBepbTe B
IDS Camera Manager MOIKIIOUYEHHE W JIOCTYITHOCTh KaMmep.  3aIyCTHTE
nporpammy Rangevision ScanCenter.

[Mocne 3amycka mporpaMMel Bel yBuanTe n300pakeHne ¢ Kamep B TJIaBHOM

OKHC IIPUJIIOKCHH:, a IIPOCKTOP HAYHCT NPOCTHUPOBATH KPCCT.

NpumeyaHue
ECnM KaMEepsl HE YCTaHOBAEHbI MK HE NOAKAKMEHL], HE MECTE CHUMHKOB By 48T HYepHLIR MK
CepbIf 3KpaH.
Heobxoaumo TaHME NPOBEPUTE, HE MCMONL3YKIT AW Nporpammel Tuna 100, Skype, Sippoint

WK I'ID,D,C}GHI::EE WM OOHY W3 KaMep B HavyecTee EIEﬁ-Kah‘lEDbL,

2. HavaabHas HACTpPoiika KaMep U 00beKTHBOB

BHumaHue!

MpoBepsTe, 4TO NPABAA HAMEDS COOTBETCTEYET NPaBoMy CHUMRY, 3 NeBaA — nesomy. Mpaeas
HaMepa = T3, KOTOPaA HAXOOWMTCA MO NPaBYHK PyHY, ECAM CTORTE C330M CHAHEDA NWLOM H
0BBEKTY CHAHMPOBEHMA,

ECnM KEMepsl NEDENYTEHbI, M3MEHWTE COCTOAHWE NAPIMETPE MNoMEHAM b KOMEDLI MECTOMU
Ha swnagke Komepw B avanore Hocmpolxa obopydosaruR (Hocmpolxo— Hocmpoldwxa
obopydosarus).

[Ipu mepBoit HacTpolike ckaHepa M300paKEHUE ¢ KaMep MOXKET ObITh HE B

dokyce: CIMIIKOM SPKUM WU TeMHbIM. OTperynupyiite 0ObeKTUBBI KaMep Tak,



qTOOBl Ha WH300paXEHUM KaMep ObUIO BUAHO KaTMOpPOBOYHOE IIOJE Iepen

CKaHEPOM.

PCFYJ'H/IPOBKa 00BEKTHBA OCYIICCTBIIACTCA CIACAYIOIIUMH 3JICMCHTAMUA

1. Kosb1o HACTpOWKHU PE3KOCTH

2. Konb1io HacTpoiiku guadparmbl
3. OuKCUPYIOLIUN BUHT PE3KOCTH

4. Oukcupyroumui BUHT 1uadparmbl

He BbIkpyuuBaiTe MOJHOCTHIO (DPUKCHPYIOIIME BUHTHI KOJIEL[ HACTPONKHU
00BEKTHBA, UX JOCTATOYHO Ocjaadbuth. [locie okoHYaHMs PEryJIupoBKU OOBEKTHBA
3aUKCUPYUTE KOJIbIIA HACTPOMKN BUHTAMH.

3. Haxo:xxnenue pado4ero paccTostHus

Jlns  HaxoxaeHuss pabodero paccTosiHUsA (pacCTOsHHE JO OO0BEKTa)

MIOMECTHUTE KaTUOPOBOYHOE TIOJIE TIePe] OJTHON 13 KaMep (CM. cXeMy).

KanwBposouxoe none
=

\. . .
id g

neeas npaeas
Kamepa KaMepa

npoeKTop



Kamepa npomkHa OBITh yCTaHOBJEHa  MapajliebHO Jy4dy MPOEKTOpa.
Bxmrounte pexxum mnpoktopa benwiti céem. Ilpum HEoOXOAMMOCTH, peryaupys
pe3KocTh U auadparmMy oOBEKTHUBA, HACTPOUTE M300pakeHre, YTOObI OBLIIO BUIHO
KanuOpoBouyHoe mose. JIBurast moje Onvke Wiau Aajbllie OT KaMepbl, COBMECTHTE
KpailHhe METKH KaJMOPOBOYHOTO MOJISi C CUHEW CEeTKOW Ha BHUJE C KaMephl, Kak
MOKa3aHO Ha pUCyHKe HUke. CHHHUE BEepTUKAIbHbIC JIMHUM Pa3METKU Ha BUJIE C

KaMCpbl NIOJKHBI COBIIA/IaTh C MCTKAMU HA KEIJ'H/I6pOB0‘-IHOM I10JIC.

Mpumedyadume

Onr nposepku HalnedHoro pacctoAasua D oywecteyet dopmyna L=0/3, roe D - pacctoaxme
oo nonR, 8 L= paccToAHMe mMemay ofSseHTMBEaMM Hamep. 3HYeHWE 3aMEpEHHOTD
PACCTORHMA HE OONMHO CUNBHO DACXOAMTBECA CO IHAYEHMEN, PACCUMTaHHEIM No dopmyne,
Ecnv eCTe CHMABHOE PaCXOMOEHWME, NPOBEPLTE MNPaBMALHOCTE NOAOMEHWA KAMEp W
tboKyCHOE paccToAHKME O0REHTHBOE.

0 gl

4. Hacrpoiika poxyca npoexropa

Jiis HOKyCHpOBKHM IMPOEKTOpa YCTAHOBHUTE KaTUOPOBOUHOE IIOJIE MEpen

CKaHEepOM Ha HaiijienHoe pacctosiuue D.

BxmtounB pexum moacBera "llomockt u nmHMEM", HacTpouTe (OKYC
IPOEKTOPA, YTOOBI JINHUH HAa KaJTHOPOBOUYHOM I10JIe ObUIM MaKCUMalbHO yeTkue. C
IOMOIIBI0  KOJIbIIa MacumTabupoBaHus (Zoom) yCTaHOBHTE MHUHUMAIBHO
BO3MOXKHYIO 00JIaCTh MOJICBETA MPOEKTOpA TAKUM 00pa3oM, YTOOBI BCE MOJIe OBLIO

OCBCILICHO C HEOOJIBIITIM 3aI1aCOM I10 BEICOTE.

Mpumeyanue

Ha npoextopax Acer MMHWMManbHas obnacTe noaceeta (KOAbLO macwTabupoBaHus B
KpaliHem NooXeHUW) NO3BONAET HAacTPOUTL GOoKyC Ana Ntoboro KanMbpoBOYHOro NOAA.
1A ApyrMx NMPOEeKTOpPOB B 3aBMCMMOCTM OT 30Hbl CKAHMPOBAHMUA C MOMOLLBK KOMbLa
macluTabupoBaHua Hy»HO noabupats Takyw obnactb NOACBETa, NMpWM KOTOPOM BCe none
byaer ocselleHo, UK UCNONb30BaTb cneuuanbHble TUH3bI,

D g

5. Ceenenmne kamep



Jlnis paboThl ckaHepa ero KaMephbl TOJKHBI ObITh CBEJICHBI B OJJHY TOUYKY Ha
3aJJaHHOM paboyeM pacCTOSHUU. YCTAaHOBUTE KaJIMOPOBOYHOE TIOJNE TMepen
CKaHepOM Ha HaileHHoe pacctosHue D (ecnu MEHsUIM ero MOJIOKEHUU Tociie

(bOKyCHpPOBKHU TPOEKTOPA).

NMpumevanue
Ecnu mzobpameHne c Kamep o4eHb TEMHOE MM NEPECBEYEHHOE, OTREryNIupyrTe auadparmy
. |v peskocTb Ha obbeKkTMBE,

YcTaHoBuTe Kamepbl B TOJIOKEHHE, COOTBETCTBYIOIIEE BHIOPAHHOW 30HE
ckaHupoBaHug. HeoOXoaumMo COBMECTUTHh Y€pHbIE PUCKM Ha MEpEeAHEeN uacTu
ckaHepa, o0o3HaueHHble 1,2,3,4, ¢ BHyTpEHHUM KpaeM YCTaHOBOYHOM IIACTHHBI
KaMmepsl. J{71s1 3Toro ocnabbTe BUHTHI KPETUICHUS U TTEPEBUHBTE KaMEPHI B HY)KHOE

nonoxenue. Ilonoxenue 4 s kamep obOmiee. Ha kapTuHKe HUXKE Kamepbl

YCTAHOBJICHBI B ITOJIOKCHUUN JISI 30HBI CKAHUPOBAHUA Ne2.

r—

[ToBopaunBasi KaMepbl BOKPYI CBOEH OCH, COBMECTUTE GEPMUKATLHYIO
JVHHIO KPECTa U LIEHTPAIBHYIO CUHIOI0 6EPIMUKAIbHYIO INHUIO HA BUJIE C KaXKIOU

U3 Kamep, Kak MOKa3aHO Ha PUCYHKE HUXKE.




PerynupoBka 1oNIOKEHHsT KamMep B TOPHU3OHTAIBHOM  IIOCKOCTH
OCYLIECTBISAETCS C IIOMOILBI0 U3MEHEHUS MTOJIOKEHUS IepeaHeil pamMku. s 3Toro
0cl1adbTe PETyJMPOBOYHBIE BUHTHI U, MU3MEHSS IOJOKEHHE PAMKH, COBMECTHUTE
CPEOHIO 20pU3OHMANLHYIO CUHIOIO JIUHUIO HAa BUJAE C KaMep C 20pU30HMANbHOU

JIMHUEUN TTPOCLIUMPYEMOTO KpeCTa.

3aTsHuTe (UKCHPYIOLUIUME PEryJIUpPOBOYHBIE BUHTHI TOCJE BBICTABICHHUS

IMOJIOKCHHA KaMEp.

Npumevarune

EcnM Kamepbl OMylIeHbl CAWWIKOM HM3KO, CHa4yana OTpPeryNMpylTe ropu3oHTanbHOE
NOMOMEHWE, @ 3aTEM CBEIUTE KaMepPb! N0 BEPTUKANM.

Hebonblwoe OTHAOHEHWE MEeWOy NPaBoW W JIEBOW KaMepamW MO BbICOTE He BAMWAET Ha
Ka4yecTBO CKAHUMPOBaHuA, BoifepuTe cpeHEE NMONOKEHUE.

6. IIpoBepka cBegeHHs1 KaMep B TOPU30HTAJLHOM IJIOCKOCTH

JUi mpaBUIbHON pabOThl CKaHEpa JIyd MPOEKTOPA U ONTHYECKHE OCU KaMep
JOJKHBI JIEKATh B OJJTHOM TNIOCKOCTU. DTO JOCTUTAETCS PETYIUPOBKON MOJIOKEHHE
KaMep OTHOCHUTEJIbHO MPOEKTOpa ellle npu coopke ckanepa. Ilpu TpaHcnopTupoBke
WIH JIPyTOM MEXaHUYECKOM BO3JICHCTBUU IIOJIOKEHUE MOXKET COUTBCS, YTO
IIPUBEIET B HEKOTOPBIX Ciy4dasX K YXYAUIEHUIO KadeCcTBA CKaHUPOBAHUS.
[IpaBuIBHOCTE HACTPOMKH JIETKO NPOBEPUTH, HANPABUB NpoenupyeMbid Kpecm
1ocJjie CBEJEHUS KaMep Ha yJaleHHbI 0oObeKT. ['Opu3oHTanbHas JIMHMS KpecTa

JIOJKHA COBNAJaTh C TOPU3OHTAIIBHOM JIMHUEW CUHEW pa3METKU Ha BUJE C KaMep.



Ecnu mpoemupyemass JHMHUS W JIMHUS Pa3METKH HMMEIOT OOJbIIOE
pacxokJIeHUE MPU Pa3HBIX PACCTOSHHUSIX JO 00BEKTa, OTPErYIHPYUTE MOIOKEHHE
IIPOEKTOpPa OTHOCUTENBHO Kamep. JJisi 3Toro ocinabbTe KperuieHHe KopIyca Ha
HIDKHEW 4acTH CKaHepa U MoAOepHUTe TaKoe MOJIOKEHHE, IPU KOTOPOM MpOBEpKa

OyJeT yClemHo NpoBe/IeHa.

7. DduHAJIbHAs HACTPOIKAa Kamep
ITocne BbICTaBIICHHUS ITOJIOKEHUS KAMEP COBMECTUTE IPOCLIUPYEMBIN KPECT C

HEHTPaJIbHON METKOW Ha KaIMOPOBOYHOM MOJIE.




Mpumeyanue

O6paTHTe BHWMaHWe, NpW NPaBMAbHOM PACMONOKEHMM MONA Ha paccToaHuu D
BEpPTUKANLHAA IMHKMA KpecTa ByAeT coBNafaTh C LEHTPaAbHON BEPTHUKA/IBHON CUHEW TMHUEH
pa3mMeTKM Ha BUAE C Kamep. B npoTuBHOM ciydae ByaeT 3aMeTHD OTKNOHEHUE B TY MW MHYIO
CTOPOHY.

J1j1s TOro 4T0OBI HACTPOUTH PE3KOCTh 0OBEKTHUBA, HYKHO:
O BKJIIOUWTE PEXKUM NpoekTopa "HepHbli cBeT";
O YCTaHOBHTE MOJI3YHKOM B IMaHEIN WHCTPYMEHTOB MHUHUMAaJIbHOE 3HAUCHHE
3JICKTPOHHOM AKCO3UIINK (3HaYeHue 1);
O MaKCHUMAaJlbHO OTKpoWTe Auadparmy OOBEKTHBOB, YTOOBI HM300paKeHUE C
KaMmep ObLIO MAaKCUMAJIBHO SIPKUM U HE TIEPECBEUCHHBIM;
O HaCTpoWTe OOBEKTUBBI KaMep Ha PEe3KOCTh. DTO yAOOHO JesaTh, YBEIUYUB

n3oopakenue, 1yist 3roro Haxmure JIKM mo obactu npocmortpa.

[Tocne HaAcCTpOMKH pE3KOCTH OTperyiaupyite auadpparMmy OOBEKTHUBOB.
Bxmtounte pexum "JIMHMM W NOJOCHI", YCTAaHOBUTE 3HAYEHUE SJIEKTPOHHOU
skcno3ulimu B auanazoHe or 30 go 60 (MeHblIee 3HAYEHHE, €CIM OOBEKT
CKaHMPOBAHUS TEMHBIN 1 OOJIbIIEe, €CIM CBETIbIN). [lo yMOT9aHuiO yCTaHOBICHO

3HaueHue 45.




HOI[CBG‘-IGHHBIG KpaCHbIM 0o01acTy O3HAYaIoT MEPECBCUYCHHBLIC Y4YaCTKU CO

CJIMIIIKOM SIPKUM H300pa’keHUEM.
Hacrtpoiite nuadgparmy oOBEKTUBOB TaK, YTOOBI JUHUU HA KaJTUOPOBOUYHOM
nojie ObLTM MakKCHUMaJbHO SIpKME, HO 0€3 3HAYMTENbHOTO MepecBeTa. SpkocThb

M300pakeHui ¢ KaMep J0JKHA ObITh OJIMHaKOBa!

Mpume4arune

Ona Toro, ytobbl yaobHee BLICTABWTL OOMHAKOBOE 3HIUYEHWME SHCMO3MUMM Ha obeux
Kamepax, MOMHO OCTaBuTe Hebonblyr NepecBedeHAyro (KpacHyto) obnacts. O AMHaKOBbIA
“pucyHok” nepecBeyeHHoW obnactu Ha ofeux Kamepax MO3BOAMT TOYHEE HACTPOMTHL
nuadparmy 0B bEKTMBOB.

BHumaHue!

Ecnu nepecBeT He MCYE3aeT JaMe NP MakcMManbHO 3aKphiTod avadparme, yMEHbLIWTE
3HAYEHWE INEKTPOHHOM IKCNIO3M LMK,

MpoBepbTE HACTPOIKK NPOSKTOPa, BOSMOMHO OH CBETUT CAMILIKOM ApKo!

YMEHBILMTE YPOBEHL BHELIHETO OCBEILLEHNA,

Eciu Hactpoilka mnpoucxoauT Ha 4 30HY CKAHUPOBAHMS, MOXKET
noTpebOBaThCSl YMEHBIICHNUE SPKOCTH JIMHUN U TOJIOC U3-3a OJM3KOT0 PacCTOSHUS
no obbekta. B myHkre MeHwo Hacmpoiika sApxocmu YMEHBIIUTE 3HAYCHUS
SAPKOCTH, KaK Ha PUCYHKE. 3HaUEHHUE SIPKOCTHU JIMHUHN MPUMEPHO B 2 pasza OoJiblIe
3HAUEHHUsI SPKOCTU IoJIoC. Bu3yalbHO JIMHUM UM TOJOCHI JIOJKHBI  OBITH

O,Z[HHaKOBOﬁ SPKOCTH.

APKOCTE AMHMA

AptocTe nonoc

90

ApKocTE CBETE MEPKEPIE
151



BHumaHKe!

Mocne OKOHYAHWA HAaCTPOMKW aKKYPaTHO 3adMKCUPYMTE KOMbLA PE3KOCTM W auadparmel
BMHTamMM Ha o6 LeKTMBax Kamep, YTobbl He cBUTE MX MoNoKeHKe.

[Tocne BBIMOJIHEHUS BCEX JNEUCTBUN IO HACTPOWKE CKaHEpa JOJDKHBI OBITh
BBITIOJIHEHBI YCJIOBUS:
] Kamepsl CBEICHBI B OHY TOUKY, HAXOSIIYIOCS HAa paccTossHUU D OT ckaHepa;
(] Ha 9TO Ke paccTosiHue C(QOKYyCUpOBaHbI KaMepbl M MPOCHHUPYEMOE
N300paKEHHE C TTPOCKTOPA;
] mpu CcTaHAAPTHOM 3HAYEHUW OJEKTpoHHOW Hkcrmozuiuu (30 —  60)
n300pakeHue ¢ KaMep He MePEeCBEYCHHOE U HE CIIMIIIKOM TEMHOE;
] BCE peryJIupOBOYHBIC U 3a)KUMHBIE BUHTBI 3aTSHYTHI.

8. Macrep HaCTpOIiKHU CKaHepa

3anyctute mnporpammy  RangeVision ScanCenter.  Haxkmurte neBoi
KHOIIKOW MBI HA Macmep HACMpOUKU, BbIOEpUTE 30HY CKAaHUPOBAHUS, Ha
KOTOpyto BaM HE0OX0uMO HACTPOUTH CKaHEP, U, CIAEAYs €ro MoACKa3KaM B MEHIO
MPOrpaMMbl MOYKHO BBINOJIHUTh, OINWCAaHHBIC BBIIE JEUCTBUS IO HACTPOMKE

CKaHepa.

Hacrpoiika

| SEE S R -0 =
Macrep || Moanas OpuenTH- KanwBpoBka Kanuopogss Hacrpoiika
HACTPONKK

KENMEPOEKA POE3HME crona npoektops || koHdurypaume |

.J BEom
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Macrep HacTpoiiu cranepa -

Macrep nomoer Ban HacTponTs 3D oxarep RangsVison,
Mepes HaCTPOF0Il 03HAKoMLTEMs C PYKOSOACTEON NONLI0SATENR,

BrifepiiTe 3oHY 1poSaHa, LN CXAIPOBAHIE
Bawero ofvexTa.
OfipaTure B TH OT " Talp CKaHepa

MONCET OTNHYATLCA.

Jﬁ-ml
®1 Oz (@} ] O4

| Noentsm e war Crennouw war Braxon



JIABOPATOPHA PABOTA Ne5
H3rorosiieHne MeYaTHbIX IVIAT AJIS1 NIPOTOTHIIMPOBAHUS 3JIEKTPOHHBIX
YCTPOMCTB

[. IEJIb U 3AJAYU PABOTDI

3HAaKOMCTBO C TEXHOJIOTMEW HW3TOTOBJICHHS MEYATHBIX IJIAT MPOTOTHUIIOB
AJIEKTPOHHBIX YCTPOUCTB B JIAOOPATOPHBIX YCIOBUSAX ¢ Tomoibio cuctembl LPKF
Protomat D104.

II. TEOPETUYECKUE CBEJJEHM A

Cucrema ProtoMat D104 npenHazHayeHa a1 KOHCTPYMPOBAHHUS M€YATHBIX
miat. B gomonHeHWEe K CBEpAWIBHBIM W (PPE3EepPOBOYHBIM HHCTPYMEHTAM, B
CHUCTEME IPUMEHEH BBICOKOTOYHBIA YD J1a3ep, KOTOPBIN UCIOIB3YyeTCs B cdepax,
peaycMaTpuBaIIUX 00pabOTKYy OYE€Hb TOHKHUX MaTepHalloB, 0€3 BO3MOXKHOCTU
UCIIOJIB30BaHUs MEXAaHMYECKMX HMHCTPYMEHTOB. Hapsay ¢ apyrumu, K HuUM
OTHOCUTCS U3TOTOBJIEHHE BHICOKOTOUHBIX CXEM (HAIpUMEP, CXEM PA3BETBIICHUS 110
BBIXO/Ty, KOPITYCOB THUIIa «MAaCCUB IIAPUKOBY).

Cucrema TaKxe MOXKET IPUMEHSTHCA B CIASAYIOMUX 00JIaCTAX:

- TPACCUPOBKA TMOKUX U THOKO-)KECTKUX MEYATHBIX IJ1aT

- 00paboTka kepaMuuecKux MarepuanoB u JeHTol Green Tape

- M3TOTOBJICHHE MPOBOJHUKOB C T'€OMETPUYECKU TOUYHBIMU pa3MepaMu IS
PY-cxem

- U3TOTOBJICHUE MEPEIHUX MTAHEJIEN U BBINOJHEHUE TPABUPOBKON HAJIIUCEN

- W3TOTOBJICHUE TpadapeToB MOBEPXHOCTHOTO MOHTAXXKa MJIsi HAHECCHUS
IIPUITOMHOM NACThI

Cucrema TOCTaBISIETCSI BMECTE C yIOOHBIM JJIS TIOJIB30BATEINSI CHCTEMHBIM
nporpammMubiM  obecrieuenuem  CircuitPro PM, koTopoe aBTOMaTuyecku
onpeenseT, Korjaa HeoOX0oAuMO 337eiCTBOBATh BBICOKOTOYHBIN Jia3ep, a Korjaa
Oonee OBICTPOACHCTBYIOIIME MEXaHWYECKHE HWHCTPYMEHTHl. [Iporpammuoe
oOecrieueHure Mo3BoJIsIeT UMIIOPTUPOBATH JIAaHHBIE B cieAyromux popmatax: CAM,
Excellon, Gerber, GerberX, LMD, HPGL, DXF, Step, Iges, Sieb & Meyer u
ODB++.

[ToaroroBka manHbix Takxke BeinoiHsgeTcs B CircuitPro PM. K TIK cucrema
noakrovaetcs yepes narepderic USB 2.0.

Cucrema ocHallleHa BaKyyMHBIM CTOJIOM C IUIOMIA b0 00padoTku 305 MM x
229 MM, Ha KOTOPOM MIPOUCXOIUT 00paboTKa MaTepHaa.

NHCcTpymMEeHTaNbHBIA Mara3uH MOXET OCHamaTbes |5 MexaHn4ecKumu
WHCTPYMEHTaMH 1Jisi (ppe3epoBaHUsST W CBEPJICHUS, KOTOPHIE BO BpeMsi pabOThHI
3aXBaTbIBAIOTCS W HACTPAMBAKOTCA B IIOJHOCTHIO ABTOMATUYECKOM PEXKUME.
BcTpoeHnnbiii  BeICOKOTOUHBIH Y@ gjazep mnpumeHsiercss g oOpabOTKH
CBEPXTOHKHUX CTPYKTYp. C MOMOIIBIO YHHBEPCAJIBHOIO PE3LA MOXHO BBIIIOIHATH
M30JLIMOHHBIE KaHaibel pasmepom ot 0,2 mm mo 0,5 MM, B 4YacTHOCTH, C
MCIIOJIb30BaHUEM MHUKPOPE3LA BBIMOJHAKOTCA KaHAJbl IJI1 YTEYKH TOKa pa3MepoM
oT 0,1 mm 10 0,15 Mm. Y® nazep ucnosib3yercs Jjisi BBIIIOJHEHUSI CBEPXTOYHBIX



M30JIALIMOHHBIX PACCTOSIHUN A0 15 MKM, KOTOpbIE€ HEIB3S BHIMOJHUTH C TTOMOIIBIO
MEXaHUYECKUX UHCTPYMEHTOB.

JIJisl BBITIOJTHEHMS IIMPOKUX M3OJSLMOHHBIX KaHAJIOB WJIM 30H CTHUPAHUS B
HAJIMYUHA UMEIOTCS UIMHAPUYECKUE HHCTPYMEHTHI pazmMepoM ot 0,8 MM 710 3 MM.

CaepJieHHE MMEYaTHBIX IJIAT BO3MOXHO C MCHOJB30BAHHEM CBEPJIMJIbHBIX
MHCTpyMeHTOB paszmepoM ot 0,2 mMm npo 2,4 mM. KoHTypHas TpaccupoBKa
NeYaTHBIX IUJIAT M CO3/IaHUe OTBEPCTHUM quameTpom Oosiee >2,4 MM JIOCTUTAETCs C
MOMOIUIBIO CHIEIMANBHBIX (pe3 Al CKOPOCTHON KOHTYPHON 00pabOTKH.

[Tocne 3aBepuieHHMs TOATOTOBKM JAHHBIX W CHCTEMBI IOJHOCTHIO
ABTOMATUYECKM HAYMHAETCSA BbINOIHEHUE Impouecca. O COCTOSHHUHU CHCTEMBI
MOKHO Yy3HaTh B JII00OM MOMEHT BBINIOJHEHHS TMpolecca MO CBETOIUOJHOMY
WHJIMKATOPY COCTOSIHUS U CBETOBOM MHJMKATOPHOU TpYyOKe.

K npyrum xapaktepucTukaMm CUCTEMbI OTHOCSITCS:

- (¢pe3epHBI MMNUHAETL C MaKCUMajdbHOM YacToToM BpamieHus 100 000
000pOTOB B MUHYTY

- BCTpOEHHAsi KaMepa JJisi paclio3HaBaHUsl OMOPHBIX TOYEK, MO3BOJISIFOLIUX
BBITIOJIHUTH 00pa0OTKYy MHOTOCJIOMHBIX MEYaTHBIX TIAT

- OrpaHUYUTEIb TJIYOMHBI, OOECIEUMBAIOIINN BBIMOJHEHHE OOpPadOTKU
MOJJIOKEK C UyBCTBUTEIbHBIMU TOBEPXHOCTSIMU

- BBITSDKHAs CHCTEMa C aBTOMAaTMYECKUM HHIAMKATOPOM, 0oOecreynBaromias
YUCTOTY MpH 00paboTKe.
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Puc.1. Baemnuii Bua ProtoMat D104 (1 — o6pabatbiBaroriias rojioBka, 2 —
KPBIIIKA, 3 — BAKYyMHbII CTOJI C UHCTPYMEHTAJIbHBIM Mara3uHoM, 4 — KOpIryc).

OOpabarbiBaoniasi roJioBKa ocHaileHa (QpesepHoit 06abkoit u YO
nazepoMm. OOpaOatbiBaroiiasg TOJIOBKA, KOTOpas MPHUCOECIWHEHA K CHUCTEME
NepEeMENICHHS TI0 OCU X, SIBJISIETCS CYIIECTBEHHON COCTaBHOW YaCThIO CUCTEMBI U
UCIIOJIb3YETCs 1151 KPETJICHUSI U TIEPEMEIICHUS CIIETYIOIINX MOAY3JI0B:

- Y® nazep ¢ GOKyCUPYIOMUMH JTHH3aAMHU

- (ppe3epHBbIii NIMHUH/IETH C YCTPONUCTBOM JIs 3aKMMa MHCTPYMEHTA

- IIaroBbI€ JABUTaTeNH IJiA HepeMelieHus 00pabaThIBAIOLIC TOJOBKU IO
OCH Z, a TaK)Ke JJI1 aBTOMaTUYECKOT0 KOHTPOJISA INTyOUHBI (ppe3epoBaHUs

- Kamepa JJis paclo3HaBaHUs OTIOPHBIX TOUEK

- OTpaHWYMTENIb TAyOWHBI [JI1 KOHTPOJII TIyOWHBI TNPOHUKHOBEHUS
(dbpe3epHOro HHCTpYMEHTa B 00pabaThiBaeMbIil MaTepraa OCHOBAHUS.

BakyyMHBIH €TOJI OCHAIlllEH MOTOPU3UPOBAHHOMW Y-OCHIO, IO3BOJISIOLIECH
OCYILIECTBIISITh MPOrpaMMHO-yMpaBisiemMoe nepemenienue. [lnomans ob6padboTku
cuctemsl coctaBisieT 305 MM 1o ocu X U 229 MM 1o ocu y. Ilpu mycke cucrtemsl
BAaKyyMHBIN CTOJ aBTOMAaTHYECKH YCTAHABIMBAETCS MYTEM IMEPEMEIICHHS B CBOE
MaKCUMaJIbHOE KpaiHee 3ajHee MOJIOKEHUE C MOCIEIYIOUUM MEepeMEIICHUEM B
CBOE MpeJebHOe MepeaHee MoJjokeHue. BakyyMHbIN cTOn o0opyaoBaH IBYyMs
COCTMHUTEIILHBIMU IIJTAHTAMHU, KOTOPHIMH OH TTOJKIIOYEH K BBITSKHOU CHCTEME.



Puc.2. BakyyMHBIi1 cTON
(1 — coenuHUTEIBHBIN UTAHTH, 2 — OJIOK Ia0JI0HHOW MPOBEPKH, 3 —
MeTaJuIOKepaMUyecKasl M1acTuHa, 4 — BAKYyMHBIN CTOM).

B BakyymHBIi CTON BCTaBji€Ha MeTANJIOKepaMMYecKasi IJIACTHHA,
KOTOpasi BBIIIOJIHAET POJIb MOJKIAAKH IIPU 00pabOTKE C MOMOULIbIO POHUKAIOLIUX
UHCTPYMEHTOB. Ha  meramiokepamMuuecKkyl0  IUIACTUHY  ITOMEILAETCs
npelHa3HAaYeHHBIH a1 00paboTKM  MaTepuan  OCHOBaHuUS.  Marepuai
OPIWKUMAETCS K METAUIOKepaMUYeCKOW TIIacTUHe oOpa3ymomuMcs B Hel
BakyyMoM. Ilpu HeoOXOIMMOCTH, METATIOKEPAMUYECKYIO IUIACTUHY MOYKHO
3aMEHHUTb.

BakyymHblii  cTonm  000pyJOBaH BCTPOCHHBIM OJOKOM  IIA0JIOHHOWM
NPOBEPKH I BBIIOJHEHUS! OECKOHTAKTHON HACTPOMKM HMHCTPYMEHTOB JJIs
¢pe3epoBaHuss U CBEpJCHMs. YNPABICHUE HACTPOMKOM  HMHCTPYMEHTOB
OCYILIECTBIISIETCS. ABTOMATHYECKH CUCTEMHBIM IPOTPAMMHBIM OO€CIEYeHUEM
1ocJIe 3aXBaTa HHCTPYMEHTA.

NHCcTpyMEeHTAIBHBIM  MAara3uH MOXHO OCHAacCTUTh MakcuMyM 15
UHCTpyMeHTaMH. B Hauane mporecca oOpabOTKM B MHCTPYMEHTAJIbHBIM Mara3uH
BCTaBJSIIOTCS. MHCTPYMEHTBI, KOTOPbIE IPHUBSA3aHBI K COOTBETCTBYIOIIHUM,
OTpeIeNIEHHBIM MPOTPaMMON TMOJIOXKEHHUSIM JAeprKaTelis MHCTpyMeHTa. Bo Bpems
0o0pabOTKM TpoliecC 3axBaTa W HACTPOMKM MHCTPYMEHTOB, a TaKXke HX
peryJIrMpoBKa MO TTyOrWHE MOJHOCTHIO aBTOMATHU3UPOBAHBI.



Puc. 3. IHCTpyMEHTaNbHBIA Mara3uH
(1 — uHCTpYMEHT, 2 — Marasus, 3 — IyCTO# epkKaTelb HHCTPYMEHTA).

Bce ¢dpesepoBouHbie U CBEPIMIIbHBIE HHCTPYMEHTHI OCHAILIEHBI PACIOPHBIM
KOJIBLIOM, IBET KOTOPOT'0 COOTBETCTBYET L[N IPUMEHEHUS NHCTPYMEHTA.

HBer Tun nHCcTpyMeHTa
OPaHKEBBIN Mukpopesen
OPaHKEBBIN YHUBEPCAIBHBIN pE3EIL
CUHUM Topuesas ¢pesza (RF)
(buoIETOBBIN Topuesas ppesa

cBetyio-3eneHblid | TopueBas ¢pesa (yaauHEeHHas )

JKEJIThIN ®dpe3a 17151 CKOPOCTHOM KOHTYPHOUM 00pabOTKH

3€JICHBIN CrnupanbHOE CBEPIIO
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Puc.4. Bun cucremsr LPKF Protomat D104 c3agun
(1 — rHe3110 AJ1s1 MOJIcOeIMHEHMS Ka0elsl CEeTeBOro MUTaHus, 2 —
ITHEBMATUYECKOE COSTMHEHUE JJISI MMOAKIIOUEHHUS CUCTEMBI ITOJa4H CKaTOro
BO3ayxa, 3 — USB-pa3zbem s noakimtouenus cucteMsl K 11K, 4 —pazbem nms
MTOJIKJIFOYEHUS BBITSDKHOM CUCTEMBI, S —Pa3beM ISl ITOJIKIFOUEHHS CBETOBOM
UHAMKATOPHOU TPYOKH, 6 — IUTAHT JIJIsl OJCOENHEHHSI BBITSKHOW CUCTEMBI, 7 —
kabenb USB (xkamepsr) mist mogkiouenus k [1K).

III. OBOPY IOBAHUE
Cuctema LPKF Protomat D104.

IV. 3AJJAHUE HA PABOTY
C nomoipto mporpammuoro obecnedenus: CircuitPro PM u cuctemsr LPKF
Protomat D104 mnoaroroBUTh K HU3TOTOBJIECHHUIO TPOEKT M HM3TOTOBUTH
JIBYXCTOPOHHIOIO TICYATHYIO TUIaTy.

VI. YKA3ZAHUMA 110 OOPOPMIJIEHNIO OTUHETA



Otuer HOJDKCH  COACPKATh KPATKOC OIMCAHHUC I1TOCJICAO0BATCIBHOCTU
BBIIIOJIHCHHBIX JCUCTBUHU U M3TOTOBJICHHYIO IICYATHYIO ILJIATY.

VII. KOHTPOJIBHBIE BOITPOCHI
1. Kakue aimemenTsl Bxoadat coctaB cucteMbl LPKF Protomat D104?
2. Kakumu Boszmoxxknoctamu ooimagaetr cuctema LPKF Protomat D104?

VIII. CITMCOK JIMTEPATYPBI
WNuctpykuus no 3xcruryataunu LPKF Protomat D104.



JIABOPATOPHAS PABOTA Ne6
CO0opka nNpoTOTHIIOB 3JIEKTPOHHBIX YCTPOUCTB

I. HEJIb 1 3AJIAYN PABOTBI
[TonmyyeHre HaABBIKOB pPa3MEIICHUS KOMIIOHEHTOB Ha II€YAaTHOM IuIaTe ¢
noMoIiplo nojryaBroMarndeckoi cucrembl LPKF ProtoPlace S u mocnemyromeit
naiku ¢ momoitkio meyu LPKF ProtoFlow S.

II. TEOPETUYECKHUE CBEJIEHUA

Cucrema LPKF ProtoPlace S

ProtoPlace S — 5310 ycraHoBka [isi NpodEeCcCHOHAIBLHOIO MOHTaXa
KOMIIOHEHTOB TOBEPXHOCTHOTO THUIIA MPH COOpKE MPOTOTUIIOB M HEOOJBIINX
nevyatHbix — Iar.  KauecTBeHHass ~ KOHCTPYKUUST M DJEKTPOHHKA  C
MUKPOIIPOLIECCOPHBIM yIpaBJIECHUEM YBEJINYUBAIOT TOYHOCTb U
(YyHKIIMOHAJIBHOCTh YCTPOMCTBA IMpH COOPKE CXEM IMpU HUCIOJIb30BaHUU psilia
HOBEMIIMX KOMIIOHEHTOB, JOCTYIHBIX B HACTOALIEE BpeMs Ha 3JIEKTPOHHOM
PBIHKE.

VYcTpoiicTBO pa3paboTaHO M HM3TOTOBJIEHO B COOTBETCTBUHM C CaMbIMU
BBICOKMMHM TEXHOJIOTMUECKHMU CTaHJApPTaAMHU. OTO TO3BOJIAET  BBINOJIHATH
pa3MelleHre Pa3IuYHbIX KOMIIOHEHTOB, BKJItoYast Menkue aetanu QFP ¢ marom o
0,4 Mm (16 ThIcAuHBIX AroiiMa) U A0 300 KOHTAKTOB, a TaKX€ KOMIIOHECHTHI
MuKpocxeM BIIOTh 10 0201 pas3nmnuHelXx MakeToB (yCTpoicTBa IOAAyH,
MOBOPOTHBIE CTOJIBI, MATUTPHI), GUKCALMIO MEUATHBIX IJIAT PA3IMYHOTO pa3Mepa
mo 297 x 420 mm (11,8" x 16,5"), cmemenne u OJOKUPOBKY TOJOBKHU
MOHTaKa/J03UpPOBaHUsI BO BCEX HAMNpaBlIeHUsIX (X, Yy, Z), IPOCTOW BBHIOOp U
otoOpaxeHue crnocoboB Ha uetblpexcTpouHoM JKK-gucmiiee. bnaromaps coeit
HOPrOHOMUYHON (OpME U IIEKTPOHUKE € MHQOIPOLECCOPHBIM YIIPABICHUEM,
TOHKO  HAacTpauBaeMbIM  MapaMeTpaM M  CHCTEME€  aBTOMAaTHYECKOIO
NO3UIMOHUPOBAHUS KOMIIOHEHTOB, YK€ 0a30Basi MOJENb 00ECIEUNBAET HAIEHKHOE
U IPOCTOE UCHOJIb30BaHuE. [Ipyu 3TOM MOXKHO JI€rKo J00aBUTH (C BO3ZMOXHOCTBIO
pacIIMpeHus) JOMOJHUTEIbHBIE BO3MOXKHOCTH, TaKME€ KaK MOTOpPHU30BAHHBIMI
INOBOPOTHBIM CTOJI, pa3jM4YHblE BUABl YCTPONCTB IOAAUM, JO3UPOBAHUE U
UCIIONIb30BaHNE MH(OKAMEpBI, KOTOpHIE eIe OOJIblIe YBEIUYUBAIOT YPOBEHb
NPaKTUYHOCTH U HAJIEKHOCTH YCTPOUCTBA.



Masunynarop

MekpocTon

Knaswarypa

Puc.1. Baenrauit sBux LPKF ProtoPlace S.

MHUKpPOCTOJI YCTAaHOBJIEH B LEHTPAJIbHOM YAaCTHM YCTPOMCTBA MOHTAXA H
oOecrieunBaeT (PUKCAIMIO MEYATHBIX IUIAT JIIOOBIX pa3MepoB A0 297 x 420 mm
(popmar A3 wumm 11,8" x 16,5"). [leuaTHble TUIATHI yCTAHABIMBAIOTCS MEXITY
nByMmsi TulaHkamu. JleBas miaHka (UKCHUpoBaHa, a MpaBas MpeaycMaTpHUBaeT
HOJMPYKUHEHHYIO PeryaupoBKy. O01acTh crpaBa OT MOANPYKHHEHHOM IIAaHKU
TaKKe MpeJHa3HaueHa Il EMKOCTEW ¢ KOMIIOHEHTaMH.

JIns  AOMOJHUTENbHOUW TOACPKKH ¢  ¢ukcanuer ObuIM  J100aBJICHBI
MarHUTHBIE CKOJIB3SIIHE ONOPHI.

Bpamaromuecs pydykd Ha NEpEeIHEH NaHENW NpeAHa3HAYeHbl Uil TOYHOTO
NO3ULMOHUPOBAHUS MUKPOCTOJIA, Koraa Tpedyercs TouHoe pazMmenienue. [Ipaas
pydKa IIEpeMEIIAET CTOJ] B HAIIPABICHUU OCH X, JIEBAasi — B HAIIPABICHUU OCH Y.
CeToBasi TOYKa B OKHE I IMO3WLHOHUPOBAHUS MHUKPOCTOJA MOKAa3bIBAET €ro
M0JIOXKEHUE OTHOCUTENIBHO Hayanaa KOOpAHHAT.

ManunynsTop MO3BOJSET BBIOMpATh W pa3MemlaTh  KOMIIOHEHTHI,
IpPUINAanuBaTh UX, KPENUTh C MOMOILBIO KJI€S M HMCHOJb30BaTh MOIOIIUE CPEICTBA.
ObecnieunBaeTcsi MPOCTOM BBHIOOP KOMIIOHEHTOB M3 pa3UYHBIX YCTPOWCTB
(JICHTOYHBIE U CTEpKHEBBIE YCTPOMCTBA IMOJA4H, IMOBOPOTHBIA CTOJI, JIOTKH) C
MOMOIIIBI0 BaKyyMma, C OIMOPOM Ha BBIOMpAIONIyI0 WIIy. Bpamaromascs pydka
oOecrneyrBaeT NOBOPOT KOMIIOHEHTA U PYYHOE pa3MElIEHUE KOMIIOHEHTOB TOJIBKO
IIPUKOCHOBEHUEM WIJIbBl. B 3aaiHe 4acTu MaHUIYJATOpa HAaxXOMUTCS IoAada
BO3/yXa JJIs OJKIOYEHMsI 103aTOpa U KaOemb 11 HOAKIOYEHNUS KaMephl.

B MaHunynATop BCTPOEH KOMIUIEKT Pa3MEIECHHUSA-I03UPOBaHUsA, KOTOPBIH,
KpoMe Habopa s J03UpPOBaHMsI M pa3MelleHus (OCHOBHOM HaOop i
pa3MeLIEHMs U J1I03UPOBAHUA), COJEPKUT NEAAb Ul TO3UPOBAaHUsS, HACAAKY JUIs
BbIOOpA, IIECTUTPAHHBIN TOpLEeBON Kitou Ne 2 (1715 3aMeHbI KPOHIITEHHA UTJIBI C
BbIOUpatomiel urnoit), u 3amacHoil ¢Quxcupyrommii BUHT. [lo3aTop sBiAeTCA
BHEIIHUM YCTPOHCTBOM, 00€CTIEUMBAIOILINM J103UPOBAHNE MAasJIbHBIX MACT, KJIEEB U
MOIOLIUX CPEACTB. Molysb ABISIETCS ChbeMHBIM. OH KpPENUTCS K MaHUIYJIATOPY
TOJIBKO BO BPEMsI HCIIOJIb30BAHMS.



Yetoipexctpounblii KK-nucrieit obecrnieunBaeT 4eTKUW BHIOOP PEXHMOB
paboTel U perynupoBok. PopMa U pacroIokKEHUE ONUCAHUNA HAIIOMUHAIOT (GOpMy
Y pacIoyIOKEHHE KIIaBUII Ha KJIaBUATYpeE.

Haxarue kimaBuIl Ha KIaBUAaType IO3BOJSET BBIOpaTh CHOCOO padoTHI,
BBIMIOJIHUTh HACTPOMKM U YCTAaHOBUTh 3HAYEHUS OTJIEIbHBIX IapaMeTpOB.
KnaBummu crierno BBICTYNAIOT U NPYKMHHO IIEJNKAIOT MPU HaKaTuu, yNpoluas
Ha)kKaTHe BCIEIYIO.

Yno6Hoe mporpammHOe oOOecreueHue IMO3BOJSIET OnepaTopy padoTaTh ¢
nByMsi ocHOBHbIMU MeHIO: pa3Mmelienne (PLACE) u no3suposanue (DISPENSE).
HoctynHble B Hacrosimiee Bpemsi (GYHKIUM [OKa3bIBAIOTCSI Ha JMCILIEE,
yIpaBJICHUE BBITIOJIHAETCS C IIOMOIIBIO KHOMIOK KJIaBUATYPHI.

BxuroueHue nepanu BO BpeMsl pa3MEeIeHHs BBIKIIOYAaeT BaKyyM M BKJIIIOYAeT
U30BITOYHOE JaBJICHHUE J/JISl BBIJABIMBAHMS TACTBl, KJIed M MOIOIIUX CPENCTB.
CoenuHUTENbHBIN Kaledb NEAaNu MNOJAKIIOYACTCS K 3aJHEW YacTH BepXHEH
KPBILLIKH.

IToBOpOTHBII CTOJ, MPEXKIE BCETO, MPEAHAZHAUEH JUIsl XPAaHEHUSI OTAENIbHBIX
paccestHHbIX KOMIIOHEHTOB, KOTOpbIE HE SBJIAIOTCS 4YacTbl0 CTaHJAPTHOM
KOMIUIEKTallUM (JIEHTA, CTEP)KEHb WM JIOTOK). KOMIOHEHTBI 3arpyxarorcs B
yamkd. Tum, Ha3HayeHWe W 3HAYOK YKa3blBAalOTCS Ha JTHUKeTKe. Yamku
BBITNIOJIHEHBI U3 MPOBOJSLIETO IUIACTUKA, 00ECIIeYnBasi aHTUCTATUYECKYIO PabOTy ¢
KoMIoHeHTaMu. Ha moBopoTHOM ctosie oObvHO ycTaHaBiuBaeTcs 45 uamiek (15
oauHapHbeiX U 30 ABONMHBIX). Pa3nuuHbie coyeTaHUs YalleK MO3BOJISIIO MOJIYYUTh
45,75 nmm 90 mecT xpaHeHus. BpallleHne NOBOPOTHOTO CTOJIa MOTOPU30BAHO, IS
ynpasieHus: UM ucnonb3yercs pynkius « Turntable» (IloBopoTHBIi cTOM).

KponmreriH ycTpoiicTBa mnomauu MNpeAHA3HAYEH JUISI  [PUMEHEHUS
JCHTOYHBIX WJIM CTEP)KHEBBIX YCTPOWCTB MOJAaud, KOTOpPbIE BCTAaBJSIOTCS B
HaNpaBJsAOIIME KpoHIITeHHa. KpOHIITEWH ycTpoWcTBa MNOJAYM HAXOJUTCS C
JIEBOM CTOPOHBI ycTpoiicTBa MOHTaxa. O0JacTu ¢ nepeaHe CTOPOHbI yCTPOMCTBA
10JIa4M MPEeAHA3HAuEHA JJIs BpallatoluXcsi KOMIIOHEHTOB.

IHeus LPKF ProtoFlow S

ProtoFlowS — 310 MoIIHas KOHBEKIIMOHHAS I€Yb I OECCBUHIIOBOI MAalKU
OIUIaBJIEHUEM MPHUIIOA.

C nomompto XK-aucmnes u mpocToil KiiaBUaTypbl MOKHO JIETKO BBIOPATh
MHOXECTBO 3apaHee 3amporpaMMHUPOBaHHBIX mpoduieil mpomeccoB. Bcee
napameTpbl nmpoduis, TaKKe KaK TeMIiepaTypa W MPOJ0JDKATEIHFHOCTh Ipoliecca,
MOTYT OBITh 3ampOrPaMMHPOBAHbI HWHAWBUAYATHHO IS OTAEIBHBIX CTaauid
nojorpeBa u oruiaBieHus. [Ipodgunam Jerko onmpenensroTcs Mo UMEHaM, JTaHHBIM
noJjb30BaTesnieM. MOXKHO JIETKO YCTAaHOBUTH OJIHY WJIM HECKOJIbKO MEYaTHBIX IUIAT
JI0 MaKCUMaJIbHOM paboueii moBepxHocty 200x160 MMm.

MHOronpoueccopHblii KOHTPOJUIEP, B COYETAHUM C 3-Ms JaTYUKaMu U 3
OTZENbHBIMU TPyNIIaMU HarpeBa, OOECIEYMBAET PABHOMEPHOE pacIpe/ielieHue
Terjga 1o Bced IuiomaaM — neyaTtHo — mathl.  Heckoiabko  cBOOOAHO
IPOrPaMMUPYEMBIX IIArOB MEXAY MOJOTPEBOM M 3AKIIOUUTEIbHBIM OILIABIECHUEM
MO3BOJISIIOT 00pabaThiBaTh MOYTH Bce mpodrim naiku orutaBiaeHueMm o 320°C.



Kpome Toro, ¢ momompio USB-mopra cBs3u momynp 3amucu mpoduiei (10

YEeTBIPEX  HEOOSM3aTeNBbHBIX  JIOTMOJHUTEIBHBIX  JATYMKOB)  oOecrednBacT

MOHHTOPDHHT W 3alHiCh TeMIepaTyp Ha IMEeYaTHOW IIaTe WJIA OTACIbHBIX

KOMIoHeHTax. J1o e USB-coeamnenune oOecreunBaeT yAOOHBIH CHOCOO

CO3aHUS U IPOTPAMMHUPOBAHUS MPO]HIIEH MPOIIECCOB C TOMOIIBIO KOMITBIOTEPA.
HE-guenned

/

KnasusTypa

USB-
IO MHTHEHAE

BrianisHoR
AL BknoyaTens

NWTAHKA

CMoTpOoB0S ORGILIKD

Puc.2. [Teus LPKF ProtoFlow S.

Brikatouarens mUTaHUs PACHOIOKEH B MPABOM HIDKHEM YIUIy MepeaHen
naHenu ycrpodcrBa. Korga mnuraHue BKIIIOYEHO, BBIKIIOYATENb MUTAHUS
MOJICBEYEH.

[Topr USB-noakmtoueHuss Tuma A HAXOAMTCS PSJIOM C BBIKIIOYATEIEM
nutanusd. USB-noakmouenune nogaepxubaet USBeepcnit 1.1 u 2.0

Boibop B MeHio Ha 4erblpexctpouHoM JKK-mucrnee ¢ momolbro
KJIABUATYPhl BIIOJIHE JIOTMYEH, TO €CTh CTPEJIKM HAMpPAaBJICHUS IEPEMEIIA0T B
HY>KHOM HaripaBiieHuu kypcop Ha XKK-gucmee.

Cpeau [OCTYNHBIX IYHKTOB MEHIO METOJbl pPabOThl U HACTPOMKH
napaMeTpoB. KiaBuiliM cjerka BBICTYNAIOT HaJ MMOBEPXHOCTHIO U MPYNKUHHO
MICJIKAIOT TIPU HAKATHH, 00€CTICUnBAs TAKTUIILHBI KOHTPOJIb.

HarpeB kamepbl ocymiecTBisieTcs 6 TpyOuaThIMH HarpeBaTelsiMH OOIIEH
MontHOCThIO 3200 Br.

AJIIOMUHHEBBIE HAKJIAJAKA JIETKO CKOJIB3ST MO JBYM CTEpPKHSIM, 4YTO
MO3BOJISIET JIETKO aJalTHUPOBAThCA K Pa3IWYHBIM pa3MepaMm Ie4YaTHOM IUIaThl,
MakcuMyM 110 230 x 305 mm (9 "x 12).

[lepen OTKpbhIBaHMEM U 3aKPHIBAHUEM SIIIUKA MOJAETCS MPEAYPEKAAOIIHIMA
3BYKOBOU CUTHAJ U BBIBOJUTCS COOOIIEHUE HA JAUCILIEE.

JIBa perynupyeMblX BEHTHJIATOPA YCTAHOBJIEHBI B HUKHEH YacTH SIIHKA.
CkopocTh oxnaxnaeHus peryaupyercs, B quamnazone 0-100% c marom 10

III. OBOPY IOBAHUE
Cucrema LPKF ProtoPlace S u nieus ming maiku LPKF ProtoFlow S.



IV. 3BAJIAHUE HA PABOTY
Pa3smecTtuTte Ha paHee H3rOTOBJIECHHOM T[E€YAaTHOM IUIaT€ SJIEMEHTHI MU
OCYIIECTBUTE UX MaKKYy.

VI. YKA3ZAHUMA 110 OOOPMIJIEHNIO OTUYETA
OT4er [OKEH COAEp’KaTh KpPATKOE OIMCAaHUE IOCJIEN0BATEIbHOCTH
BBIIIOJIHEHHBIX JI€HCTBUM M U3TOTOBJICHHBIA IPOTOTHUII AJIEKTPOHHOI'O YCTPOMCTBA.

VII. KOHTPOJIBHBIE BOITPOCBI
1. CocraB u HazHauenue cucremol LPKF ProtoPlace S?
2. Haznauenue u Bosmoxxuoctu ey LPKF ProtoFlow S?

VIIIL. CIIMCOK JIMTEPATYPHI
1. Uactpyknus no skcrutyaranuu LPKF ProtoPlace S.
2. Unctpykuus no sxcruryaranuu LPKF ProtoFlow S.



