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1 Hean u 3a71a4u M3y4eHHUsl U CIUTITIMHBI

Hean ocBoeHUs TUCHUILTUHBL: (POPMHUPOBAHUE Y CTYJEHTOB MOJATOTOBKH B 00JACTH
MMPAKTUYECKOTO TMPUMEHEHUS  CIIECIUAIM3UPOBAHHBIX CHCTEM AaBTOMATHU3MPOBAHHOIO
npoektupoBanus (CAIIP) u maketoB mpukiamuabix mporpamm (IIIIT) mns paspaGoTku
COBPEMEHHBIX KOHCTPYKIUI U UCCIEAOBaHUS ANEKTPOHHBIX YCTPOUCTB.

3ajgaum:

- KOMIBIOTEPHOE MOAECIUPOBAHUE U MPOCKTUPOBAHUE PATUOTEXHHUUYECKUX CUCTEM U
YCTPOMCTB, a TaK)K€ MX COCTABISIOMINX C MTOMOIIBIO COBPEMEHHOIO CIEIUAIN3UPOBAHHOTO
IPOrpaMMHO-MaTeMaTHUYECKOro 00eCleueHus: ¢ Y4YeTOM IMepeAOBOr0 OTEUYECTBEHHOTO U
3apyOeKHOTO OTIBITA;

- mpuem, 00paboTKa U nepeaavya MHGOPMaIKHU, a TaKkKe MPOBEICHNUE HCCIEIOBAHHMA
B 00J1aCTH PAIMOTEXHUKH C TIOMOIIbIO COBPEMEHHOTO CHEIUATH3UPOBAHHOTO MPOTPAMMHO-
MaTEeMaTHYECKOro OOEeCHeYeHHs] C y4eTOM MEepelOBOr0 OTEYECTBEHHOTO M 3apyOexHOro
OTIBITA;

- TMPOEKTHAsl JEATEeNbHOCTh: (OPMYIMpPOBAHHUE II€JIEH TMPOCKTa, KPUTEPHUEB U
MOKA3aTeIeH TOCTUKEHUS 1€, JEKOMITO3UIIUS 1IeJIeH, BbISIBIIEHUE IPUOPUTETHBIX LEIEH;
pa3paboTka METOAUYECKUX M HOPMATHUBHBIX JTIOKYMEHTOB, TEXHHMUYECKOW JOKYMEHTAIlWH,
MPEJIOKEHUN U MEPOTIPUATUHN IO OCYIIECTBICHUIO pa3pabOTaHHBIX TPOCKTOB U IPOrpamMM;
BHEJIPEHUE U dKCIUTyaTalus HHOOPMAIMOHHBIX CHCTEM.

Jln1st mony4yeHust 3HaHUM y CTYy/IGHTOB B 00JIACTH aBTOMATU3MPOBAHHOM MOJATOTOBKU
MPOU3BOJICTBA MPU M3YyUYEHUU JUCLUIUIMHBI MPEAINOJaraeTcsl peaju3alus CIeTyIMNX
OCHOBHBIX 33]1a4:

- U3y4EHHE METOI0JIOTMYECKMX OCHOB aBTOMAaTU3UPOBAHHOT'O IPOEKTUPOBAHHUS
TEXHOJIOTUYECKUX MPOLECCOB, CPEACTB TEXHOJOTNYECKOTO OCHALIEHUS U MHCTPYMEHTOB.

— TIpakThudeckoe ocBoeHue psaa noacucrteM CAIIP TexHOmOrmueckux Mmporeccos,
MOJIYYMBIIMX I[IUPOKOE PACIPOCTPAHEHUWE B IPOMBILUIEHHOCTH M SIBISIOIIUXCS
XapaKTEPHBIMH MPEICTAaBUTENAMU (YHKIIMOHAIBHBIX OJCUCTEM;

— O3HAaKOMJIEHME C  MEepCHeKTUBaMH U OCHOBHBIMM  HAampaBJICHUSMHU
coBepiieHcTBOBaHUsI CATIP TeXHOIOTMYECKUX MPOLIECCOB.

1.1 MecTo TMCUMILIMHBI B CTPYKTYpPe 00pa30BaTeibHOM MPOTrpaMMbl

Hucuunumaa b1.0.15 «Cuctembl aBTOMATHU3MPOBAHHOTO MPOECKTHPOBAHUSA») IO
HarnpaBieHnto moAarotoBku 11.03.04 DnexkTpoHHMKA W HaHOAIIEKTPOHUKA (KBalu(UKAIIHIS
(cremenp) "OakamaBp') OTHOCUTCS K BapuatuBHOM wyactTu broka 1 «JlucuUIIMHBL
(Momynn)» yueOHOrO IJiaHa.

Juciumnaa «CucteMbl aBTOMaTU3UPOBAHHOTO MPOEKTUPOBAaHMs» Oa3upyeTcss Ha
3HaHuAX KypcoB «mxenepHas rpaduka», « MTHpopMaIOHHbBIE TEXHOJIOTUU U KOMIIBIOTEPHOE
MmonenupoBanue», «KommbiotepHas rpaduka». 3HaHUS, TOMy4YEHHBIE MPH H3YyUYCHUH
JUCHUIUIMHBI, UCTIOJB3YIOTCS CTYACHTAMH MPU BBIMOJIHEHUH BBITYCKHON KBATH(PUKAIMOHHON
paboTBl W JanbHEWIIEH NPAaKTUYECKOW NEATENbHOCTH TIOCIE€ OKOHYAHHs YHHUBEPCHUTETA.
Yuraercs Ha 2 Kypce (3 cemecTp).

1.2 TIlepeyeHb NJIAHMPYEMBIX Pe3yJbTATOB O0Y4YeHUS] MO JAUCHHUILINHE
(MOAy/110),  COOTHECEHHBIX ¢  IUIAHUPYeMbIMH  pPe3yJIbTATAMH  OCBOCHHUA
o0pa3oBaTe/IbHOI NPOrpaMMbl

N3ydenue naHHOW y4eOHOW IUCIMIUIMHBI HAMpaBieHO Ha (HOpMUpOBaHUE Y
oOyyJaromuxcst o0mmenpodecCHoHaNbHBIX U TpodeccuoHanbHbiX KommneTeHnuin: OITK-3;
OIIK-4.



Ne | MHpekc Conepxanue B pe3ynbraTe u3yueHus yaeOHOM TUCIUTUIUHBI
II.II | KOMIIET | KOMIICTEHIIUHA oOyyJaronuecst JOJIKHBI
. CHIINH (vn e€ yacTh) 3HATh yMeThb BJIAaJEeTh

1. | OIIK-3 | ciocoGHOCTB COBpPEMEHHBIE HCIONB30BaTh HABBIKAMH
MIPUMEHSTh TEHIECHIUU MPOTPECCUBHEIC (dhopMau3aryu
METO/IBI IIOMCKA, | Pa3BUTUS METOJOB, | METOIBI pa3paboTKu | 3a[ad pasIduHbIX
XpaHEHHUs, CPEICTB M CUCTEM | U 3KCILTyaTaluu JTaIoB
00paboTKH, texHonorunaeckoro | CAIIP; TEXHOJIOTHIECKO-
aHaIM3a U oOecrnieueHus HCIIOJIB30BATh ro
NpEJCTABIEHHs] | PAAMOTCXHUYECKHX | COBPEMEHHYIO [IPOSKTHPOBAHUS.
B TpebyeMoM [IPOU3BOJICTB; KJIACCU(DHUKAIIIO
dopmare Metozsl coznanus u | CAIIP, ctpykrypy
MHbOpMAIUY 13 | HCCIICI0BaHMS rporecca
PasIMYHBIX MaTEMaTHYECKUX MTPOSKTHUPOBAHUSI,
HCTOYHHMKOB M Moeei COCTaB U CTPYKTYPY
6a3 JTaHHBIX, texHonornueckux | CAIIP, Bunpl
cobtroaas Ipu MIPOIIECCOB C oOecrieyeHust
3TOM OCHOBHEIE HCHOHL3OBaHHi:M CAIIP.
TpeGoBanus KOMITBIOTEPHOM
nHdopMarons | TCXHAKH.
ol
0C30ITacCHOCTH.

2. | OIIK-4 | criocoOHOCTH Ha3HAYEHUE U TPUMEHSTH METOIBI METOIaMH BbIOOpa
MIPUMEHSATH BO3MOKHOCTH peanuzanyu palMoHaTbHBIX
COBpPEMEHHBIE COBPEMEHHBIX KOHCTPYKTOPCKOMH croco00B
KOMHBIOTepHBIC Cp€aAcCTB IIOATOTOBKHN OKCILTyaTalunu
TEXHOJIOTUU IJIsA KOMITBIOTECPHOI'O ITPOU3BOJICTBA U TEXHUYCCKUX
MOArOTOBKH MPOCKTHUPOBAHHUSI BapHaHTHI €€ CUCTEM, METOJAMHM
TEKCTOBOU U COBPEMEHHBIX aBTOMAaTH3allUH. paboThI ¢
KOHCTPYKTOPCKO- | IPOU3BOJCTB; CHUCTEMaMH
TEXHOJIOTUYECKOU| MPHUHIUIIBI PEIICHHS ABTOMATHU3UPOBaH
JIOKYMEHTALUU C | 3a1ad, HOTO
y4EeTOM TEPMUHOJIOTUIO, IIPOCKTUPOBAHUSA

TpeGoBaHUI OCHOBHBIE IIOHATHSA kiaccoB CAD u
HOPMAaTUBHOM Y OTIpE/ICIICHHUS. CAE.
JIOKYMEHTALUN




2. CTpyKTYpAa M cojiepKaHue TUCHUNIHHBI.

2.1 Pacnpenesienne TPyA0EMKOCTH JMCUHUILIMHBI 10 BUIaM PadoT.

OOmass TpyA0EMKOCTh JMCHUIUIMHBI cocTaBisieT 4 3au.en. (144 waca), wux
pacrpejieieHle 1o BHIaM paboT MPeICTaBICHO B Ta0bmuIle (011 cmyodenmog ODO).
By yueOHo# paboThI Bcero | CemecTtp (dachr)
4acoB 3
KonTakTHasi pa6oTa, B TOM 4HCJIe:
AyAUTOPHBIE 3aHATHS (BCEro): 86 86
3aHATHS JICKIIMOHHOTO TUIIA 34 34
3aHATHSA CEMUHAPCKOTO THUIA (CEMUHAPHI, MPAKTUYECKUE 3aHATHS) - -
JTaGopaTopHbIe 3aHITHS 52 52
Nnasi KOHTaKTHas padora:
Kontpousb camoctositenbHoi padotsl (KCP) 2 2
[TpomexyTtounas atrectanus (MKP)B dpopme r3x3amena 0,3 0,3
CamocrosiTesibHasi padoTa, B TOM YHCJIe: 20 20
Kypcosas pabota - —
[TpopaboTka y4eOHOro (TeOpeTHUYECKOro) MaTepuaa 10 10
[ToaroToBKa K TEKyIIEMYy KOHTPOJIIO 10 10
KoHTpOJIb:
[loaroToBka K HK3aMeHy 55,7 55,7
OO0mas Tpy10eMKOCTh yac. 144 144
B TOM YHUCJI€ KOHTAKTHasA paﬁoTa 88,3 88,3
3a4. eI 4 4

[Tpumeuanue: JI — nekuun, 13 — npaktudeckue 3ausaTus / ceMunapsl, JIP — naboparopHsie
3anstusa, CPC — camocrositensHas padora cryaenta, KCP — KOHTposib caMOCTOSITEIBHOM
pabotsl, UKP — nmpomexxyTouHas aTTecTanus.

2.2 Conep:xanue QMCHUNJINHBI:
MoayJsb 1. OcHoBbI yHcaeHHBIX MeTO10B U CAIIP

BBenenue

CtpykTypa AWCHMIUIMHBI, 1eIb W  3aJa4d, aKTyaJbHOCTh  MPOOJIEMBI
ABTOMATHU3UPOBAHHOTO TMPOCKTUPOBAHUS TEXHOJOTUYECKUX TporeccoB. OCOOEHHOCTH
TEXHOJIOTHYEeCKON moAroToBku mpousBoactBa (TIIII) B COBpeMEHHBIX YCIOBUSIX:
yBEIUYCHHUE CIOKHOCTH TEXHUYECKUX OOBEKTOB U TMOBBINICHHBIE TPEOOBAHUS K KaUeCTBY
m3aenui u T.4. 3agauyu, pemaemble B pamkax TIIII m meromsl ux peanusanuu,

akTyanbHOCTh BHenpeHus CAIIP

1.1. O630p cospemennvix cneyuanuzuposannwvix CAIIP 015 3a0ay paouosnekmpoHuxu.

[TakeTbl ~ MaTEMaTHYECKOTO  MOJECIHPOBAHUS U CXEMOTEXHHUYECKOTO
npoekThpoBaHus. Kommepueckne TakeThl H  CBOOOJHO  pacmpoCTpaHseMOe
nporpaMMHoe obecrnieueHue. [JoctonrcTra u Heoctatku coBpeMeHHbIx CATIP.

1.2. Yucnennwvle memoowt ons cneyuanusupogartvix CAIIP.

[TocTpoeHME pa3HOCTHBIX CXEM YHCIICHHBIX METO/IOB aHAJIN3a CUCTEM U YCTPONCTB
PaAMOTEXHUKU CBSI3U. TOYHOCTh M YCTOMYMBOCTH YMCIEHHBIX MeTOJ0B. OlieHKa
3G (HEKTUBHOCTUYHUCIEHHBIX METOJIOB JIJIS 33124 PaIHOITICKTPOHUKH.
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1.3./[ugppepenyuanvuvie ypasnenus u cxemuwvle MOOeIU PAOUOIIEKMPOHHBIX

YCMPOUCM8U CUCTEM.

[locTpoeHne MaTeMaTHYECKUX MOJENEH paJuOTEXHUYECKUX LEeNed B MaKeTax
aBTOMATH3UPOBAHHOTO aHaln3a. MaTpuilbl y3J0B U KOHTYPOB, KOMIIOHEHTHBIC
ypaBHEeHHsI. MeTO/1 TepEMEHHBIX COCTOSHUSI.

1.4. Onmumuzayus napamempos npu Mamemamuieckom U CXemMomexHuuecKom

MOOeUPOBAHUU.

MeTobl ONTUMHU3ALMK MAapaMETPOB MojeNiel CUCTeM U yCTpoHCTB. CrocoOsl
omucaHusl 1EIeBON (PyHKIMH. AJNTOPUTMBI MOHMCKAa MUHUMyMa (GyHKIuU. Moaenu
PaAMOAIEKTPOHHBIX KOMIIOHEHTOB. ieHTHHKaLKs mapaMeTpoB MOEIIEH.

Moayb 2. ABTOMaTU3MpPOBAaHHOE NMPOEKTUPOBAHUE AaHTEHH M YCTPOMCTB

CBY

2.1. Paboma 6 unmepgheiice npoepammur CAD EAGLE.

NucTpyMeHTanbHas TaHelb, CO3/JaHHE MOJEJel, JepeBO MOJETH, MapaMeTph
MOJENU. DKCHOPT W HUMIIOPT MoAenu. YucaeHHble METOAbl, pPEalM30BAHHBIE B
crienquanIn3upoBaHHoM nakere EAGLE.

2.2. Ycmanoseka napamempog npoeKkma u 8bIX0OHbIX NAPAMEMpPOs.

[TopTel. PazOuenne Ha sueiiku. OcHOBHBIE TpeOOBaHMS U KpuTepuu. Bridop
MeTona peuieHus. Bepudukanus npoekra. Sapo nporpammsel. MHTEpdeiic mporpaMmel
EAGLE. OcoGenHocTu BbIBOAA AaHHBIX. [IpencraBrneHue pe3yiabTaToB. DKCHOPT U
UMITOPT pe3ysibTaToB. OO6paboTKa SKCIEPUMEHTAIbHBIX PE3YJIbTATOB B IPOrpaMMe.

2.3. Mooenuposanue u onmumuzayus s3aoaqyu 6 CAD EAGLE.

Onucanne o00BEKTOB MoxaenupoBanus. CBoilcTBa 0O0BEKTa MOACIUPOBAHMS.
[TpuHIMIIBI TEKOMIO3UIIMK CUCTEM TpHU MOJenupoBaHUU. [lapaMeTpsl onTUMU3aUU
OrpaHuyueHus Ha MapaMeTpbl ONTUMU3ANNU. BpIOOp METO/1a ONTUMU3AIIUNA U KPUTEPUHU
BBIXOJIa M3 UTEPALIMOHHOTIO IpoIlecca.

2.4. [Ipoexmuposarue MUKPONONOCKOBOU AHMEHHDL.

OcoOeHHOCTH YCTaHOBOK W BbIOOpa pelIeHUH Juisi 3a7ad MPOEKTUPOBAHMS
MUKPOIIOJIOCKOBbIX aHTeHH. [lopsigok mpoekTupoBaHus. BreiOop anroputmMoB u
0TOOpakeHue pe3yIbTaTOB.

2.5. [Ipoexmuposanue pynopHot aHmeHHbl.

Oco0OeHHOCTH YCTAaHOBOK M BbIOOpa pelieHuil A 3aJad IpOeKTHUPOBAHUS
pynopubix aHTeHH. [lopsimok mpoekTupoBaHus. BwiOop anropuTMoB U OTOOpakeHUE
pE3yNbTATOB.

2.6. [Ipoexmuposanue 3epKaibHOU AHMEHHDL.

Oco0eHHOCTH YCTAaHOBOK U BBIOOpa pelieHuil i 3a1ad MpPOEKTUPOBAHUS
3epKalbHBIX aHTeHH. [lopsaok nmpoekTupoBanus. BeiOop anropuTMoB U 0TOOpaKeHHE
pE3yNbTaTOB.

2.7. [Ipoexmuposanue nepuooudeckol cmpykmypol.

[Topsigok TPOEKTUPOBAHUS MMEPUOAMYECKUX CTPYKTYp Ha OCHOBE YacTOTHO-
CEJICKTUBHOM TOBEPXHOCTM M Ha OCHOBE MeTamarepuaia. BpiOop anroputMoB u
0TOOpakeHUe pe3yIbTaToOB.

2.8. Mooenuposanue xapakmepucmuk ycmpoticmeéa CBY.

S-mapametpsl yctpoiictBa CBU. MeToas! onpeaeneHus S-mapaMeTpos.
OcoOeHHOCTH BBIOOpA METO/1a, BHICOKOYACTOTHBIE METOJIMKH pacyeTa,
KOMOMHHMPOBAHKME TOYHBIX M MPUOTMKEHHBIX METOI0B ONTHUMHU3AIIHS IO JIEMEHTaM
MaTpuIlel paccesuus (S-parameter Goal).



Pacnpenenenne BuaoB yueOHOM pabOTHI U MX TPYIOEMKOCTH IO pa3jieiaM AUCHUIUINHBL.

Paznenbl (TeMbl) IUCHUIUIMHBL, H3yYaeMble B 3 CEMECTpe CBOIHAsI TabJMIa (ounas gpopma).

KosnuecTBo yacos
No HaumenoBanue pasnenos (Tem) Beero Ay;[:g:gHaﬂ KCP Biiagsggf;m
J | 113 | JIP CPC
1 |Beenenue 2 2 - - 2
2 |00630p coepemenHbIX 6 2 - 4 4
cneyuanuzuposanunvix CAIIP ons
3a0ay paouod1eKmpoOHUKU
3 |YHucaennvie memoowi s
cneyuanusuposannvix CAIIP 6 2 - 4 4
4  |[Qughgpepenyuanvuvie ypasnenus u
cxemMHbvle Mooenu ) 10 5 ) 8 4
PAOUOdIEKMPOHHBIX YCMPOUCmMEU
cucmem
5 |Onmumuzayus napamempos npu 10 2 - 8 4
Mamemamuyeckom u
CXEMOMEXHUYECKOM MOOQeNUPOBAHUU
6 |Paboma e unmepgetice npoepammol 6 2 - 4 2
CAD EAGLE
7 |Yemanoska napamempos
npoekma U BbIXOOHbLIX
napamempos. 10 2 - 4 4
8 [Moodenuposanue u onmumuzayus 8 4 - 4 4
sadauu 6 CAD EAGLE
9 |lIpoexmuposarue MUKpOnoIOCKo8oi 5 9 i 4 4
AHMEHHbL
10 |lIpoexmuposarnue pynopHot 6 2 - 4 4
AHMEHHb
11 |llpoexmuposarnue nepuoouueckotl 8 4 - 4 6
CMPYKMypol
12 |Ilpoexmuposanue 3epranbHol
6 4 - 2 6
AHMeEHHbL
13 |Mooenruposarnue xapakxmepucmux 6 - 2 8
yempoticmea CBY
[Tpomesxytounas arrecranus (MKP) 0,3 1
IloaroroBka K sK3aMeHy 55,7 1
Hmoeo 144 | 34 | - 52 2 56

[Tpumeuanue: JI — nekuuu, I13 — npaktudeckue 3ausatus / cemunapsl, JIP — nabopatopHbie
3anatus, CPC — camocrositenbHas padota crynenta, KCP — KoHTpoIib caMoCTOSTENbHOM

pabotsl, UKP — nmpomexxyTouHast aTTecTanus.

KonTakTHas pabota mpu  MpOBEAEHUM YUYEOHBIX
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«CucTemMbl aBTOMaTU3UPOBAHHOTO MPOEKTUPOBAHUS» BKIIIOYAET B ce0s: 3aHITHS JIEKLIHUOHHOTO
TUMa, 1abopatopHbie pabOoThl, TPYNIOBbIE KOHCYIbTAMK (TaK K€ U BHEAYIUTOPHBIE, Yepe3
NEKTPOHHYI0 HMH(OPMALMOHHO-00pa3oBaTelibHyl0 cpeay MopaynapHoro JlMHaMHUYeCKOro

Oo6yuenuss KyoI'V (http://moodle.kubsu.ru/course/view.php?id=681 ), mnpomexxyrouHas
arTecTarus.
2.3 Coneprxanue pa3aesioB (TeM) TUCHUTLTHHBI:
2.3.1 3aHATHSA JTeKIIUOHHOTO THIIA
H ®dopma
N [laHMCHOBAfHE Conep>xanue pazaena (TeMbl) TEKYILEro
pazzesna (TeMbl)
KOHTPOJIA
1. |Beencnue CrpykTypa  JUCUMIUIMHBI, 1[eJlb W  3a7aud,| Y CTHBIH
aKTyaJIbHOCTh ~ MPOOJIEMbl  aBTOMAaTH3UPOBAHHOTO onpoc
MPOCKTUPOBAHUSL ~ TEXHOJOTMYECKHX  IPOIECCOB.
OcoGenHoctu TEXHOJIOTHYECKOU MOATOTOBKHU
npousBojcTBa (TIIII) B coBpeMEHHBIX YCIOBHUSAX:
YBEJIMYEHUE CIOXKHOCTU TEXHUYECKHX OOBEKTOB U
TIOBBIIICHHBIC TPEOOBAHUS K KQU€CTBY M3ACIUN U T.1.
3agaun, pemraembie B pamkax TIIII u mMerompl ux
peanu3annu, akTyanbHOCTh BHeapeHust CAIIP
2. |0630p cospemennvix|[lakeTbl ~ MaTEMATHYECKOrO  MOJAECIMPOBaHHMS M| Y CTHBIN
CneyuaIusupOBanHol | cXeMOTEXHUYECKOIO MPOECKTUPOBAHHS. OIIpoc.
x CAIIP ons 3a0a4 Kommepueckue MaKeThl u cBoOoiHO|[TpakTHyeckoe
paduoseKmpoHUKY pacmpocTpaHsieMoe  MPOrpaMMHOE  OOECIeYeHME.|  3aJaHue
JocTounctBa 1 HegocTaTKu coBpeMeHHbIX CAITP
3. |Yucnennoie [TocTpoeHne pa3HOCTHBIX CXEM YHMCIEHHBIX METOJOB| Y CTHBIN
Memoowl OIS aHalM3a CUCTEM M YCTPOWCTB PAJUOTEXHUKH CBS3HU. orpoc.
cneyuanuzupoéan ~ |TOYHOCTE W YCTOMYMBOCTH YHCICHHBIX METOJOB. [IpakTuyeckoe
noix CAIIP Onenka >(PPEKTUBHOCTH YUCICHHBIX METOJOB s 3aj1aHue
3a/1a4 PaHOIIEKTPOHUKHI
4. |lupgepenyuanvuvielllocrpoenne MaTeMaTHYEeCKUX Mojieneli| Y CTHBIN
ypaeHenus u PaauOTEXHUUECKUX nenen B nakeTax orpoc.
cxemHbvle MOOenu aBTOMAaTU3MPOBAHHOIO aHanu3a. Marpunsl y3noB u|lIpaktnueckoe
PaAOUOIIEKMPOHHBIX KOHTYpPOB, KOMIIOHCHTHBIE ypaBHeHUsA. Meronl 3amaHue
ycmpoticmeu IIEPEMEHHBIX COCTOSAHUSA
cucmem
5. |Onmumuzayus Meto1bl ONTUMH3ALMHI TAPAMETPOB MOJIEIEN CUCTEM YcTHBIN
napamemposé npu i yctporcTB. CriocoObI ONMCAHMS TIEEBOU (PYHKITUH. Orpoc.
MAmMemMamu4ecKom U| A iroput™sel morcka MuHuMyma pynkiuu. Mogenu  |[Ipaktuyeckoe
CXEMOMEXHUTECKOM |\na 105 IEKTPOHHBIX KOMITIOHEHTOB. M ieHTruduKaIus 3aj1aHue
MOOeTUuposanuL rapaMeTpoB MOJeNei
6. HNHcTpymeHTanbHass IaHenb, CO3JaHME MOJENeH, Y CTHBII
Paboma & JIEPeBO MOJENM, MapaMeTpbl MOJAEIHU. JKCHOPT HU ompoc.
unmepgeiice HUMIIOPT MOJEIIH. UucneHnble METOIBL, [TpakTHYECKOE
npozpammer CAD ~ [PCUIM30BAHHBIE B CHEIMATM3NPOBAHHOM TAKeTe  3ajamnue
EAGLE EAGLE
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1. |Vemanoska [Moptel.  PazOuenue Ha  sueiiku.  OCHOBHBIE| Y CTHBIU
napamempos TpeOoBaHUs U KpuTepuu. Beibop meroma perieHwus. OTpocC.
npoexkma u Bepuduxanus  mpoekra.  fAapo  mporpamwmsl.|IIpakTuyueckoe
BbIXOOHBIX Hurtepdeiic mnporpammbr  EAGLE. OcobGennoctn| 3amanue
napamempos. BbIBOJIa JaHHBIX. [IpencraBieHue pe3ysbTaTOB.

DKCnopT W UMIOPT  pe3yibTatoB. OOpaboTka
HKCHEPUMEHTAIBHBIX PE3YIHTATOB B IPOTPaMMe

8. |Mooenuposanue u |Onucanue 00beKTOB MojaeaupoBanus. CBoHCTBA  YCTHBIN
onmumusayus 00bekTa MoJepoBanHus. [IpUHIUIIBI TEKOMITO3UIINH] OIIpocC.
sadauu 6 CAD CHUCTEM npu MOJCIIMPOBaHUU. [MTapamerpsl [TpakTH4eckoe
EAGLE ontuMmuzauuu  OrpaHuueHMs  Ha  [ApaMeTpbl  3amanue

onTuMM3aluu. BpiOop MeTroga oONTUMHU3ALMU U
KPUTEPUU BBIXO/A U3 UTEPALIMOHHOTO Ipoliecca

9 |[Ipoexmuposanue |OCOOEHHOCTH YCTAaHOBOK M BBIOOpa pEINCHUM JuisA| Y CTHBIM
MUKPONONIOCKOB0T  |3a/1a4 TIPOCKTHPOBAHUSI MUKPOIIOJIOCKOBBIX AHTECHH. orpoc.
anmeHHbl [Topsmox mpoektupoBanus. Breibop amroputmoB wu|llpaktuueckoe

oTtoOpakeHHe pe3yIbTaToB 3aJjaHue

10 [[Ipoexmuposanue |OcoGEHHOCTH YCTAHOBOK W BBHIOOpa pelIeHMH ajs| Y CTHBINA
pynopHoll anmenHsl (3a/1a4 MPOSKTUPOBAHUS PYyNOPHBIX aHTeHH. [Topsmok orpoc.

IIPOEKTUPOBAHU. Br16op aJIrOpUTMOB u|[IpakTnyeckoe
0TOOpakeHHe pe3yIbTaToB 3a/1aHue

11 |lIpoexmuposanue  |TIopsAmIOK MPOSKTHPOBAHMUS MIEPHOANUCCKUX CTPYKTYP| Y CTHBII
nepuoouyecKot Ha OCHOBE YaCTOTHO-CEJIEKTUBHOW MOBEPXHOCTH U Ha orpoc.
CMpPYKMypol OocHOBe Meramarepuana. Bpibop anroputmoB wu|lIpakTHyeckoe

oToOpa’keHHe pe3yIbTaToB 3aJaHKe

12 [[Ipoexmuposanue  |OCOOEHHOCTH YCTaHOBOK M BbIOOpa pemeHMi [uisd| Y CTHBIN
3epKaNbHOL 33724 NPOEKTUPOBAaHMs  3€PKaJbHBIX  AHTEHH,  OmpoC.
anmenHuol [Mopsnok mpoekTupoBanus. Beioop anroputMoB H|IIpakTHuecKoe

OTO6pa>KeHI/Ie PE3yJIbTaTOB 3aJaHUE

13 S-mapametper  yctpoiictBa CBUY.  Metogsl YcrHbii
Moodenuposanue ornpenenenus S-napamerpoB. OcoOEHHOCTH BbIOOpa orpoc.
KAPAKMEPUCUK METO/a, BBICOKOYACTOTHBIE METOAMKHM pacyera, |l[IpakTuueckoe
yempotcmea CBY KOMOMHUpPOBaHME TOYHBIX W  MPUOIMKEHHBIX 3aJaHKe

METOO0B OHTI/IMI/IS&III/I?[ 0 DJIEMCHTaM MaTpUIlbl
paccesinus (S-parameter Goal).

2.3.2 3aHATHA CEMUHAPCKOTO THMA.

3aHsaTus CCMHUHApPCKOIr'0 TUIla y‘-IC6HBIM IJIaHOM HC IMPEAYCMOTPCHBI.




2.3.3 JlabopaTopHbIe 3aHATHS.

Ne Hammerosanue HawnmenoBanwue 1abopaTopHBIX paboT Popwma Texyero
paszzaena KOHTPOJIS
1 2 3 4
1. TEXHUYECKUU OTUET
2 3nakomctBo ¢ CAIIP SolidWork. Bemonnenue 110 J1a6OPaTOPHBIM
y4eOHBIX 3aJaHUH U3 y4eOHOTO MOCOOms paboram
2. 3nakomctBo ¢ CATIIP SolidWork. Beimonaenue TEXHUIECKUH OTIET
3 y4eOHBIX 3aaHui U3 Y4eOHOro Mocoous 1O J1a00PATOPHBIM
pabotam
3. 3uakomctBo ¢ CAIIP SolidWork. BeinonHeHNe TeXHUYECKUH OTYET
y4eOHBIX 33JaHHi U3 y4eOHOTo mocoOus 110 J1a0OpATOPHBIM
4 paboram
4, 5,6 JlabopaTopHas pabora « BBeneHue B NpOeKTUPOBAHUE TEXHUYECKUN OTUET
neuatublx miar. 3nakomctBo ¢ CAD EAGLE.|no na6oparopHbim
Hacrpoiika uatepdeiica mporpaMmmMbny paboram
5. JlaboparopHas pabota «Pa3paboTka U MOACPHHU3AIINS | TEXHUICCKUH OTUET
.8 CXEMBI KJIaCCHYECKOT0 MYJIbTUBHOpATOPA. 10 JT1a00PaTOPHBIM
TpaccupoBKka pa3IMYHBIX BApUAHTOB NICUATHON
TJIaThD)
6. TEXHUYCCKHUNA OTUET
9 JlaGopartopHas pabota. «/Ipoekmuposanue 110 J1aGOPATOPHBIM
MUKPONONOCKOBOU AHMEHHBLY paGoTam
1. JlaGopaTopHnast pabota. «/Ipoekmuposanue pynoprou |TEXHUYECKUN OTUET
10 aHmeHHbL) 10 J1a00paTOPHBIM
pabotam
8. TEXHUYECKHUH OTUET
11 JlaGopatopHas pabota. «/Ipoekmuposanue 110 J1aGOPATOPHBIM
nepuooudecKol CmpyKmypuly paGoTam
9. JlabopaTtopHas pabota. «I/Ilpoekmuposarue TEXHUYECKUU OTUET
3epKANbHOU AHIMEHHBL) 1o 1a00paTOPHBIM
12 pabotam
10. JlaGoparopHas pabora. «Mooenupoeanue| TeXHUIECKUN OTIET
xapaxkmepucmux ycmpoticmea CBy 1o 1a6opaToOpHBIM
pabotam
13

[TpoBeneHue 3aHATHI 1aOOPATOPHOro MpaKTHKyMa IpeaycMoTpeHo B cpeae Solid
Work, EAGLE, Onucanust Teopun, METOAMYECKHAE YKa3aHUS U 3aaHUS 10 BBITOJHCHHIO
1a060paTOPHBIX pabOT BRIAIOTCS CTYJEHTAM II€PE/T BHITIOTHEHUEM.
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2.3.4 TlpumepHasi TeMaTHKA KYPCOBBIX padoT (MMPOEKTOB).

CoryiacHO y4eOHOMY IJIaHy KypCOBBIE paOOThI (MMPOEKTHI) MO TaHHOW TUCHIUILINHE
HE TIPETYCMOTPEHBI.

2.4 TlepedyeHb Y4eOHO-METOANYECKOT0 00ecTiedeHHs IJIf CAMOCTOSITE/IHLHOM
PatoThI 00Y4AKOIIMXCH MO AUCHUIITIHHE (MOYJIIO).

OO0mue u MEeToIUYEeCKHe PEeKOMEHIAIMU CTYJCHTOB pa3MEIEHbl B 3JEKTPOHHOM
nHpopManmoHHo-o0pa3zoBaTenbHOM cpene MoaynapHoro Jlunamuueckoro OOyueHus
KVYbBI'Y.

[lepeyenp yueOHO-METOANYECKOTO 0OECTICUEHUST TUCIIUTLIIMHBI IO

Nel  Bumg CPC BBITIOJTHCHUIO CAMOCTOSITEIILHON pabOThI
1 Hp0p360TKa MeToauueckue peKOMEHIAIMY 110 OPTaHU3alluU ¥ BBITIOJTHCHUIO
y4eOHOTO CaMOCTOSTENBHOI PabOTHI CTYICHTOB ISl GaKaJlaBpOB HAMPABIICHUSI
(TEOpETHYIECKOTO nmoaroroBku 11.03.01 «Pamunorexankay
MaTCpHalia K
TEKyIIeMy
KOHTPOJIIO)
2|IToaroroBka x MeTtonuueckue peKOMEH AU 110 OPraHU3aI[MU U BBIOJIHEHHIO
CaMOCTOSTEIbHOM paboThI CTY/ACHTOB [UIsl OaKalaBPOB HAIPABICHUSIIOATOTOBKH
11.03.01 «PaguorexHuxa»
BBIIIOJIHEHUIO
1ab0paTOpHBIX
pabort

IlepeyeHb yueOHO-MEeTOAUYECKOTO 00ecTiedeHUsT U CIUTIINHbI
10 TeMaM MPOrpaMMBbl /1Jisl NPOPA0OTKH TeOPeTUYECKOT0 MATEepHAaJIa

Y4eOHO-MeTOMUeCKHe MaTepHaIbl ISl CAMOCTOSITETILHON paboThl 00yYaroImuXCs
W3 4YKClia WHBAJUJOB U JIMI C OTPAHUYECHHBIMU BO3MOXHOCTSIMU 310poBbsi (OB3)
NPEOCTaBISIIOTCST B (opMax, aJAaNTUPOBAHHBIX K OTPAHHUYCHHSIM WX 30POBbS H
BOCTIpUSATHSI HH(OPMAITUH:

JUist U1 ¢ HApyIICHUSIMU 3PCHHUS:
— B (popMe AIIEeKTPOHHOTO JOKYMEHTA MM B TIeYaTHOW (hOpMe YBETHMUECHHBIM HIPUPTOM.
JUis i1l ¢ HapyIeHUSIMH CITyXa:
— B (pOpMe IIEKTPOHHOTO IOKYMEHTA WK TIeYaTHOU (opMe.
J1Jist 1T C HApYIICHUSIMU OTTIOPHO-JBUTATEIBHOTO arapara;
— B (hopme AIIeKTPOHHOTO JOKYMEHTA WJIH Me9aTHOH (hopme.

JlaHHBII TepedeHb MOXKeT OBbITh KOHKPETU3UPOBaH B 3aBUCHUMOCTH  OT
KOHTUHI€HTa 00Y4aoIINXCS.
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3. O6pa3oBaTeibHbIE TEXHOJIOTHH

[Ipn u3yueHnn AUCHUILIMHBI MPOBOAATCS CIEAYIOIIME BUIbl YUeOHBIX 3aHATUNA U
paboT: JeKnuu, 3ammTa JabopaTOpHBIX paldOT, KOHCYJIbTALlMU C MpernojaBaTeieM,
caMocCTosTeNbHAs padoTa CTyIE€HTOB (M3yUYE€HHUE TEOPETUUECKOT0 MaTepHUaa,1oAroTOBKa
K TMPaKTHUYECKUMHU 3aHSATHUSM, MOATOTOBKA K JA0OPAaTOPHBIM 3aHSATUSIM, BBINOJTHEHUE
JOMAIITHUX 33/IaHU, TOJATOTOBKA K TECTUPOBAHUIO U 3a4ETY).

JI1st mpoBeeHrs 4acTH JICKIIMOHHBIX 3aHATHN HCIOJIB3YIOTCS MYJIbTUMEIUIHBIC
Cpe/lCTBa BOCHPOU3BENICHUS] AKTUBHOTO COJEPKUMOTO (3aHSATHUS B MHTEPAKTUBHOU
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¢dopme), MO3BOIIAIONIETO CTYICHTY BOCIPUHUMATH 0COOCHHOCTH U3y4aeMOM JUCIUTUIHHEI,
UTparollue penaronly0 pojb B MOHUMAHUU U BOCIPHUSATHH, a Takke B (POPMUPOBAHUU
npodecCuoHaNBHBIX KOMIeTeHIUH. [lo psiay Tem AUCHUIIIMHBI JEKIHUM MPOXOIUT B
KkiaccuueckoMm ctuiie. CTyIeHTY B PEXHMME CaMOCTOSITENIbHOM pabOThl peKOMEHAYeTCs
U3y4YeHHE KOPOTKOMETPAXKHBIX BUACO(PParMEHTOB 110 U3y4aeMbIM BOIIPOCAM.

IIpn mpoBeneHMHM NPAKTHYECKUX 3aHATUM MOXKET MCIOJIB30BATHCS JOCKA, IS
pacyeToB M aHajgu3a JAHHBIX MOTYT HPHUMEHSTHCS JOMNOJHUTEIbHBIE CIPABOYHbIC
Marepuaibl. lIpenBaputenbHO u3y4yass pPEKOMEHAOBAHHYIO JIUTEPATypy, CTYICHTHI
TOTOBATCA K MPAKTUYECKOMY 3aHATHIO - AHAIM3UPYIOT MPEMJIOKECHHbIE B YYEOHHKE
npUMepbl perieHus 3aAad. Ha mpakThyeckux 3aHATUSAX y4yeOHas rpymma JAEIUTCsS Ha
NOATpyNIbI 1o 5-7 yenoBeka. Kaxaol moArpynmne BbIAAIOTCS CBOM UCXOJHBIE TAHHBIE K
paccMaTpuBaeMblM Ha 3aHATMM 3agadaM. [Ipy  BO3HMKHOBEHMM TpPYIHOCTEHN
IIPENOIABATENB TIOMOTAET IPyNIaM B JOCTHKECHUH ITOJIOKUTEIBHOTO pe3yibpTara. B xone
NPOBEPKH  MPOMEKYTOYHBIX  pe3yJbTaTOB, IOMCKAa W  HCIPABICHUS  OIIUOOK,
OCYILIECTBIISIETCS] MTHTEPAKTUBHOE B3aUMOJICHCTBUE BCEX YUACTHUKOB 3aHSTHSI.

KoHcynbranmu mpoBoAsTcs pa3 B JIB€ HENENM IS pa3bsCHEHUsS NPOOIEMHBIX
MOMEHTOB IIPH CaMOCTOSITENIbHOM U3y4€HUH BOIIPOCOB NU3y4aeMOU TUCIMUILIAHBIL.

Takum  o0pa3oM, OCHOBHBIMH  00pa3oBaTeJbHbIMH  TEXHOJOTHSIMH,
HCIOJIb3YyeMbIMH B Y4eOHOM mpouecce, SBJISAIOTCHA: HHTEPAKTHBHAs JIEKLUA C
MYJbTUMEIUINHON CHUCTEMON U aKTHUBHBIM BOBJIEUEHHEM CTYIEHTOB B Y4eOHBIH Mpolecc;
00Cy>X/JIeHHE CII0KHBIX U IUCKYCCUOHHBIX BOIPOCOB U MPO0OIIeM; 1a00paTOpHbIE 3aHATUS
— paboTa CTYJEHTOB B MaJlbIX IPYIIax B PEKUMAaxX B3aMMOJEHCTBUS «IIPENoAaBaTeNb —
CTYIEHT», «CTYIEHT — IIPEnoAaBaTelby), «CTyACHT — cTyaeHT». llpu mnposeneHun
7a00paTOPHBIX YUEOHBIX 3aHATHIA MPEAyCMOTPEHO Pa3BUTHE y OOYUAIOUIMXCS HAaBBIKOB
KOMaHAHON pabOThl, MEXIMYHOCTHON KOMMYHUKAIIMH, IPUHATUS PEIICHUNA U JTUJIEPCKUX
Ka4eCTB.

JUia  ui, ¢ OTPpaHUYEHHBIMU BO3MOXHOCTSIMU  310POBb  IIPENLYCMOTPEHA
OopraHu3anys KOHCYJIbTallUi C UCIIOJIb30BAHUEM DIIEKTPOHHOM IMOYTHI.
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3aH$ITI/I$I, IMPOBOANMBIC C UCITIOJIb30BAHNEM NHTCPAKTHUBHBIX TEXHOJIOTU

Cemectp Bug Hcnonp3yemble HHTEpAaKTUBHBIE KonnuectBo
sansaTus (JI, 00pa3oBaTelIbHbIC TEXHOJIOTHU 4acoB
JIP)
3 JI WNHTepakTUBHAS JIEKIUSA C MyJIbTUMEIHUIHHOM 34
CHCTEMOU
3 JIP WNHauBuayansHOE BBITOJIHEHHE 1a00paTOPHBIX 52
3aJIaHuN
Hroro: 86

4, OlIeHO‘{HLIe cpeacrea  AJd  TEKYIIEro KOHTPOJA YCIEBAEMOCTH H
HpOMC?KYTO‘{HOﬁ aTreCcralnuu.

4.1 DoHI O1LIEHOYHBIX CPEeACTB /1JIs1 MPOBeAeHHsI TEKYIIEero KOHTPOJIsI.

Texyuuii KOHTPOJIb OpraHU30BaH B (hOpMax: 3alIUTHI 1a00paTOPHBIX PadOT, B X0O1€
7a00paTOPHBIX 3aHATUSIX IyTEM OLICHKM aKTUBHOCTH CTYAEHTa W PE3yJbTATUBHOCTHU €rO
JENCTBUI

Hwuxe nmpuBoautcs nepedeHb W MpuUMeEpbl U3 (POHAA OLIEHOYHBIX CPEACTB.

@DOHJ OLIEHOYHBIX CPENCTB VISl IPOBENECHUS TEKYILETO KOHTPOJIS COAECPHKUT:

- Bapuants! 3ananuii (mpuMeHseTcst B 3-M CEMeCTpe).

IIpumep 3axanus

JlabGopaTopHas padora Ne 1.
Beeoenue ¢ npoexmuposanue neuamuvix niam. 3nakomcmeo c
CAD EAGLE. Hacmpoiika unmepgeiica npozpammol.

IIpoexkTUpOBaHMeE MEYATHBIX IJIAT

[lepen yrimyOsieHueM B TeMy NMPOSKTUPOBAHMSI MEYATHBIX IUIAT, CTOUT JIJIs Hayalla HAIKMCATh
mapy cJOB O TOM, YTO €CTh TaKO€ neyamHuas niamd.

IMeuyarnast muara - (aura. Printed Circuit Board) wiu PCB (mamee stor TepMuH Oymet
BCTpPEYAThCS TTOBCIOJY ) — €CTh IJIACTHHA U3 JUAJICKTPHKA, HA IOBEPXHOCTU MJIH B 00beMe KOTOPoit (00
3TOM 4YyTh TMO3XKe) CPOPMHPOBAHBI DIIEKTPONPOBOJAIIME ILEMU paauocxeMbl. lleuaTHas TuiaTa
npeaHasHaueHa ISl SJICKTPUYECKOTO W MEXAaHHYECKOTO COSNMHEHHS paJuodJIeMeHTOB. Te, B CBOIO
ouepe/ib, COCUHSIOTCS Ha TUIaTe CBOMMH JJICKTPUYSCKHMMHU BBIBOJAMH WJIM MHHAMU (¢ aHTa. Pin) ¢

JOPOKKaMH IPY TOMOIIY MalKU WIHA IPYTUX TEPMOIIPOLIECCOB.
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Sﬂekmpuqecmte niaamol

ITo cBoeli pa3HOBHIHOCTH TIE€YATHHIC IJIATHI OBIBAIOT 1-CIIOWHBIMU, 2-CIIOHHBIMH, 3, 4, 5... H
T.1. MakcumanbHOE KOJIMYECTBO CJIOEB — MapaMeTp, OrPaHUYMBAEMbIA CO CTOPOHBI MPOU3BOJUTENS
JIMIIb Ka4eCTBOM IPOU3BOCTBA, cOo cTopoHbl CAIIPa — pa3pemaromuymy ciocoOHOCTAMU IPOrpPaMMBbl
U XapakTEepUCTUKAMU KOMIIBIOTEPA, M HEOOXOJUMOCTBIO CO CTOpPOHBI pa3paboTumka. Jlaxe s
MIPOEKTOB BBICOKOM CIIOKHOCTH 3a4acTyl0 JOCTATOYHO JIBYX CJIO€B Ie4aTHOro pucyHka. Hampumep,
COBETCKHE HH)KEHEpPhl B OCHOBHOM IPOEKTHPOBAIM CBOM YCTPOMCTBA BOOOIIE HA OJIHOCIONHBIX
I1aTax, ¢ UCIOJIb30BAHUEM ICKTPUUICCKUX TIEPEMBIUEK Ha BTOPOM ciioe. Kcratu roBopsi, B Oyaymmx
mabopaTopHbIX paboTax MBI TOXKE ONMpoOyeM NaHHY TeXHHKY. C OCTalbHBIMH MapaMeTpamH IuiaT
03HAKOMHMCST HEMHOTO TT037KE.

Ilevamnuas nnama epemen CCCP MHnozocnotinas newamunas niama

[TepeiinemM k TOaPOOHOMY TIPOIECCY MPOSKTHPOBAHMSI JIEKTPHUIECKOH TIaThl. Takas CIoKHAS
3alaya, KakK W3TOTOBJIEHHE TOTOBOTO PAJUOYCTPONCTBA €CTECTBEHHO pEIIAeTCs METOJIOM
penykimonuzma. O603HaYUM 10 TIOPSIKY OCHOBHBIC TTOI3a[a9H:
1. Cocrasienune Texanueckoro 3aganus (T3).
2. TIpoexTupoBaHUE CTPYKTYPHOU CXEMBI.
3. Co3naHue IEKTPUUECKON CXEMBI.
4. Pa3paboTka MmeyaTHOM MIaThl:
a. lloaroToBUTENLHEBIN 3TAIl.
b. Hasnauenune TeXHMYECKUX MApaMETPOB ILIATHI.
c. KommnoHoOBKa paino3IeKTPOHHBIX AJIEMEHTOB.
d. TpaccupoBKka MeyaTHOM TLIATHI.
€. 3aKJIIOYNTENLHBIN dTall.

5. COopka 2JIeKTPUIECKOT0 YCTPOMCTBA.

6. TectupoBaHue M T.II.
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B pamkax pmanHoi nmabopaTopHO#M paloOThI, 37ech HAac MHTepecyloT MyHKTHI Ne 3 u 4. 00
OCTaJIBHBIX KPaTKO:

* Texnuueckoe 3a0aHue — OCHOBHOM IUIaH, 10 KOTOPOMY OyZET M3rOTOBJICHO yCTpoOiicTBO. B
HallleM ciydae, OMHMO OCHOBHBIX, U TaK IOHATHBIX TPeOOBaHUIl, 3TO MOryT ObIThb, HalpUMeEp,
NpPUMEYaHUsI K KOHTYpPY IMEYaTHOM IUIaThl, CHOCOOHOCTh €€ padoTaTh B OINPENENCHHBIX YCIOBUAX
cpeabl, o011as KOHCTPYKTOPCKasi MPOYHOCTh YCTPOMCTBA M TaK Jajee, BIUIOTh A0 LIBETa MasIbHOM
MAacCKH.

* Kaxxjoe 3JeKTpu4ecKkoe yCTpOUCTBO, KOTOPOE BBIMOIHSAET CBOIO ONPEACIIEHHYIO (YHKIIHIO,
COCTOUT M3 JTUCKPETH3UPOBAHHBIX OJOKOB. [lisi OObEOUMHEHHS MX BCEX B OJHO EAMHOE IENIOe
UCHOJNB3YIOTCA  cmpyKmypHvle cxemul. Takxke, OHU YNPOUIAIOT YTEHUE DBJIEKTPUUYECKOMH
(IpUHLIMIHATBHON) CXEMbI YCTPOUCTBA.

* Tlocne M3roToBiieHHE MPOTOTUIIA [IEYATHOW IUIAThl HAUMHAETCA cOOpKa ycmpoticmed. ITO
IIPOLIECC 3alaliKu PaJuO3JEMEHTOB Ha IUIATy IPU MOMOIIM NPUIOS U MPOYUX BCIOMOIATEIbHBIX
ieMeHTOB. [lalika Bpy4HYyO OCYLIECTBISETCA MNAasUIbHUKOM, NasUIbHOW CTaHLUEH WM MasyibHBIM
denom. Taxoke cymecTByoT padpUKu aBTOMATU3UPOBAHHON COOPKH AIEKTPOHHBIX YCTPOICTB, I/I€ BCE
3Tarlbl 3TOr0 NPOLECCa BHIIOIHIAOT POOOTU3UPOBAHHBIE MEXAHU3MBI.

* TecmupoeaHue — IpoLEecc, CMEXHbIN TPOTOTUNMPOBaHMIO. 13 Ha3BaHUS ACHO, UTO HA JaHHOM
JTane roTOBOE 3JIEKTPUYECKOE YCTPOICTBO MPOXOAUT PA3JIMYHBIE TECTbl, HAUMHAs OT OOBIJCHHOM
MIPOBEPKH Ha pabOTOCIIOCOOHOCTD M 3aKaHYHMBAs CIICIUATBHBIMU HCIIBITAHUSIMH, T€ TOTOBBIA IPOTYKT
[0JIyyaeT ocoOble cepTU(UKAThl Ha IMPOMBILIUICHHBIE U OBITOBbIE CTAHAAPTBHI. JTO MOIYT OBITH
paznuunbie 'OCTrI win eBponeiickue Hopmbl, Tiia EAC wiu PBfree.

Ilpoyecc aemomamuzuposanHo naiku

Tenepb MOKHO ITOTOBOPUTH O CO3JJAaHUHN IJICKTPUICCKUX CXEM. Tak xak 3TUM MBI TaKXKe 6y,lleM
3aHUMAThHCS B TEUCHUE JTA00PATOPHBIX padOT, CTOUT HEMHOTO YTIYOUTHCS B 3Ty TEMY.
DnekTpuueckas (WA NPUHYUNUAIbHASL) CXeMa — 3TO rpaduyeckoe n300pakeHue (MOJEIb),
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cITy’Kallee JUisl epeadn ¢ MOMOIIBIO YCIOBHBIX rpaduuecknx u OyKBEeHHO-IU(POBBIX 0003HAUEHHI
CBSI3€M MEXIY AJIEMEHTaMHU 3JIEKTPUYECKOr0 YCTpoHcTBa. B oTiiMuMe OT medaTHOW MaThl, OHA HE
MOKa3bIBaET (PU3MUECKOE PACIOIOKEHUE 3JIEMEHTOB, a JIMIIb YKa3bIBAeT Ha TO, KaK BBIBOBI PEabHBIX
3JIEMEHTOB COCTUHSIOTCS C APYTUMHU.

i+

EELILLN

- ok

Ipumep npunyunuanvrot cxemovl omaadoynou niamol 011 ATMEGAS

Ha mocnetnem 3aHATHH MBI CO3/IaJTUM MTOXO0XKEE YCTPOHCTBO, C HEKOTOPBHIMHI MOJICPHU3AIIUSIMH.

B co3nanum 31eKTpUYECKHUX CXEM COBCEM HET TPYAHOCTEH, €CIIM Bbl YBEPEHbI, UTO camMa CXxeMa
WCIpaBHA 110 CBOEMY (PYHKIIMOHATY M BCE CXEMOTEXHHUECKUE pacueThl POU3BEICHHBI BepHO. Bee uro
HYXXHO JUISi pa3pabOTKM TaKWX JOKYMEHTOB — JTO BBIOMpaTh HEOOXOAWMBIC JIIEMEHTHI W3
OTIpeIeIEHHBIX OMOIMOTEK W TMPABWIIBHO MPOBOJIUTH AIIEKTPHUECKUE CBS3H MEXKAY HUMH. Kaxkmprii
PaIMOKOMITOHEHT MMEET JJICKTPHUYECKHE BBIBOBI WM TAaK Ha3bIBAEMbIC «HOXKW». Tak, Harmpumep,
niepBast «Hora» mukpocxemsl 7805 (IC2 (¢ anru. Internal Circuit)) coeauHena nmapauieabHO ¢ KaTOA0M
nnona D2 u orpunarensHbIM BEIBOJIOM KOHIeHcaTopa C6.

Y Kaxa0ro 53JIEMEHTA PAJUONIEKTPOHHOM CXEMbl €CTh CBOM NOPSAJKOBBIM HOMEp, Ha
aHrIMiickoM si3eike — Designator. Dtot tepmuH ucnonbdyercst Bo Bcex CAITPax 0e3 nckimrouenus. Y
Pa3IMYHBIX HJIIEMEHTOB €CTh CBOM OIpe/IelIeHHbIE 0003HaUeHus. Tak, pe3uCTOphI MPUHITO 0003HAYATh
cuMBOJIOM «R», kKoHIeHcaTopb! - «C», Mukpocxemsl «ICy» nmm «Uy. Jlanee 3a OykBO# ciemyer HoMep
nerann. Hymepanus pagHOKOMIIOHEHTOB TIO TMOPSAKY JOBOJBHO HEIUIOXO YIPOIIAeT YTEHHE
NPUHIMITHAIBHON CXeMBbl ycTpoiicTBa. Takke, yNmOpsI0YEHHOCTh 3JEMEHTOB JEeNaeT BO3MOXKHBIM
CYIIECTBOBAHME TaKHMX JOKYMEHTOB, Kak crucok kommonenToB (BOM (Bill of Materials)), Report-
aucmos v T.1. B CAD Eagle nnentudukarop kommnonenra xpanurcs B napamerpe >NAME.

[TomMrMoO yHUKATHHOTO 0003HAUCHHS, KQXKIBIN SJIEMEHT PAIHOAIEKTPOHHON CXEMBI HMEET CBOH
cBoiicTBa. OCHOBHO# MapaMeTp paaHOKOMIIOHEHTA, JIOTHYHO, SIBJISIETCS €T0 TIIaBHON XapaKTEPUCTHKOM
u xpanutcs B 3HaueHun >VALUE. HerpynHo poragatbces, y pe3uctopoB 310 conportuienue (10K,
4K7, 110...), y koHIeHCAaTOPOB — X eMKocTh (47UF, 100nF, 310pF...), y MuKkpocxem Ux mapTUifHOE UMS
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(ATMEGAS8, NE555, ULN2803AG, STM32F303C8T6...). KoneuHo, 3To Jajieko HE BCE CBOMCTBA
pamunosnementoB. Hekoropsie CAIIPs, nHampumep Altium Designer, mo3BoyisSiOT XpaHHUTh
HCOTPAHNYCHHOC KOJHMYCCTBO MMApaMCTPOB I KaKAO0I0 3JICMCHTA. IToToM UX MOKHO HCIIOJIB30BaTh
JUIS1 COCTaBJICHHSI TEXHUYECKOM JOKYMEHTAIIMH, HATPUMED, TOTO YK€ CIIHCKa KOMITOHEHTOB.

dd=next
wap=0

pas @ I@as 1

Paouosnemenmuol na npuHuunuaﬂbHoﬁ cxeme

Ha stom, cobctBenHO, Bce. JlomycTuM, Temeps y Hac €CTh rOTOBas DJIEKTpUYECKas cxema
YCTPOMCTBA. DTO 3HAYUT, UYTO IOCJIE MPOBEPKU MOXKHO CO3/1aBaTh IMPOEKT MeudaTHoM miatel. [lepen
HayvajoM paboThI CTOUT OTMETUTB, 4TO Kaxablii CAIIP cobromaeT aHHOTAIMIO MEX Ty KOMITOHEHTAaMH
Ha MNPUHLHUIIAAIBHON CXEME U NeYaTHOM miate. DTO 03HAYaeT, YTO JIJIS IPOrpaMMbl Kax bl 3JIEMEHT
CXEeMBI, ero rpadudeckoe 0003HaYEHUE U TI0CAI0YHOE MECTO Ha TUIATE, SBJSIETCS €MHBIM IeNbiM. Tak
ke, KaKIbI MMEeYaTHBIA MPOBOJHUK ACCOIMATHBHO OTHOCUTCS K DJIGKTPUYECKOW IEMU Ha CXeMe
YCTpOMCTBA.

Iloozomoeumenvuulii 3man. 3I[€CI) HAaCTpanuBarOTCA IIpaBujla TPAaCCUPOBKH M KOMIIOHOBKH
OJICMCHTOB.

ET TexHonormueckue npasuna (default *) X & Texnonormueckve npasuna (default *

@ain  Layers Cearance  Dtance  Sies AnnubrRing | Shapes Supply Masks  Misc @aiin | Layers Clearance Distance | Szes AnnubrRng | Shapes  Supply  Masks | Misc

Different Signals Min % Max Diameter
Wire Pads  Top 25 20mi
Inner 10mil 25 20mil L
Pad | 0.5mm 0.5mm va
Bottom | 10mil 25 20mi
Via 0.15mm 0.15mm 0.15mm
Vias outer | 10mi 23 20mi
Same Signals .
Inner | 8mi 2 20mi m]
Smd Pad Via
smd | 0.15mm 0.5mm 0.15mm oo @i [ pE 2omi
Inner amil 25 20mi

Minimum Clearance between objects in signal Gyers.

The Same Signals check between Smaand V& does not aj to Micro Vies.
9 ey Annular Rings for pads and vias are defined i percent of the dri diameter (Imiced by Min and Max). If the diamster o an
The Same Signals check doss not apply  an S and Sid/Pac are in the same footprint. actuzl pad or v Woul result n 3 Brger Annur Rig, that value wi be used 1 the outer Byers.

Setting the values for the Same Signals checks to 0 disables the respective check. I the Diameter option is checked the actual pad or via diameter wil be taken into account in the inner layers, too.

Micro Vias are bing vias that are exactly one layer deep and have a dril diameter that is smaller than the Minimum Drill value
defined under Sizes (which may be overwritten by a larger Drill value in the Net céisses).

\ Ormera || Mowmenvs | | Orwena || Mpumenws
Ipumepwvr nacmpoex npasun ¢ CAD Eagle

HpOI_ICCC HaCTpOﬁKH IpaBUJI MbI U3YYUM B CICAYIOIINUX J'Ia60paTOpHLIX pa60TaX. Iloka crout
3allOMHHTDH, YTO TOYHAas HaCTpOﬁKa TEXHOJIOTHYCCKUX IMPAaBHUII MMO3BOJIACT 3HAYUTCIBHO YIIYUIIUTh U
YHOPOCTUTH 3TAll TPACCHUPOBKH.

Ha3nauenue mexnuueckux napamempos niaampl. ITO TIpolecC pabOThl ¢ IJIATOM, Kak ¢
¢busznueckuM o0beKTOM. BaxkHeHIIMMuy mapaMeTpaMu Me4yaTHOM IUIaThl ABJSIOTCA €€ JUIMHA, IIUPUHA U
¢dopMma koHTypa. Takke He CTOUT 3a0BIBATH PO TONIIUHY, KOTUYECTBO CII0EB H OCOOCHHOCTH KpETekKa.
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B nacaj€ BCC 3TU CBOMCTBA JIydme Ha3HA4YUTh Cpasy, OAHAKO, NHOI'Ja MOXXHO MCHATH HCKOTOPLIC U3
HHUX BO BPEMsI KOMITIOHOBKH 3JICMCHTOB.

RIBR17 R16
Rl D R

6o oTPL J6

-
-
p=ey
poy
==
==
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b=y
—
==
—
=
==
=
=

ARRRRRRRARNNY
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R4EEMNRS
- a o

- -
" ak O

N -
e

iy L2 J2
33331 20001080

Tleuamuas nnama co CiOHCHbIM KOHmMYypom

S

Komnonoska paouoinekmponnsix znemenmos. Ha nanHom sTame HEOOXOAMMO BHIOpaTh
camMoe OINTUMAalbHOE IOJOXKEHHE KOMIIOHEHTa Ha NedaTHOM Iuiare. [[is 3TOro cTouT yuecTb
¢byHKIMOHATBHBIE 0cOOeHHOCTH U3 T3, ero rabapuThsl, HanOoJee MOAXOIAILYI0 OYYIIYIO0 CTPATEr U0
JUI TPacCUPOBKH, TEIJIOBbIE U mpoune (usmueckue spdextol. [Tomumo sToro, ecim gaHHOE
YCTPOMCTBO OyAeT coOHpaTbCcs BPYUYHYIO, TO CTOMT YYWUTBIBaTh M TO, HAaCKOJbKO YAOOHO Oyner
YCTaHOBHTDH M 3amasTh TOT paguodIeMeHT. [Iporecc KOMIIOHOBKH SIBISCTCS] BaKHEHIIMM IIaroM B
pa3paboTke MiaaThl. B mmpokom cMbIciie, OH TakXkKe oIpeieNieT ypOBeHb 3HAHUN U HaBBIKOB HHKEHEPA.

Huxe npuBeneHs! nprMepsl XOPOLIETo U IJIOXO0r0 BEIOOPA MOJI0KEHUH 351eMeHToB. 111 00oux
Clly4yaeB €CcTb HE00XOAMMOCTh B OCOOEHHOM TIOJOXKEHHU CEMHU CErMEHTHBIX HWHAMKATOPOB U
TPacCUpPOBKHU Ha OJJHOM cj0e€. JJopoKKM KpacHOTO I[BETA M03KE 3aMEHST EPEMBIUKH.

B nepBomM, «rpaBHIIBHOM» IPUMEPE, TPUIIIOCH JOCTUTAaTh KOMIIPOMHUCCA MEXK/1Y COKpaIlleHUEM
YHCIIa EPEXOHBIX OTBEPCTHI U OTHOCUTEIHPHO CHMMETPHUYHBIM TTOJI0KEHUEM DJIEMEHTOB. B nTore Hu
OJIMH IMYHKT HE BBINOJHEH HJAEaNbHO, OJHAKO, O0INas KapTWHA YCTPOWCTBA BBITJISAUT JOCTATOYHO
ACTETHYHO.

Bropoif ke mnpumep TMOKa3bIBaeT, HEYJAYHOE PACHOJOXKEHHE MHMKPOCXEM U JIPYTHX
paauosneMenToB. [lnata Tak M ocTajack HEJOTPACCUPOBAHHOM, T.K. YK€ HapyIIWja HEKOTOphIe
MYHKTBI TEXHUYECKOTO 33/1aHusl.

B Oyaymumx mabopatopHbIx paboTax Mbl 03HAKOMHMCSI C OCHOBHBIMH TEXHHKAMH M TIPABUJIAMH,
a TaKXKe ¢ HEKOTOPBIMU XUTPOCTSIMU IIPU KOMIIOHOBKE PaJIOeTaleH.
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Ilepguiti npumep. Tpaccuposka mampuduHou K1asuamypol

FEENE 74HC1O0N
v Vv v v a

Bmopou npumep. Tpaccupoexa L;uqbpoeoeo mawwepa

Tpaccupoeka neuammuwvix naam. KpaliHuii 3Tan TPOEKTHPOBAHUS, 3aKIIOYAIOIIUIiCA B
OTIpeJIeJIEHUH PACIIONIOKEHHsI IPOBOJHUKOB Ha IuiaTe. Bece paboThl, BHIMOIHEHHBIE 10 3TOTO MyHKTA,
OTIPEJIENIIOT KOHEYHYIO YCIIEITHOCTD Pa3BOAKH AIIEKTPUUYECKHX CBsA3el. OTHAKO, TpacCUpysl IEUYaTHYIO
IIaTy, CTOMT YJENIATh 0co0oe BHHMMAaHUE CTpaTerusM BeleHHs gopoxkek. Ilomumo BbIOOpa
ONITUMAIILHOTO TYTH, 3TO MOXET OBITh IIMPHHA TPOBOJHIKA, OCOOCHHOCTH COEIWHEHHS, HACTPOHKa
MOJIUTOHOB M MHOTo€ jApyroe. Jlydie Bcero 3Ty TeMy pacKpbIBalOT COBPEMEHHBIE MPOMBIIIJICHHbIH
crangaptsl IPC-7711C-7721C u IPC-A-610F.

20



o[D14
o)

- g
Beoenue ouggepenyuanvuvix nap Tpaccuposka cuinoswix 1uHULl

3naxomcTBo ¢ CAD EAGLE. Hacrpoiika unrepdeiica nporpaMmsl.

CAD EAGLE - sto mporpamMmHOe o0ecriedeHue Uil aBTOMATHU3AlUM TPOCKTHPOBAHUS
JIEKTPOHUKHU, KOTOPOE MO3BOJSET pa3paboTyMKaM ME4YaTHBIX IJIaT CO3JaBaTh pPaJMO3JIEKTPOHHbIE
YCTPOMCTBA PA3JIUYHOM CIOKHOCTH.

IIpy OTKpBITUM HpOTrpamMMbl Mbl BUJAMM KOHTPOJIbBHYIO MaHelb. Co3gaTh MPOEKT MOXKHO
koMmannon @aiin >> Hoewvii >> Ilpoexm. [lo ymonuanuio oH OyAeT cO3/1aBaThCsi B pasielie
nokymenToB B manke EAGLE/projects. Dtor myTh MOXXHO u3MeHUTb Onyuu >> Kamanoeu >>
Ilpoexmui. HaxxumaeM Boiopams v BbIOMpaeM HYXHbBIN IYTh Ui cOXpaHeHus. Teneps npu co3gaHuu
HOBOT'O IIPOEKTa OH OYJIeT OTKPHIBAThCS B HA3HAUEHHOM MecTe. 3eJieHas KHOIKA CIIpaBa OT Ha3BaHMS
OTBEYAET 32 BKIIIOUEHHE/OTKITFOUEHHUE MTPOEKTA.

[TonnpoGyem co3naTh mnpuHIMNUanbHylo cxemy. IIKM no npoexmy >> Hoewvii >>
Dnexmpuueckan cxema. Cpasy COXpaHsieM ITyCTOH JTUCT. MOKHO BEPHYTBCS - == oo ——- -

B KOHTPOJIbHYIO MaHEIb U YOeAUThCs, YTO (aiflyl cXembl MOSBUIICS B Marke HOBLIM_npoekt
npoekta. Jlns ymobcTBa cpasy OTKIOUMM HeHyxHble okHa — ITKM no B testSCH.sch
sepxneii nanenu >> Buixn. Sheet, Inspector, Design Manager, Selection = =~ ™~ " -
Filter, Texcmuot komano, Simulation. Bxiounm cetky u ycraHoBuM B Helt 3Hauenue 0.1 inch. Ctuib
HacTpanBaeM IO cBoeMy ycMmoTpeHuto. Ilapamerp Paszmep oTBeuaer 3a
MacmTad CeTKu. MHocokpammubili —IOTIOTHUTENBHBIA MHOXUTENb TS

L=+ 1 T |

macitaba. Alt — mepexiodaeT Ha BTOPOH PEIKHM CETKH. & ﬁ Y
Wntepdeiic CAD EAGLE paGoraer mo TakoMy NpHHIUIY, YTO B Sy Ty
p— 060 MOMEHT CeTka
= Grid — (-2
BpEMEHHU BBl [ =

BBINIOJIHSIETE TOJIBKO
) ) ) ) OJIHYy KOMaHIy. OTO
(#) Bin (_) Beikn () Touku () Munmm O3HAYaeT, YTO JJs COBEPIICHUS Pa3HBIX
JNEUCTBUM Hal OOBEKTOM CXEMBl HYXKHO

OyleT KaXIbpld pa3 TEepPeKITIuUaThbCs MEXKIy KOMaHIaMmH. [lOHBIH
CIMCOK KOMaH/ BBl BUANTE Ha JeBOM maHen. [1o yMomuaHuio BeIOpaHa oo oo

Shift+Ctr+A _ Add
Shift+Cerl+C  Copy

koMaHga Group, mo3BOJSIONIAs BBIACISATh HYKHBIE AJIEMEHTHI CXEMBI. iy

Jns oskonomuu BpemeHu B Eagle mpeaycMOTpeHBI «XOTKEH». s o
[IpocmoTpeTsh, a Takke MOMOJIHUTh UX CITMCOK MOKHO KOMaH10M Onyuu i 05
>>  Haznayums.  YtoOBI . pazo0pathCs ¢ KaKI0M 100aBUM oS NEweRoue

CeTka CTWNb

Shift+CtreG  UNGROUP
Cl  Info

Ha cxeMy mapy omeMeHToB. + , Jlmsosrtoro Beiompaem Add Part. — ==goee

Ciri+M  Move
A+l Net
Shift+Ctrle_ Name

ok [ Hosit ][ vewewsme | vaamwre |[ omeda
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Ilepen HaMu OTKPBIIIOCH OKHO OMOIMOTEK paanodineMmenToB. Hammmewm B [loucke *74HCO8N*
1 100aBUM Ha CXEMY JIBE YaCTH 3TOH MUKPOCXEMBI.
Bce neiicTBus Hazt 37IeMEHTOM MPOU3BOJATCS Ye€pe3 KPECTHK B IIEHTpe Hero. COBCeM MPOCTHI KOMaHIbI
HOSICHATh HET CMbLIA, [OITOMY IOTOBOPHM O Oojiee CIOKHBIX H HeoOxomumbix. Komanma Info

OTOOpANACT B OTAGIEHOM OKHC oo

CBCIACHHMA O JaHHOM KOMIIOHCHTE H —_—

Name
¥ Fdxx-eu

¥ 74*08

J4HCO8N

Managec
Eagle Pc

NO3BOJIIET MX peraktupoBare. Add a +
Design Block - nmobaBasier roTOBBIE
CXEMOTEXHHYECKHE pEIICHHsS B  Ball

Mowck B3

[v] Pads
*74HCOBN*

CBsI3€H, UI1 KOHKPETHOTO YCTAaHOBJICHUSI KOTOPBIX JOTIOIHUTEIBHO MPUIACTCS
UCII0JIb30BaTh KoMaHay Label n Ha3HauaTh Kaxaoe COCAMHEHUE BPYYHYIO.
Taxxe Label ncnone3yercst st cokpaiieHus: KoiauuecTBa rpaguyeckux CBs3eu,
MIOCKOJIbKY 3Ta KOMaHJa SBIISETCS aHainoroM Komauiael Net, mpu ycTaHOBKH
OJIMHAKOBBIX MMeH. O0a mpuMepa COeTMHEHNH CTIpaBa Ha KapTUHKAX aHAJIOTUYHBL. ST
[To ymo4aHUIO SIEKTPUYECKHE CBSA3M HE 3aMBIKAIOTCA NMpH nepecedeHusx. s B__s |
TOr0, YTOOBI YCTAHOBUTH TO COCAMHEHHE, UCIIONIb3yeTCsl Komanaa Junction. Jlis

[v] Smds

[v] Onucanmne

npoekt. Net mo3BoNIeT  yCTaHOBUTH
ANIEKTPUYECKUE CBS3M MEXKIy NUHAMH &~ \
aneMeHToB. BUS ke pgo00aBiser IIHHY '

yctaHoBKM  mapametpa  umenu  (Designator)

¥

® # Name DIIEMEHTaM, a TaKXKe Ha3BaHMSA JIDMOJIOB U HEKOTOPHIX

68 [l SiResuts  APYTHX TAapaMETPOB HCIOJIb3YETCs KOMaH/a Name.

80l simProbes ~ 11A3HAYCHHME IMapamMeTpa KOMIIOHGHTA — 3TO Value.

90 Modules Knomka Replace mo3Bosisier 3aMEHUTH BBIOpAHHBIN
® oL I  Nets 9JIEMEHT Ha Apyroi u3 oubmmoreku. Gateswap meHsier
@® o2 [l Busses MECTaMH JIB€ BBIOpAaHbIC YACTH OJHON MUKPOCXeMbI. B

Sl rins HameM ciaydae Mukpocxema 74HCOS comepxut B cebe 4 «BeHTHIS» - 4
® 9l Symbols snementa «M». Komanna Invoke qaet moctyn Ko BceM 4acTsM COCTOBHOTO
® 95 [  names KoMmroHeHTa. Jlamee 6 HIDKHUX KOMaHI HY>KHBl HCKIFOUUTEIBHO JUIS
® % Wl Values paboTsI ¢ rpaduueckoii gacTrio okyMmenTa. Knonka ERC (Electrical Rule
® 7Hl o Check) o00byHO  HCHOJB3yeTCS TpPHU  3aBEpIICHUH  pabOTBI ¢

%81 Guide MPUHLUIMAIBHOW CXEeMOW. B OCHOBHOM CTOMUT NPHUCIYIIMBATHCS K €€

3aMCYaHHAM.

Cepxy, cnmeBa oT Cemku HaxXOIWTCAd KHONKA HACTPOMKH CIOEB. 37€Ch BBl MOXKETE
BKJIIOYaTh/OTKJIIOYATh HCO6XOI[I/IMI>IC CJIOM U UBMECHATH UX IIBET. PGKOMGHI[yeTCﬂ YCTAaHOBUTH CJIOU, KaK
MOKa3aHO HAa KapTUHKE cipasa. /3 nux Ha3BaHMil BIIOJIHE SICHO, KTO 32 YTO OTBEYAET.

Teneps MOKHO paccMOTpeTh MOy b Eagle, orBeuaromiuii 3a paboTy C MeYaTHBIMU ILTATAMH
(PCB). st 5TOr0 HAO’KMEM Ha KHOMKY . Kak MOYKHO 3aMETHTh, Ha TUIaTe MOSBUIACH HaIlla MUKPOCXEMa

¢ anekTpudeckumu cBsizsimu. B PCB E MOJyJIe TaKkXe PEKOMEHJIYETCs
Inspector,

OTKJIIOYUTH

Design Manager, Selection Filter u

Texcmbt Komano. BKIIOUMM CETKYy M INEPEMECTHM MHKPOCXEMY B YIoJl
KOHTypa miaTel. Kak MOXHO  3aMETUTb, OpaH)KEBBIE  JIMHUM,
OTpaHUYMBAIOIME T[E€YaTHYIO IUIaTy MOXKHO CBOOOJHO HAacTpauBaTh
nepeTackuBaHueM. Takke, Ha 3TOM CJI0€ MOXHO PHCOBAaTh IPOCTBHIMHU

reOMEeTPUYECKUMHU (PUTypaMu, € MOMOIIBI0 KOTOPBIX JOCTATOYHO IMPOCTO CO3AAaTh KOHTYp JIH00O0I

CJIOKHOCTH.
[Mepeiinem k 3HaKoMcTBY ¢ komannamu PCB. Komanaer Route-rpymmsr paboTaroT ‘1 .;K,

C DJICKTPUYECKHMH CBS35IMH YK€ Kak ¢ (U3MUYECKMMH JIOpOKKaMu Ha Iuiate. Route

Airware — koMaH/a Ui BEJACHUs MPOBOIHKUKA. Ripup — yaanenue npoBoaHuka. Fanout — b ‘_;L'

OTHOCHTENbHO HoBasi GpyHKiws B Eagle. [To3Bomnser 3amaBarh yrnpoIIEHHYIO CTPATHTHIO

CO3JIaHMsl OJHOTHUIIHBIX JOPOXKEK M MEepPEeXOJHBIX OTBEpCTHH B OoibpIIMX Mpoekrax. Autorouter —

YTUJIUTA aBTOTpaccUpoBIIMKa. Jlj11 ee KOpPpeKTHOW paboThl HEOOXOAMMO MpPaBHIBHO 3a/aTh

napameTpsl. MBI elie KOCHEMCSl 3TOr0 MHCTPYMEHTA B CIIEAYIONUX Ja0opaTopHbIX padorax. Eciu BeI
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Pa3sBOAUTE IUIATY BPYUYHYIO, CICAYCT 3allyCTHTh ABTOTPACCHPOBKY C ICJIBIO dHaJIM3a BAPHUAHTOB,
PEKOMCHAOBAHHBIX KOMIIBIOTCPOM.

Komanna Via 100aBUT Ha IUIaTy MEPEXOAHOE OTBEPCTHE Ul HEPEMELICHUs IPOBOSIICH
JIOPOKKU Mexy ciosimu. Hole ycranoBut npocroe otBeperre. VX OTaMYKe JIUIIb B TOM, YTO «BHACY,
KaK U JH000H MPOBOJHUK HAa CXEME UMEET MPUBS3KY K OIpe/lesIeHHON 1eny. MeTanu3aius OTBepCTHs
MO3BOJISICT AJICKTPUYECKOMY TOKY IMPOXOIUTHh CKBO3b CJIOM Ha rwiate. Polygon, cooTBeTcTBEHHO,
pasMmeraer pU3N4YEeCKuil MPOBOJAIIMN MOJIMIOH Ha OINpeNesIeHHOM cioe Iuiathl. OH Takke JO0JKEeH
OBITH MPHBSI3aH K ONPEICICHHON 3JeKTpuUecKoil nenu. Yaie, 3T0 «3eMisiHash IeNb WIA «MHUHYC».
Ratsnest mo3Bossier 0OHOBIIATH BUJ MEYaTHOH IUIAThl. JTa KOMaHa CTAHOBUTCSA IOJIE3HOM, KOT/1a BbI
YK€ «3aWIN» IUIaTy I[OJIMTOHOM W HM3MEHWJIM IOJIOKEHHE, NOOABUIM WIM YJAIWIM KaKyr-JIn0o
nopoxky. Ioxanyi, 1i1s Hee CTOUT J00aBUTh TOPAYYIO KIaBUILY.

Ciiou pekoMeHayeTCs YCTaHOBHTh, Kak IOKa3aHo cieBa. 10p u Bottom - nBa riaBHBIX
MEXaHUYECKUX CII0sl Jopoxkek Iuiatel. Cion ¢ 2 no 15 3ape3epBupoBanHbl. M3 3TOro MOXKHO caenaTh
BeiBOJI, uTo CAD Eagle ymeer onHoBpemMeHHO pabotaTh MakcuMyM ¢ 16-Tu cioitHbiMu miatamu. Pads

— cJIOM 17151 MMHOB (HOXKEK) paanodieMeHToB. MiIMeHHo k Hemy B Oynyuiem Oyzaer
® teme  TIPOU3BOAUTHCS MAsUTbHBIA MOHTa)X KOMITOHEHTOB. ViaS — CIIOW ISl TIEPEXOIHBIX

1;= gsgmm 0T_BepCT_m“1. Ha Unrouted mokasans! elie He pa3BeI€HHBIEC DIIEKTPHUCCKUE CBSI3H.
® 7 pacs Dimension - UCKITIOYXTENBHO MOJIB30BATEIbCKUI CIIOU, CIYKaIlUi JUIsl HAHECEHUS
® 4H v  TEXHOIIOTHYECKHX Pa3MepoB. Jlamee CTOMT cKaszaTh, 4To mIpucTaBku t- u b-
© 200 pmenson  YTOUHSIIOT OTHOIICHUE K MEXaHUUECKOMY CJIOKO, 8 BOBCe He ero Tuil (top- u bottom-
® 2W wke ) Place — menkorpadus Ha IUiaTe, UCKIIOYUTEIBLHO Kak PUCYHOK. HampoTus,

O] 22 bPlace
s Names u Value, taxxe SBISIOTCS CIOSMH IIeNKOrpaduu, OJHAKO CIyXKar s

teepost HAHECEHMS  IMO3UIIMOHHOTO  OOO3HAa4YeHHMs W IapamMerpa  KOMIIOHEHTa,
peest - coorsercTBenHo.  Ha Origins  pacrmosiararoTcs  OCHOBHBIC  IICPEKPECTHS
brestir PAJIMOKOMITOHEHTOB, Oy1arofapsi KOTOPbIM, MOXHO ITPOM3BOAUTh B3aUMO/IEHCTBHE C
;F:Ii:t”ct Humu. Crou Keepout BeICTynaroT CBOEro poja 3anpeTHbIMU 30HAMM IS KaKnX-
s JIM00 OOBEKTOB, KPOME CaMOT'0 TEKCTOJINTA U MasIbHOM Macku. Restrict Toxe cinoii-
‘M wing  OrpaHUYUTEIh, TOJIBKO pab0OTaeT OH UCKIIIOUYUTEIHHO /IS aBTOTpaccupoBika. Ha
Holes pacrnionosxxensl Bce MexaHuueckue otBepcTusi. CTOMT OTMETUTh, uTo B Eagle mpenycmorpenHo
CO3JIaHHE MTPECETOB JJIS CIIOEB B COOTBETCTBYIOIIEM OKHE.

Cnpasa Bbl MOXeTe HaiiTi Bkiaaakun Manufacturing u Fusion 360. Dtu HHCTPYMEHTBI HYKHBI
JUTSL KOHTPOJISL peajbHOTO BHUJIa YCTPOUCTBA. Y HEKOTOPBIX KOMIIOHEHTOB B OUOIMOTEKaX ecTh ux 3D-
MO/JIEJIBKH.

ITo 3aBepiieHHH TPACCUPOBKH TLIATHI CTOMT BOCmo30BaThest nHCTpyMeHToM DRC (Design Rule
Check). Jlns oToro HakMHTe Ha KHONKY Ha TaHENd  ,  MHCTPYMEHTOB M HallJIHTE €ro
BBEPXY CIIpaBa. ITOT WHCTPYMEHT HEOOXOIUM JUISI IPOBEPKHU yCTPOHCTBA B pamKax
JIEKTPUUECKUX MPABUI, O KOTOPBIX MBI TOBOPUIIN PaHee.

Jlns 3aBepiieHust paboTel HeoOXxoauMo co3aath Gerber-daiinbl meyatHOM MIATHL. DTO MOYKHO
CclienaTh KHOTKOM . &

I'otoBo! Co3nannas HaM{ IIeyaTHas IulaTa Telepb TOTOBA I NMPOW3BOJACTBA U
xpanuTtcs B creaepupoBanaom CAD Eagle zip-apxuse.
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OcTanpHble TapaMeTphl IEYaTHOMN IUIAThl MOXKHO U3YUHUTh NIEPENU/I HA CAliT KUTAHCKOTO
npousBoautens _https://jlcpcb.com.
OxHo Hacmpoex npu omnpaske niamol Ha NPOU3E00CME0

Base Material FR-4 y Aluminum
Lavers 1 2 4 6
J < A
Dimensions 99.95 * 54.61
PCB Qty 5 0w
Different Design 1 2 3 4
A
Delivery Format Single PCB y Panel by Customer Panel by JLCPCB
PCB Thickness 04 0.6 0.8 1.0 1.2 1.6 y 2.0
PCE Color ® G reen , @ Furple @® Red Yellow @ Blue White @ Black
Silkscreen White y
Surface Finish HASL(with lead) y LeadFree HASL-RoHS ENIG-RoHS
Outer Copper Weight 10z y 20z
Gold Fingers No Yes
- p.
Confirm Preduction file No y Yes
Flying Probe Test Fully Test y Not Test
Castellated Holes No Yes
.
Remove Order Number No y Yes Specify a location

JlaGopaTopHast paboTa OyzaeTr 3a4TeHa, eciiu CTyAeHT Habeper munumym 50 Gamnos. U3
BCEX 3aIUIaHUPOBAHHBIX JTA00PATOPHBIX padOT CTyNEHT 0053aH BHITOTHUTH He MeHee 80%.

Ilepeyenr KommeTeHUUH (YaCcTH KOMIIETCHUMI), IPOBePsieMbIX OLECHOYHBLIM
CPeaCcTBOM:

OIIK-4 — cnnocoOHOCThIO UMETh HAaBBIKM CaMOCTOSITENIbHOM paboThl HA KOMITBIOTEPE U B
KOMIIBIOTEPHBIX CETAX, OCYILECTBIIATh KOMIIBIOTEPHOE MOJEIMPOBAHUE YCTPOMCTB,
CUCTEM M IIPOLIECCOB C MCIOJB30BAHUEM YHHUBEPCAIbHBIX IIAKETOB IIPUKIIAJHBIX
KOMITBIOTEPHBIX ITPOTPAMM: YMETh BBINOJIHATH aJITOPUTMBI U IPOrPAMMHUPOBAHUE.

4.2 @oHI OUEHOYHBLIX CPEICTB /IJIA1 TMPOBeeHHS TPOMEXKYTOUHOM
aTTecTaluu.
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@OHJ OLEHOYHBIX CPpCACTB JId IIPOBCACHUA HpOMﬁ)KYTO‘IHOfI aTTcCTalnu
COACPIKUT KOHTPOJIbHBIC BOIIPOCHI AJIA ITIOATOTOBKHU K 9K3aMCHY.

4.2.1 Bompochbl, BBIHOCHMbIe Ha 3JK3aMeH B 1-M cemecTpe N0 JAMCHHMILINHE
«CucTteMbl aBTOMATH3HPOBAHHOTO MPOEKTHPOBAHUSY ISl HAIPABJICHHUS ITOATOTOBKHU:
11.03.01 PaguorexHuka.

Konmponupyemsvie komnemenyuu: OIIK-3, OIIK-4.

1. [TakeTl ~MaTeMAaTHYECKOTO  MOJCIHUPOBAHMS M  CXEMOTEXHUYECKOIO
npoekTupoBanus. JloctonncTa u Hepoctatku coBpemeHHbIX CAITP.

2. IlocTpoeHne pa3HOCTHBIX CXEM YHCJIEHHBIX METOJOB aHajlu3a CUCTEM U
YCTPOUCTBPAANOTEXHUKH CBSI3U.

3. TOYHOCTB ¥ YCTOMYMBOCTD YHUCICHHBIX METOJIOB.

4. IloctpoeHne MaTeMaTHYECKUX MOJENIEN PaJUOTEXHUUECKUX LIETIEHN B ITAKETax
aBTOMAaTHU3UPOBAHHOTO aHAJIU3A.

5. MeToa nepeMEeHHBIX COCTOSIHUM.

6. MeToapl ONTUMH3ALMN [TAPAMETPOB MOJIEIIEH CUCTEM U YCTPOUCTB.

7. CiocoObl onucaHus 1eneBoil GyHKIuu. AITOpUTMBI TOMCKA MUHUMYMa (QyHKITUH.

8. Monenu paauodJeKTPOHHBIX KOMIIOHEHTOB. MeHTH(UKanus mnapamMeTpoB

MOJEIIEH.

9. MHCTpyMEHTaNnbHAs NTaHENb, CO3AAHUE MOJENEH, NEPEBO MOEIH, TapaMeTPhI
MOJICNIMB criennann3upoBanHom nakere EAGLE.

10. YucneHHBIC METOIBI, pEATM30BaHHbBIC B CieHAIM3UpoBaHHOM makeTe EAGLE.

11. Untepdeiic mporpammbr EAGLE, ocobGennocTn BbIBOJA  JaHHBIX,
MpEeACTaBICHUEPE3YIbTATOB, SKCIIOPT U UMIIOPT PE3YyJIHTATOB.

12. O6paboTKa 3KCIIEPUMEHTAIBHBIX pe3ybTaToB B nporpamme EAGLE.

13. Onucanue o0bekTOB MozenupoBaHus B nporpamme EAGLE. CpoiicTBa
00BEKTaMOJICTTUPOBAHUSI.

14. TIpuHIMIBI JEKOMITO3UIMU CUCTEM ITPU MOJIETUPOBAHUMU.

15. Bb16op MeTo1a ONTUMU3ALMK U KPUTEPUH BBIXOJa U3 UTEPALMOHHOIO IIpOLecca.

16. MeToauka nNpOeKTUPOBAHUS MUKPOITOJIOCKOBBIX aHTEHH.

17. MeToauka NpOEKTUPOBAHUS PYIIOPHBIX aHTEHH.

18. MeTo/inKa NPOEKTUPOBAHUS 3epKAJIbHBIX aHTEHH.

19. ITpoexkTrpoBaHUE NEPUOIUYECKON CTPYKTYPHI.

20. Meroguka TPOEKTUPOBAHUS  MEPUOJUYECKUX CTPYKTYp Ha OCHOBE
YaCTOTHO-CEJIEKTUBHOM MOBEPXHOCTH

21. Meronuka  TMPOEKTHUPOBAHUS  NEPUOAMYECKHMX  CTPYKTYp Ha  OCHOBE

MeTaMmarepuarna.
22. S-napameTpsl ycrpoiictBa CBY. MeTo/bl onpenienenus S-napaMeTpoB.
23. [lopsiiok onTUMHU3AIUU MUKPOTIOJIOCKOBBIX aHTEHH.

Ontumusaims Mo 3JIeMEeHTaM MaTpHIlbl paccesHus (S-parameter Goal).
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Ilepeyenb kKomMmeTeHUMH (YaCTH KOMIIETEHIUI), MPOBEPSieMbIX OI€HOYHbBIM
CpeCTBOM:

OIIK-3 — cnocoOHOCTh TPUMEHATh METOJbI TOWCKA, XpaHEHUs, 0O0pabOTKH,
aHalM3a W TpejAcTaBleHUs B TpedyeMoMm ¢opmare HUHGOpPMAIMM W3 PA3IUYHBIX
UCTOYHUKOB U 0a3 JaHHbBIX, coOJojas NpU STOM OCHOBHbIE TpeOOBaHUS
nH(popManMoOHHON O€30MaCHOCTH;

OIIK-4 — cioco6HOCTh TPUMEHSITH COBPEMEHHBIE KOMITBIOTEPHBIE TEXHOJIOTUH JIJIS
MOJTOTOBKH TEKCTOBOW M KOHCTPYKTOPCKO-TEXHOJIOTUYECKON TOKYMEHTAIMH C YYETOM
TpeOOBaHUN HOPMATUBHON JOKYMEHTAIIUU.

Kputepuu oueHnBaHusi 0TBETa CTYJA€HTAa HA IK3aMeHe:

OneHKy «OTJIMYHO» 3aCIIyKUBAET CTYICHT, TOKA3aBIIHMA:

— BCECTOPOHHME U TJIyOOKHE 3HaHUs MPOrpaMMHOr0 Marepuana ydyeOHOU
JUCHHUTUINHBL; U3JI0KEHUE MaTepraia B ONPEIECICHHOMN JIOTHYECKOMIIOCIEA0BATEIIbHOCTH,
C UCIIOJIb30BAHUEM COBPEMEHHBIX HAy4YHBIX TEPMUHOB

— OCBOMBUIEMY OCHOBHYIO U  4YacTb  JOIIOJIHUTEIBHOW  JUTEpaTyphl,
PEKOMEH/IOBAaHHYIO  NPOrpaMMO#l, TpPOSBHUBIIEMY TBOPYECKHE CIOCOOHOCTH B
ITIOHUMAHUH, U3JI0KEHUHN U ITPAKTUYECKOM UCIIOJIb30BaHUN YCBOCHHBIX 3HAHUM;

— IIOJIHBIE, YETKHE, JIOTUYECKH II0CJICAOBATEIIbHBIE, IPAaBUIIbHBIE OTBETHI Ha
MOCTaBJIEHHBIE BOIIPOCHI, CIIOCOOHOCTH JI€T1aTh 0OOCHOBAHHBIE BHIBOJIBI;

— YMEHHUE CAMOCTOSITENIbHO aHAJTM3UPOBAaTh (PAKTHI, COOBITHS, SIBICHUS, TPOLIECCHI

B HUX B3aMMOCBSI3U M pa3BUTHH; C(HOPMUPOBAHHOCTh HEOOXOIUMBIX MPAKTHUECKHUX
HaBBIKOB Pa0OTHI C M3YUYEHHBIM MaTepUAIOM;

O1LeHKY «X0pOoLI0» 3aCIIyKUBAET CTYACHT, TIOKa3aBILIHIA:

— CHCTEMATHYECKHH XapaKTep 3HAaHHWM ¥ YMEHMH, CIOCOOHOCTh K HX
CaMOCTOSITEIbHOMY NMPUMEHEHHI0 U OOHOBJIEHHUIO B XOJ€ MOCJIEAYIOLEro OOy4deHHs! U
MPAKTUYECKON JeSATEIbHOCTH;

— J0CTaTOYHO TMOJHBIE M TBEPABIE 3HAHUSA NPOrPaMMHOIO MaTepuasa
JUCLUIUIMHBI, TPaBWJIBHOE NOHMMAHME CYLUIHOCTH M B3aUMOCBS3M pPacCMaTpUBAEMBIX
SBJICHUH (TPOIECCOB);

—  IOCNe[OBaTelIbHbIC, TpaBWIbHBIE, KOHKPETHBIE, 0€3  CyIIECTBEHHBIX
HETOYHOCTEW OTBEThl Ha IIOCTABJICHHBIE BONPOCHI; YBEPEHHOCTh IIPU OTBETE Ha
JIOTIOTHUTENbHBIE BOIIPOCHI;

— 3HaHHE OCHOBHOM PEKOMEHJIOBAaHHOW JINTEPATYpPbl; YMEHUE AOCTATOYHO IOJHO
aHaTM3UPOBaTh (PAKTHI, COOBITHA, SIBICHUS M MPOIECCHI, MPUMEHSATh TEOPETHUECKUE
3HAHMS MPU PEIICHUU MPAKTUUYECKUX 3a/1ay;

OLEeHKY «y10BJIETBOPHUTENbHO) 3aCITy>KMBAET CTY/ICHT, TOKAa3aBILINN:

— 3HaHUS OCHOBHOI'O MPOrPaMMHOTO MaTepHuaja MO IJUCHUIUIMHE B 00beMe,
HEOOXOAMMOM ISl  TIOCHEAYyIoIero oOydeHHs ¢ MPEACTOsIIed MpaKTUYeCKOU
JEATEIbHOCTH;

— 3HAKOMOMY C OCHOBHOM PEKOMEHOBAaHHOU JINTEPATYPOU;

— JIOIyCTHUBIIEMY HETOUYHOCTH M HApYIIECHUS JOTUYECKOM MOCIEN0BATEIBHOCTU B
U3JI0)KEHUH NPOrpaMMHOIO MaTepuaja B OTBET€ Ha 53K3aME€HE, HO B OCHOBHOM
oOnanaromieMy HEOOXOAMMBIMU 3HAHMSAMH M YMEHUSAMH JJIs WX YCTpaHEHHs NpH
KOPPEKTUPOBKE CO CTOPOHBI IK3aMEHATOPA.

— NIPOJEMOHCTPUPOBABILIEMY IPaBHJIbHbIE, 0€3 TrpyObIX OIIMOOK OTBETHI Ha
IIOCTaBJIEHHbIE BOIIPOCHI, HECYIIECTBEHHbIE OIINOKY;
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— TpPOSBUBLIEMY YMEHHE IPUMEHATh TEOPETUUYECKUE 3HAHUS K PELICHUIO
OCHOBHBIX NMPAKTUYECKUX 3aJ]a4, OrPaHUYCHHbIC HABBIKM B OOOCHOBAHUU BBIJBUTAEMBIX
NPEJI0KEHUH U MPUHUMAEMBbIX PEIICHUI; 3aTPyAHEHUSI IPU  BBINIOJIHEHUUIIPAKTHYECKHUX
paboT; HEeAOCTaTOYHOE HMCIOJIB30BAHUE HAYYHOW TEPMHHOJOTUU; HECOOIOJEHUE HOPM
JUTEPATYPHOH pEeUHn.

OneHka «Hey10BJIeTBOPUTEIbHO0)» CTABUTCS CTYJIEHTY, OOHApYKUBILIEMY:

— CyIIECTBEHHbIE TPOOENbl B 3HAHMM OCHOBHOTO MPOrPaMMHOI0 MarepHualia Io
JUCLUILINHE;

— OTCYTCTBHE 3HAHMM 3HAUYUTEIBHOM YacTH MNPOrpaMMHOIO MaTepHala;
HENOHMMAaHHE OCHOBHOI'O COJEpP’KaHUs TEOPETUYECKOr0 MaTrepHuasia; HECIOCOOHOCTh
OTBETUTh Ha YTOYHSIONIME BOMPOCHI, OTCYTCTBUE YyMEHHS HAYyYHOTO OOOCHOBaHUS
npo0JieM; HETOYHOCTH B UCIIOJIb30BAHUH HAyYHON TEPMUHOJIOTHU

— HEYMEHHUE MNPHUMEHITh TEOPETUYECKUE 3HAHUS IPHU PEIICHUU MPAKTHUYECKHX
3aja4, OTCYTCTBME HAaBBIKOB B OOOCHOBAaHUM BBIJBUTAEMBIX MPEUIOKEHUN U
MIPUHUMAEMBbIX PEIICHUII;

— JIONYCTUBLIEMY MPUHUUIHUAIbHBIE OIIMOKH, KOTOpPHIE HE TO3BOJIAIOT €My
OPOJOKUTh OOy4YeHHE WJIM TMPUCTYNHUTh K TPAKTUYECKOM JesATENbHOCTH 0e3
JIOTIOJIHUTENIbHON MOATOTOBKY MO JAHHON AUCIUILINHE.

OHGHO‘IHBIG cpeacTtBa AJisl MHBAJIUWAOB U JII[ C OIrPpaHUYCHHBIMA BO3MOKHOCTSIMU
300POBbA BBI6I/IpaI-OTC}I C YUCTOM HUX MHANBUIYAJIBbHBIX HCI/IXO(bHBH‘ICCKHXOCO6GHHOCTCfI.

— TIpU HEOOXOAMMOCTH MHBAJUIAM U JIMIAaM C OTPAHUYCHHBIMH BO3MOXXHOCTSIMH
3JI0POBBSI IPEIOCTABIISICTCS JIOMOJIHUTEIHFHOE BpEMs JJIs TOATOTOBKU OTBETA;

— IIpH TIPOBEJICHUU MPOIEAYPHI OIICHUBAHUS PE3YJIbTATOB OOYUYCHHSI MHBAIHUIOB U
JIMII ¢ OTPAaHMYCHHBIMU BO3MOYKHOCTSIMHU 3/I0POBBS MPEIYyCMATPUBAETCS UCIIOIb30BAHHE
TEXHUYECKHX CPEICTB, HEOOXOAMMBIX UM B CBA3M C HUX HHIABUAYATbHBIMH
OCOOECHHOCTSIMH,;

— IpH HEOOXOTUMOCTH I OOYYaroIIUXCsS ¢ OrPaHUYCHHBIMH BO3MOXKHOCTSIMH
3JI0pPOBbSl U MHBAJIUIOB MPOIICypa OLCHUBAHUS PE3yIbTaTOB O0YUEHUS MO JUCIUILIHHE
MOJKET MPOBOJAMUTHCS B HECKOJILKO 3TAIIOB.

[Mponienypa oOIEHWBaHUS pPE3YJIbTATOB OOyUYCHHWS WHBAJIUAOB W JIAI C
OTrPaHUYCHHBIMUA BO3MOXHOCTSIMH 3I0POBbS 10 TUCIMILINHE (MOYJIIO0) ITPEIyCMaTpUBaeT
npeaocTaBieHue nHpopmaruu B hpopmax, aganTHPOBAHHBIX K OTPAaHHUCHHUSIM UX 37J0POBbSI
Y BOCTIPUSATHS HHPOPMAITHH:

JIJ1s1 I C HAPYIIICHUSIMU 3PCHHS:

— B Ie4YaTHO# (hopMe yBEIMYEHHBIM MIPU(TOM,

— B hopMe AIIEKTPOHHOTO IOKYMEHTA.

JIJis1 JTAIL C HAPYIICHUSIMU CITyXa:

— B IIeYaTHOM opme,

— B popMe AIIEKTPOHHOTO TOKYMEHTA.

JIJIst U1 ¢ HApYIICHUSIMHU OTIOPHO-IBUTATEILHOTO aIlapara:

— B 1e4aTHoil opme,

— B )OopMe AIIEKTPOHHOTO IOKYMEHTA.

JlaHHBI TIEpeYeHb MOXET OBbITh KOHKPETH3UPOBaH B 3aBUCHMOCTH OT
KOHTHHI'CHTa 00yYarOIIHXCS.

5. IlepeyeHb OCHOBHOW ¥ [JONOJHHMTEJbHOW Yy4YeOHOW JHTepaTyphl,
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He00X0UMOM 1JIsl OCBOCHHS TUCIMILIUHBI (MOIYJIs1).

5.1. OcHoBHas JUTEpaTypa.

1. KonorpusoB, B.A. OcHOBbl  aBTOMaTU3UPOBAHHOIO  MPOEKTHUPOBAHUS
PaIMO3JIEKTPOHHBIX YCTPOUCTB : yueOHoe mocodue / B.A. Konorpusos. - Tomck : Tomckuii
rOCYJapCTBEHHBIN YHUBEPCUTET CHCTEM YIPABICHHUS U PaguodieKTpoHuku, 2012, - Y. 1. - 120
c.[Dnekrponnsiii pecypce]. - URL: http://biblioclub.ru/index.php?page=book&id=209006

2. KomorpuBoB, B.A. OcCHOBBI  aBTOMaTH3UPOBAaHHOTO  IPOCKTUPOBAHUS
PaINO3JIEKTPOHHBIX YCTPOUCTB : yueOHoe mocodue / B.A. Konorpusos. - Tomck : Tomckuii
rOCYJapCTBEHHBIN YHUBEPCUTET CUCTEM YIIPAaBICHHS U paguo3iekTponuky, 2012, - Y. 2. - 132
c.; To e [DnexTponusiii pecypc]. - URL: http://biblioclub.ru/index.php?page=book&id=209002

3. Kucens, H.H. OcnoBsl komnbroTepHoro nmpoektuposanus POC CAITP CBY : yueGHoe
nocobue / Kucens H.H. ; FOxub1it dhenepanpubiii yauBepcuter. — Taranpor : M3aparenbcTBo
HOxHoro ¢enepanpHoro ynuBepcurera, 2016. — 196 c. [Onekrponnsii pecypc]. - URL:
https://hub.lib.sfedu.ru/repository/material/800757479

5.2. lonoJHuTeALHAS IUTEPATYpPA.

1. Kucens H.H. Dnexrpoannamuueckoe MoAeIUpoBaHue aHTEHH U ycTpoiicte CBY B
nakere FEKO: Yuebnoe nocobue/ Taranpor, Poccusi: Uzn-so TTU OOV, 2010 [DnekTpoHHBIN
pecypc] https://hub.lib.sfedu.ru/repository/material/800751489

2. Tpyxun M. II. MatemaTideckoe MOJECIUPOBAHUE PAIMOTEXHUUECKUX YCTPOMCTB U
cucreM: naboparopHslii mpaktukym / M.IL. Tpyxun - ExkarepunOypr: M3marenbcTBo
VYpanbckoro YHUBEPCUTETA, 2014. — 192 c.
http://biblioclub.ru/index.php?page=book&id=276007

3. buprokos B. H., [Tumunenko A. M. MeToabl MOJAEITHPOBAHUS PATHOIICKTPOHHBIX
KOMITOHCHTOB U YCTpoHCTB [Tekct] : MoHOTpadus : [ Hayd. paOOTHUKOB, HH)KEHEPOB H CTY/I.
By30B]/ FO®Y, UTA, UPCYVY, Kad. TOP. - Poctos #//] : U3a-Bo FODY, 2014 (Taraupor). — 168
c. http://ntb.tgn.sfedu.ru/NS/NS_SK0111234.pdf

4. buproxoB B. H., [Iununenko A. M. /luarHocTuka 31€MEHTOB PagHMOTEXHUYECKUX
nenei: yde6. mocobme - Tarampor : WM3p-eo TTU OOy, 2011. - 52 c.
http://ntb.tgn.sfedu.ru/UML/UML _4729.pdf

5.3. llepuoguyeckue n3aaHus
1. PagnorexHuka: Hay4HO-TeXHUUECKUH KypHail - M.: Pagunorexnuka, 1946 — 2021.
2. PannoTexHHKa U 3JEKTPOHUKA: HAYYHBIHN *KypHai. - M.: Hayka, 1958 — 2021.
3. MaremaTtuueckoe MoJieTupoBaHKe: Hay4dHbIi KypHai. - M.: Hayka, 1990 — 2021.

6. MeToauyeckue yKazaHus JJIsl 00y4aroIMXcs 0 0CBOCHUIO IMCHUIIMHBI (MOTYJIs).

Jlekuust siBAsieTcs OgHOW M3 (OpM HM3YUYEHHsS] TEOPETUYECKOro Marepuaia Iio
TUCHMIUIMHE. B XoJe NeKIMOHHOTO Kypca NPOBOIUTCS H3JI0KEHHE COBPEMEHHBIX
HAYYHBIX MMOJXOJI0B M TECOPHH. B TeTpaam /uisi KOHCTICKTUPOBAHUS JICKIIUH HEOOXOIUMO
UMETH TOJIsI, TIE 110 XOIy KOHCTIEKTUPOBAHUSA AETAIOTCSI HEOOXOIUMBIE MOMETKU. 3aliCH
JIOJDKHBI OBITH M30MPATEIbHBIMU, TIOJHOCTHIO CIIEAYET 3aIMCHIBATh TOJIBKO OMPEIEICHUSI.
B KOHCHEeKkTe TPHUMEHSIOT COKpPAIICHHE CJIOB, YTO YCKOpSET 3amuch. Bompockl,
BO3HUKAIONIKE B XO/IC JICKIINH, PEKOMEH TyeTCsI 3aITUCHIBAThH HA TIOJISIX U MTOCIIE OKOHYAHUS
JeKIMH 00paTUTHCS 3a Pa3bsICHEHUEM K IpenoaaBaresio. Heo0xoaumo akTHBHO paboTaTh
C KOHCIIEKTOM JIEKIIMU: TOCT€ OKOHYAHUS JIEKIIMH PEKOMEHIYETCS MEePEeYUTaTh CBOH
3aIlUCH, BHECTH MOMPABKU U JJOTIOJTHEHUSI.
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OnHUM M3 OCHOBHBIX BHJIOB JESTEIBHOCTH CTYJEHTA SIBJISIETCS CaMOCTOSATEIbHAs
pabora, KoTopas BKJIIOYaeT B ceOs H3ydeHUe JIEKIIMOHHOTO MaTepuala, y4eOHUKOB U
y4eOHBIX MOCOOMH, MOATOTOBKH K BBIMOJHEHUIO JTAOOPATOPHBIX pabOT U 0OPMIICHHUIO
TEXHUYECKHX OTYETOB MO HUM.

Metoauka ~ camMOCTOSITENbHOM ~ pabOThl  MpPEABAPUTENBHO  PA3bICHIETCS
IPENnoJaBaTeieM U B IMOCIEAYIOIIEM MOYKET YTOUHSATHCS C YYETOM HMHAMBHUAYAIbHBIX

0COOEHHOCTEMN CTYIEHTOB (PEKOMEHIAINH Pa3MEIIEHbI B 3JIEKTPOHHON MH(OPMALIMOHHO-
obpazoBaTenbHOU cpene MoaynbpHoro Jluaamudeckoro O6yuenus Kyol'Y —  paszgen
«OCHOBBI  3JIEKTPOHUKI»
http://moodle.kubsu.ru/course/view.php?id=681). Bpems u MecTOo CaMOCTOSTEIHHOI
paboThl BBHIOMPAIOTCS CTYyJACHTAMU IO CBOEMY YCMOTPEHHIO C y4E€TOM pPEKOMEHIAllHii
npernojaBaTesiss B BUJIE IUIaHA CAMOCTOSITENIbHOM paboThl cryaeHTta. [lmanupoBanue
BPEMEHM Ha CaMOCTOSTENbHYIO paboTy, HEOOXOJMMOTO Ha U3Y4YEHHE HaCTOSIIEH
JUCUUIUIMHBI, CTYJIEHTaM JIy4llle BCETO OCYLIECTBISATh Ha BECh CEMECTp,IIpeycMaTpuBas
IIPU 3TOM PETYJIIPHOE TOBTOPEHUE NMPONAEHHOTO MaTepuania.
CaMocToaTenpHy0 padoTy HaJ AUCHUILUIMHOMN CeayeT HaYMHATh C U3yUYEHUs IPOTrPaMMBl,
KOTOpasi COJEP>KUT OCHOBHBIE TPEOOBAHUS K 3HAHUSM, YMEHUSM M HaBBIKAMOOYYaeMBbIX.
OO0s3aTenbHO ClIEAyeT BCIOMHUTH PEKOMEHAALMM IpernojaBaTeisi, JaHHbIE B XOJE
YCTAaHOBOYHBIX 3aHITHH. 3aT€M CIIEYET IPUCTYNATh K U3YUYEHHUIO OTAEIBHBIX PA3EIIOB U
TEM B MOPSAIKE, IPEIYCMOTPEHHOM MPOTPAMMOM.

[TonyuuB mpencTaBieHrue 00 OCHOBHOM COJIEpKaHUM pasjiera, TEMbl, HEOOX0IUMO
U3YYHTh MaTepual IO TeMe, W3JIOKEHHbIH B yueOHHMKe. llenecooOpa3HoO cocTaBUTH
KpaTKUW KOHCTIEKT WU CXEMY, OTOOpa)arollyld CMBICI M CBS3U OCHOBHBIX IOHSTHI
JAHHOTO pa3jiefla U BKJIOYEHHBIX B Hero TeMm. OOs3aTeNbHO CcleAyeT 3aluchbiBaTh
BO3HMKILME BOIIPOCHI, HA KOTOPBIE HE YAAIOCh OTBETUTh CAMOCTOATEIIBHO.

Heo0xouMo M3y4uTh CIHCOK PEKOMEHJIOBAHHOW OCHOBHOW W JOMOJHUTEIBLHOMN
JUTEPaTypbl U YOETUTHCS B €€ HATMYUU B JIMYHOM IIOJIb30BAHUU WJIU B MOAPA3ICICHUSIX
OuOIMOTEKH B OYMaXKHOM WJIH JIEKTPOHHOM BHJie. BCI0 OCHOBHYIO y4eOHYIO TUTEpATypy
JKEJIATeNbHO M3y4daTh C COCTaBJICHMEM KOHCIIEKTa. UTeHue JurepaTypbl, HE
COIPOBOXKIAEMOE KOHCIIEKTUPOBAaHUEM, Majo pe3ynpTaTuBHO. llenp HanucaHus
KOHCIIEKTa IO JAMCUUIUIMHE — C(OPMHUPOBATh HABBIKM IO MOUCKY, OTOOpY, aHAIU3y U
dbopMynUpOBaHUIO YYEOHOr0 Marepuanga. OTH HaBBIKM O0s3aTENbHBI ISl JIOOOTO
CHelMaJNCTa C BBICIIMM OOpa30BaHMEM HE3aBUCHUMO OT BBIOPAHHOTO HaIPABIICHUS.
Hanucanue koHcekTa JOMHKHO OBITh TBOPUYECKUM — HYKHO HE MEPENUCHIBATH TEKCT U3
VMCTOYHHUKOB, HO IIBITAThCS KPATKO M3JIaraTh CBOMMHM CJIOBAMM COJIEPYKAHUE OTBETA, IPU
TOM MaKCHUMAJIbHO €T0 CTPYKTYPUPYS U UCIOJIb3YsI CHMBOJIBI M YCJIOBHBIE 0003HAYCHHS.
KonupoBanue u 3ayunBaHre HEOCMBICIEHHOTO TEKCTa TPYIOEMKO U MO OOJIBIIOMY CUETY
HE MMeEeT MO3HABaTEJIbHOM M MpPaKTHUeCKOW LeHHOCTH. IIpu paboTe HaJ KOHCIEKTOM
0053aTeNIbHO BBISBISIIOTCS M OTMEUAIOTCSl TPYJHBIE ISl CAMOCTOSITEIbHOTO HM3y4YeHUs
BOIPOCHI, C KOTOPBIMH YMECTHO OOpPaTUTHCS K MPENOAABATEINIO MPU MOCELUIEHUH 3aHATUN
U KOHCYJbTAIMil, TMO0 B MHAWBUIYaIbHOM Topsiake. [Ipu ureHnn y4eOHOM U HAy4dHOU
JUTEpaTypbl HEOOXOIMMO BCETAA CIEIUTh 38 TOUYHBIM U MOJIHBIM TOHUMaHUEM 3HAYCHUS
TEPMUHOB U COJAEPKaHMs MOHITUH, UCIIOJIB3YyEMBIX B TEKCTE. Beeraa ciieyer yroyHsaTh
3HAYEHHUS IO CIOBAPSIM WUJIM SHIIUKIONEAUAM, IPU HEOOXOAUMOCTH 3aMHCHIBATb.

K  nabGoparopusiM  paGoTam  cieAyeT  MOJITOTOBUTHCA  MpPEIBAPUTENIBHO,
03HAaKOMUBIIIUCh C KpaTKoW HO chenuduyeckoi Tteopuei pasmernieHHo B Cpene
MopynbHOrO JuHnamuueckoro OOyuenus Kyol'y
http://moodle.kubsu.ru/course/view.php?id=681.
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HenocpencrBeHHass mOATOTOBKAa K 3K3aMEHAM  OCYUIECTBIIETCS IO BOIIPOCaM,
NpE/ICTaBJICHHBIM B JaHHOW y4eOHON mporpamMme AMCHMIUIMHBI. THIATENbHO H3y4HTe
(bOpMyYIUPOBKY KaXKI0TO BOIIPOCA, BHUKHHUTE B €r0 CYyTh

B ocBoeHMM IMCIMIUIMHBI HWHBAJIWJAMM M JMUAMH C OTPAaHUYEHHBIMU
BO3MOKHOCTSIMHM 3J10pPOBbsl IIPEAYCMOTPEHBI UHIUBHUYaIbHbIE KOHCYJIbTAl[UU, TaK Kak
00JIbIIIOE 3HAUEHNUE UMEET KOHCYJIbTaluu. IHIUBHUIyanbHbIE KOHCYIbTALIMH IO IPEAMETY
ABJIAIOTCSI Ba)KHBIM (PAKTOPOM, CIIOCOOCTBYIOIIMM WHAMBUAYaIU3aUud OOy4eHHS U
YCTQHOBJIEHUIO BOCIMTATEIBHOIO KOHTAKTa MEXIY IpernojaBaTeieM M O0y4aroluMmcs
VHBAJIAJIOM WIH JIMLOM C OTPAaHUYCHHBIMU BO3MOXKHOCTSIMHU 370POBBS.
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7. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHH, UCNOJIb3YEMbIX NMPHU OCYIIECTBICHUH
00pa30BaTeJILHOIO NMPoLecca Mo AMCHUILINHE (MOYJII0).

7.1 IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA.

— KoHcynbTHpOBaHHE MOCPEICTBOM 3JIEKTPOHHOMN MOYTHL.
— Hcnonp30BaHue 31€KTPOHHBIX Mpe3eHTanuil Ha caiite Moodle KyoI'y.

7.2 TlepeyeHb HEOOXOAMMOT0 MPOTPAMMHOIO0 00ecneyeHnsl.

1.Omnepanronnas cucrema Microsoft cemeiictea Windows (7/8/10), B pamMkax mporpamMmMel
kommanuu Microsoft “Enrollment for Education Solutions” nmjissi KOMIBIOTEpOB U CEPBEPOB
Ky6anckoro rocy1apcTBEHHOIO YHUBEPCUTETA U €T0 (DHUITHATIOB.

2.0ducHerit maket npunoxeruit MS Office.

7.3 IlepeyeHb HH(POPMALMOHHBIX CIPABOYHBIX CHCTEM:

1. DnexTponHas 6ubmmoreka FOPAWT: www.biblio-online.ru
2. DnekTpoHHO-OnbOIMoTeuHas cucrema JIAHbD: https://e.lanbook.com

9. MaTepI/laJILHO-TeXHI/I‘leCKaﬂ

0aza, HeoOXxoamMasi I  OCyLIeCTBJICHUS

o0pa3oBaTe/IbHOIO Npouecca Mo AMCHHUILINHE (MOLYJII0).

No B paGot MatepuaibHO-TEXHUYECKOE 00eCTIeYeHHE TUCIUTUIMHBI
(MOmymsl) M OCHAILIEHHOCTD

1. JlexuvoHHble 3aHATUA | JIeKIIMOHHAs ayauTOpUsA, OCHAIICHHAS MPE3CHTAIMOHHON
TEXHUKOM (TMPOEKTOp, HKpaH, KOMIBIOTEP/HOYTOYK) U
COOTBETCTBYIOIIMM MporpaMMHbIM obecnieueHuem (I10)
JUTs BOCHpoM3BencHUs (aiioB (opmara jpg u avi.
JloCTaTOYHBIM KOJMYECTBOM T0caodHbIXx MecT (Ne201C,
Ne315C)

2. [IpakTuueckue AynuTtopusi, OCHAlleHHas MPE3EHTAMOHHOM TEXHHKOMN
3aHATUA (mpoexTop, JKpaH, KOMIIBIOTEP/HOYTOYK) u

COOTBETCTBYIOIIUM IporpaMMHbIM obecnieueHueM (I10) (Ne
201C, Ne 315C)

3. JIaGopaTtopHbie AynuTopus, OCHAallleHHash MPE3EHTAlMOHHOW TEXHUKOU
3aHATHUA (mpoexTop, JKpaH, KOMIIBIOTEP/HOYTOYK) u

COOTBETCTBYIOIIUM IporpaMMHbIM obecnieueHueM (I10) (Ne
212C, No207C)

5. ['pynmoBeie [Tomemnienne ¢ 1OCTATOUYHBIM KOJIMYECTBOM IOCATOUYHBIX
(MHAVBUYATTHHBIC) MECT U MeJIOBOM Wi MapkepHoi qockoit (Ne201C)
KOHCYJIbTAIlU!

6. Texkymmii  KOHTpOJb, | [loMemeHne ¢ JOCTaTOYHBIM KOJIMYECTBOM MOCAJOYHBIX
IIPOMEXYTOYHAsS mecT (Ne201C)
aTTeCcTalus

7. CamMocTosTeabHas Kabuner myis camocToATeNnbHON pabOTHl, OCHAIICHHBIN
pabota KOMITBIOTEPHOU TEXHUKOU C BO3ZMOXHOCTBIO MOJKIIOUEHUS K

cetu MHTEpHET, 00€CTIEUeHHBI OCTYIIOM B JJIEKTPOHHYIO
nH(OPMAIIMOHHO-00pa30BaTENBHYIO CPEAy YHUBEPCHUTETA
(No208C)
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