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1. OcHOBHBIE XaPAKTEPUCTHKHA MPOrPaMMbl

COOTBETICTBHE
1podecCHOHANBHEIM CTaHapTaM

CooTBeTcTBHE
KBaTH (PUKATTOHHBIM
TpeOOBaHMUAM

Kareropus cinymaTesei

Cpox o0y4aeHHs
®opma oOyueHMs

ITporpamMma COCTaBI€Ha C YYETOM npoderammapra 40.016
«mxerep B 007acTH IPOESKTHPOBAHMA H CONPOBOXKICHUA
HHTErPATBHBIX CXEM H CHCTEM Ha KPHCTAILIEY, YTBEPKACHHOIO
nprKa3zoM MEHHCTEPCTBA TPY/Ia U COLMATBHON 3alliTEl Poccun
ot 11.04.2014 roma Ne2411.

IIporpaMma COCTaBI€HA C y4ETOM IIOCTAHOBJICHH Munrtpyna
Poccuu ot 21.08.1998 Ne 37  «OOmeorpacneBrie
KBaTA(QHKAIlHOHHEIE XapaKTEPUCTHKH IOJIKHOCTEH
pabOTHHKOB, 3aHATBIX HA TPEANPUATHAX, B YUPSHACHHAX U
OpraHH3alMsX» M Npukaza MIH3IPABCONPA3BUTHA PO or
11.012011 Ne 1u (8 penm [Ilpukasa Mumtpyma PO ot
25.01.2023 Ne 391) «O6  ytBepxmeHnun  EmmHOrO
KBaJTH(HIKALHOHHOTO CIIpaBOYHHKA IOJKHOCTEH
PYKOBOJWTENEH, CHIENHAIUCTOB M  CIYXAIUX», Ppas/Clbl
«KpammprranmoHHEIE XapaKTEPUCTHKH JOTKHOCTEH
PYKOBOIHUTENEH M CIEIHAIMCTOB BBICIIETO npo¢eCcCHOHAIBHOTO
1 ONONHATEIEHOT0 MPo(ecCHOHANBHOI0 00pasoBaHmmD)

Jluma, WMEIOIHE WM IONyYarollie BBICIICS MJIM CPEAHEE
npodeccroHanpHOE 00pa3oBaHUe

72 qaca

Ounas ¢ IPpUMEHCHHEM OACTAHITHOHHBIX TEXHOIOTUH

2. lless peaam3amuy OpOrpamMmel: (OPMHUPOBAHHE IPEACTABICHHS O COBPEMEHHBIX
MeTonax paspaboTKM TMPOBBIX YCTPOHCTB Ha 0Oase NPOTPaMMHPYCMBIX JIOTHYCCKHX
unterpambabx  cxem  (IUIMC) ¢ IpEMCHEHHEM TEXHOIOTHH  aBTOMAaTH3HPOBAHHOIO
[IPOEKTHPOBAHASA M S3BIKOB ONWCAHHA 3JIEKTPOHHBIX CXCM, OCBOCHHC podeCcCHOHAIBHBIX
KOMIeTeHIMl, HeoOXOIMMBIX Ui BBIIONHEHHSA CIEIYIOMUX BHIOB npodecCHOHANTBHOH
NEATENFHOCTH B PAMKaX MMEIOIIeHCs KBATH(PHKAIHH:

- AHATH3 TeXHAYSCKOTO 3a/aHus, IIAHKPOBAHIE STALIOB paspaboTKy IMH(POBOro yCTPOHCTBA
Ha Gase TIJIMC u BHIGOP COOTBETCTBYIOLICH 3IEMEHTHOH 0a3sl Ha OCHOBE IIpUIaraéMou
TeXHHUECKON JOKYMEHTAIH, TI03BOIMOMEN 3 GEeKTHBHO PEITMTE IIOCTABICHHYIO 3a/d4y,

- CXeMOTEXHHYECKOe MPOEKTHPOBAHHE IM(POBEIX YCTPOHCTB M MX y3JIOB Ha 6aze [UIMC B
crcTeMe aBToMaTH3mposanHoro mpoextuposanus (CAIIP) ¢ mpuMeHEHHEM rpau9ecKux
ompcanuii CXeM M s3bIKa omucannd ammaparypsl VHDL, GyHKIEOHAIBHOE MOICIAPOBAHHE
W OTIamKa pa3pa0OTaHHBIX CXeM C IPUMCHEHHEM CHMYJATOpa, OTJIa[OYHON IIIATEL,
ocrmmtorpada 1 JOrHYeCKOro aHajli3aTopa;

- U3zyuenme, HACTPOWKA M HMCIONB30BAHHE B NPOSKTAX TOTOBBIX cxeMoTexundeckux IP-
670KOB, IIO3BOISIONIEX COKPAaTHTh BPEMs IPOCKTHPOBAHWS W CHHM3UTH CTOMMOCTR
pa3pabOoTKH;

- IIpoToTHm¥poOBaHKE, OIEHKA XapaKTEPUCTHK pa3paboTaHHOTO YCTPOHCTBA U POPMHPOBAHUE
TeXHUUeCKOH IOKYMEHTAIMM [0 pe3yibTaraM [POSKTHPOBaHMS C TPUMCHCHHCM
poamoxkrHocteii CAIIP;



3. TpeGoBaHus K pe3yabTaTaM 00y4eHHs
Crymarenb, OCBOMBIIKE MPOrpaMMy, J0JDKEH:

3.1. ObnagaTh CISAYIONHUMY KOMIETEHITHIMMU:

CriocoGHOCTBI0 pa3pabarhiBaTh KOMIIOHEHTE! IIPOrpaMMHO-ANIIApaTHRIX KOMILIEKCOB
o6paboTky wmHGOPMAIMM M ABTOMATH3HPOBAHHOIO IPOCKTHPOBAHHA (OIIK-6, ®I'0C
09.04.01);

Croco6HOCTEI0 aJAlTHPOBATh 3apyOekHEIC KOMIIIEKCHI o6paborkr mHbOpMAIHU U
ABTOMATH3MPOBAHHOTO IPOEKTHPOBAHHS K HYXJIaM OTCYCCTBEHHBIX npennpustaii (OIIK-
7, ®T'OC 09.04.01);

CriocofuocThi0  (OPMHPOBATh TEXHHYCCKHE 3aflaHusi H ydJacTBOBaTb B paspaboTke
anmapaTHEIX ¥ (WIM) IPOrPaMMHBIX CPEICTE prrumciuTenbaoi Texnuku ([TIK-3, ®T'0C
09.04.01);

CriocoOHOCTEIO IPHMEHSTH IEPCIIEKTHBHBIE METOBI PETICHHA Ipo(eCCHOHANBHBIX 3a1a4
Ha OCHOBE 3HAHWS MHPOBBIX TEH/CHIWI PAasBUTHA BbIUHCIHTENLHOW TEXHHKH U
nrdopmarmornbx Texsomorui (TIK-4, @I'OC 09.04.01).

3.2. 3HaTh:

MHpOBBIE TEH[ICHIMH pPa3BHTHA BHIYUCIHTENPHOW TEXHUKH M HH(QOPMAIHOHHEBIX
rexmosoruii B korTekcte [JIMC, Tunst coBpemeHHBX [IJIMC, 0c0OSHHOCTH apXUTEKTYPBI,
CpAaBHMTENLHBIC XapaKTEPUCTHKH, NPEMMYIIECTBa M HENOCTaTKH KakKIOTO THIIa, Chepsl
NPEMEHEHHUS U CIIEKTP PermaeMbIX 3a71a4;

HazHaueHue oTnanodnoit miatel Spartan-3A Starter Kit # cocTaB € KOMIIOHEHTOB;

pois CATIP B mpomecce IPOSKTHPOBAHMS nubposex yerpoiicte Ha IIJIMC, cocras
HasHageHme ocHoBHBIX nHCTpyMenToB CATIP ISE WebPACK 14.7, ux 0JTH30BATENbCKHM
prTepdeiic, OCIe0BATENFHOCTE H COLCPIKaHIe ITAll0B MapIIPyTa HPOCKTHPOBAI,

COBPEMEHHBIE TEXHOJOTHE aBTOMATH3HPOBAHHOIO MPOSKTHPOBAHKA IMEKTPOHHBIX CXCM
Ha IUJTAC, BKMOYas ONHCAHHE CXeM TIpaduuecKuM crocobom u Ha a3pike VHDL,
npuMenenre [P-GII0KOB B MPOEKTaX, OCHOBEI MPOCKTHPOBAHMA CXEM KOMOHHALIMOHHOH
JOI'HKE H KOHEUHBIX aBTOMATOB, MPOCTHIX MHKPOIPOLIECCOPOB H MHUKPOKOHTPOILICPOB,
Tpe/ICTaBIeHue CIIOKHEIX MH(POBBIX CHCTEM B Pa3lM4HBIX BHJAX TPEACTABICHIL H HA
Pa3HEIX YPOBHSX abCTpaKIuu yist OGNEryeHys Ipouecca IpoeKTHPOBAHHA;

TEXHOJIOTHH MOJAEIHPOBaHKA, OTIaIKH H BGpHQ)HKa.U,HI/I INEeKTPOHHBIX CXCM;

OCHOBHBIE cpeficTBa u neMeHTEl A3pika VHDL, Takue Kak CpeficTBa 3a1aHns HepapxXuH U
TapajiyieNii3Ma BBIIOTHACMBIX meficTBul, mHTEpdEHc U apXUTCKTYPY CXEMBI, CTPYKTYDPY
VHDL-omucanuii HCXOMHEIX W TECTOBBIX MOMTyINei, TakeTOB U OHONHOTEK, 0COOEHHOCTH
[OBEIEHIESCKOrO M CTPYKTYPHOIO CTHIIA OIHCAaHHs CXEM, fasoBEle TApalIeNbHEIE H
HOCJIEIOBATENBHEIE OIIEPATOPEI, ONIEPALIHA U THIIBI TaHHBIX]

HopsAgoK paboTBl €O CIIPABOYHOH H TeXHWYeCKOH MOKyMeHTamuel, Kacaromeics
pa3paboTKi MH(POBBIX YCTPOHCIB Ha [UIMC, B ToM uYMClIe C IOKyMEHTalied Ha
WHOCTPAHHOM A3BIKE, HOPAIOK (POPMUPOBAHHA TEXHHYECKHX 3a[aHKi, OTYETOB H JPYTHX
HeOOXOMUMBIX JTOKYMEHTOB C HCIOTE30BAHHEM CPEICTB CAIIP gna mpoekToB Ha Oase
[TJIAC.

3.3. VMeTh:

dopMHpOBATH TEXHHYECKHE 3a/laHHd H y4acTBOBATEH B pa3pabOTKe anmapaTHEIX CPEICTB
BBIYHMCITHTENEHON TEXHUKH;

ocymecTeIATh BEIGOp MuKpocxemsl TIJIMC ¢ TpebyeMbIMA UL 5 (HEKTHBHOTO PEIICHHA
NOCTABIEHHOM 3a/1a49y IIapaMeTPaMH;

wrcTaumpopats mucTpubyrus CAITP ISE WebPACK 14.7 Ha KOMIIBIOTEP, YCIEIIHO
IPOXOIUTE TPOLEAYPY JHIEH3HPOBAHHSA, BBIIOHATD mactpoiiky CAIIP juist pemeHus



IIOCTaBJICHHBIX 3a1a9;

e CO37ABATh HOBBIE IPOCKTHI, [I0GABISTH B MPOEKT W PEAAKTHPOBATH MOMY/IHM MCXOIHOIO
OIMCAHYS, BEIIONHATh HX CHHTE3, (YHKIHOHATHHOE MOJEIUPOBAHNE X MMINICMEHTALHIO,
MOMCK W yCTpaHeHWe BO3MOXKHEIX OmmO0K, (OpMHPOBATH OuToBEIl (aln H
nporpaMmuposaTs uM Kpuctamt [IJINC;

® OIMCHIBATL KOMOWHALIMOHHBIE M IIOCIENOBATCIBHOCTHBIC CXEMBI Ha S3BIKE VHDL B
[OBEIEHYSCKOM M CTPYKTYPHOM CTHIIE, & TAKKE CO371aBaTh (baiiuIbl TECTOBBIX BO3/IEHCTBUH,
[TOJIb30BATENHCKHAE TAKETH H OUOIHOTEKH,

e 06aBIATH B IPOEKT M HACTPAMBATDH allapaTHbIE ¥ IPOIPAMMHLIC [P-6n0KH;

o BLIIONHSTH OTIAAKY X BepudHKAMIO paspabOTAaHHBIX CXeM HH(POBBIX yCTpOHCTB €
HCIIONE30BAHAEM OTIAJOYHON IUIATR, 1ubposoro ocmunorpahga H  JOTHIECKOTO
aHAIN3aTOPA;

e OICHHBATH AaIllapaTHBIE 3aTPaTBl PECYpCOB KpHCTAILIA TIJIMUC, OBICTPOIEHCTBHE U
sHepromoTpelieHre i - paspabOTaHHBIX — CXEM, GopMHUpOBaTE  HEOOXOAHMYIO
TeXHHYECKYIO JOKYMEHTAIHIO ¢ IToMompio cpeacts CAIIP ISE WebPACK 14.7;

e ananTUpoOBaTh BRPY6C}I€HBIG KOMIUJIEKCEI AaBTOMAaTH3HPOBAHHOTO IPOCKTHPOBAHHA K
HyKJaM 0TCYCCTBEHHBIX HpeI[HpH}ITHﬁ.

3.4. BnameTs:

e HABEIKAME KPHTHYECKOIO AHAIM3a M CHCTEMHOIO IOAXOMa Ui yCICIIHOrO PEIICHMA
[OCTABJIEHHBIX 337184 B chepe paspaboTKu MH(POBEIX YCTPOHCTB Ha IJIUC;

e CpeNCTBAMH ABTOMATH3MPOBAHHOTO NPOSKTHPOBAHMA OIIEKTPOHHBIX CXEM HA OCHOBC
TUIMC dupmsr Xilinx u naseikamu paGote 8 CATIP ISE WebPACK 14.7;

o COBDEMEHHBIMH TEXHOJOIHAMH CXEMOTEXHHYECKOTO NPOCKTHPOBAHMA, TAKAMH KaK
OIMCAHHE SIEKTPOHHBIX CXeM rpadudeckuM CrmocoboM ¥ Ha  SI3BIKS VHDL,
HepapXU9ecKoe MHOTOYPOBHEBOE —MPOSKTHPOBAHME, OBICTPOE NPOCKTHPOBAHAC  C
npuMeHeHEeM roToBbiX IP-6mOKOB, paspaboTka H - HCIONB30BAHME B IPOCKIC
MHKPOIIPOIECCOPHEIX apXUTEKTYD;

o HABEIKAMH CO3JAHHMS, MOICIMPOBAHHS, OTIANKH M BepU(HKALMH INCKTPOHHBIX CXeM Ha
ocrope TUIMC dupmer Xilinx ¢ mpumenennem cpencts CAIIP ISE WebPACK 14.7,
cumyssTopa ISim, ornagodsol matsl Spartan-3A Starter Kit, mudposoro ocuuiiorpada
¥ JIOTHYECKOTO aHaJIA3aTopa,;

o HaBHIKAME (OPMUPOBAHHS TEXHHUECKHX 3a/[AHUH M yJacTus B pazpaboTKe ammapaTHbIX
CPEJICTB BBIYMCIIUTENIHHON TEXHUKH, paboTEl ¢ TEXHHYECKOH JOKYMEHTAlHeH Ha PyCCKOM
M HHOCTPAHHOM $I3BIKE;

4. ComepixaHHe IPOrpaMMbl

Kanenpapublii y4e0nbIi rpaduk
OGpasoBaTeNbHEL IPONECC IO TPOrpaMMe MOXKET OCYIICCTBIATRCA B TEUCHHE BCETO
KaJIeHJapHOTO TOJIA.

Yacos Ob1mas MpoIOKHTEILHOCT POrpaMMBl

®opma o0yHeHus &
P e B JICHb (mHei, HeNlenb, MECAIEB)

Oynas ¢ IpUMEHEHHEM
IMACTAHITHOHHEIX 4 3 Mecqana
TEXHOJIOTHH
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Pasnein 1. Beenenne B npoextuposande Ha IIJIAC (8 4.).

1. O630p oTnamouHOR IIATH! Spartan-3A Starter Kit u CAITP ISE WebPACK 14.7. Pons TIJIMC
B IIpOIEcCe MPOEKTHPOBAHHS MH(POBEIX ycTpoHcTs. IIpuMepsl TpAMEHEHHS [JMC =
TpakIaHcKol u BoeHHOH chepe. O630p HCIOMBE3YEMOH JIHTEPaTyPBL.

2. Knaccupuxamus u spomormsa [IJIMC, 0coOeHHOCTH apXHTEKTYphl PA3HBIX THIIOB I[UIUC u
CPABHUTENBHbIE XapAKTEPHCTHKH, ChEphl NPUMEHEHHS. APXHTEKTypa IUIAC tunma FPGA
XC3S700A dupmer Xilinx.

3. Cocra u HasHadenne muctpymentoB CAIIP ISE WebPACK 14.7, mocnenoBaTenbHOCTD U
CONEP/KAHHME OTANOB  MAapIIpyTa IPOEKTHPOBAHHUS, IPENOCTABIAEMBIC — BOIMONKHOCTH
IPOEKTUPOBIIHKY.

Pazpnen 2. IlpoexkTupoBanHie KOMOMHANMOHHOH JJOTUKH H 0CHOBBI A3bIKA VHDL (8 u.).

1. Cosmamme npoexta B CAIIP ISE WebPACK 14.7, nobapieHye MOIyJIeH HCXOQHOIO ONHCaHN,
0630p CXEMOTEXHMYECKOTO peakTopa M OubIHOTEKH rpaUyecKux NPHMHTHBOB, cOOpKa
KOMOHHAIIMOHHON CXeMBI B IpaduueckoM pefakTope, 1o0aBieHHe ¥ PeaKTHPOBAHHE (hatina
TOMOJIOrMYECKUX M BPEMEHHEIX OTPAaHHYECHMH MPOSKTa, KOMIAIALMSA TPOCKTa H obpaboTka
BO3HUKAIOIIHAX OIMHOO0K, TeHepartis OuToBoro Qaiia U IMOIydeHHE OIEHOK almapaTHEIX 3aTpaT
¥ GslcTpopeitcus cxembl. [lpommeka kpucramna ITJIMC GutoBbM ¢aiinom, oTIamKa u
TECTHPOBAHUE CXEMEI Ha OTJIa/JOYHOH IUIaTe.

2. 3nakoMmcTBo ¢ ssbikom VHDL, crpykrypa VHDL-ommcanus, 0030p OCHOBHBIX CPEICTB H
snemenTtoB s3pika VHDL, cpaBHenue rpadudeckoro crnocoba ONHCAHHS CXeM NPHAMCHEHHCM
A3BIKOB OMWCAHHMS ammapartypsl, 0630p pemakTopa VHDL-koza, omucanne Ha A3BIKS VHDL
IPOCTEIX KOMOHHALFOHHBIX CXeM, (QYHKIHOHAILHOE MOJCTHPOBAHHE CXEM B CHMYJATOPE
ISim, GopmupoBanre daiiia TecTOBBX BosaekcTeni Ha VHDL.

Paspen 3. IlpoexTHPOBAHME FeHEPATOPOB HCTHHHO CTYYaiHBIX H NCEBIOCTYIAHHBIX YACeT (8
4.).




1.

IIlyMEl B MONYIPOBOJHWKAX KAK HCTOYHMK OSHTPOIHMH, IPHUHIAIEL paboTHl  KOJBIEBOIO
reHepaTopa, HAKOIUIEHHS ¥ H3BICYCHHS OSHTPOIHH, dopMupoBaHHS MOCIIEA0BATEILHOCTH
WCTHHHO CIydalHBIX YHCeN, 00X0J alrOpUTMOB ONTHMH3AKH CATIP u yuer ocoOeHHOCTEH
apxutektypst [1JIMC mpyu peanmsanyu ['MICY Ha updpoBbIX dIIEMEHTaX 3a[ePKKH.

Cpasrenue [TICY ¢ TMCY. Buibop NpMMHTHBHOIO IOJHHOMA M OTPEICICHHC CTPYKTYPEI
PCJIOC mns I'TICY, pacdeT cOCTOSHHME reHeparopa B IpOrpaMme Excel, onucaHue CXEMBI
I'TICY ma s3pike VHDL, dynxnuonansaoe Mofemupobanne VHDL-omicanus CXeMbl ITICH u
IIpefICTaBICHHE €ro B BUAE QYHKIMOHABHOW CXEMEI B Gasuce snemenToB kpucramia IIJIUC,
OIICHKA aIlapaTHBIX 3aTPaT Ha PEealn3alliio B KPHCTAIIC [C.

Paznen 4. IlpoekTHpoBaHHEe KOHEYHBIX ABTOMATOB (20 ).

L.

Ipuamnun paGoTEl SHKOZEpP, AHAIM3 BPEMEHHBIX AMAarpaMM CHTHAIOB, IOCTYIAKMUX OT
3HKOZEpa ¥ (opmupoBaHHe TpeOOBaHUH K unTepdeiicy dmneTpa. KomupoBanue BXOIHBIX,
BEIXOJHEIX CHTHAIOB ¥ COCTOSHHH KOHEYHOro apromara MMM, ONpeeneHHe TabNHYHEIX
dyHKIHi Mepexo0B H BEIXOIOB, MUHUMM3AIHUS NEPEKITIOUATEIBHBX (yHKIMH 1epexooB
BEIXOIOB MeTozoM KapT Kapuo. COopka cXeMbl KOHEIHOTO aBToMaTa At bunprpa 3HKOIEPA B
rpadHUeckoM PefaKTOpe, CO3[aHKe HOBOrO IPMMUTHBA I CXEMOTEXHHIECKOTO penaxkTopa Ha
OCcHOBE Tpa)MgecKOro OIMCAHMS CXEMBI, TECTHPOBaHHE paGoTel (HIBTPAa HA OTIAAOIHOH
TiaTe ¢ IpEMeHeHueM [EdpoBoro ocnumorpagda.

[TopeneHyecKHil W CTPYKTYpHBIM CTHIM OIMCAHHS CXEM, MHOroobpasue BapHAHTOB
OBEJIEHYECKOr0 OIMCAHHS, TIONCK, AHAIM3 H YCTPaHEHHE OIIHOOK B VHDL-xoze, co3iaHue
HOBOTO NPUMUTHBA JTII CXEMOTEXHHYECKOTO PENaKTopa Ha OCHOBE VHDL-onucaHus CXEeMBI,
TecTHpoBaHMe pabOTHl (GWIBTPa HA OTJIAZOYHOM TIaTe C IPUMCHEHHEM 1 poBOro
ocmmmnorpada. CpaBHEHHE aNNaparTHbIX —3aTpaT PEecypcoB  KpHCTa/Lia [IMC  ma
rpadEEecKoro crocota OnUcanus CXeMbl QHIBTPA ¥ OTHCAHHSL eé ma s3pike VHDL.

IIpuEipn paboThl KHOIKHM H BOSHEKAIONMH SQdexT npeGesra KOHTaKTOB MpPH HaXaTHH U
OTIIYCKAHWH KHOIIKH, aHAIH3 BPEMEHHEIX JHarpaMM CHIHANIOB HA BXOJC M BBIXONE TaCHTCIL
npebesra U (opMHpoBaHHE TPeOOBAHHM K €ro urTepdeiicy. OmmcaHHe CXEMBI TacHTENs
npebesra rpaduueckuM crocoboM kak aBromMara Mypa, yIpaBILTIOIIEro TajfiMepoM Ha OCHOBE
KacKama W3 CUETIHKOB, C TPHMEHEHHEM TEXHOJIOTHH HepapXH4ecKOro MHOIOypOBHEBOTO
npoextupoBanms. PaspaboTka cxembl OOGHAPYKEHHS npebGesra Ha OCHOBE PETMCTpa CHBHIA,
TecTHpoBaHMe pabOTHl TacHTeNsd Ha OTNAJOYHOH IUaTe C IPHMEHCHHEM 1 poBOro
ocnumorpada.

TToBeeHUECKOE OIMCAHME CXEMBI racHTeNs apebesra Ha A3BIKE VHDL, gopmupopanue daiiia
TECTOBEIX BO3NCHCTRBHS I CXeMbl racurens apeGesra W Moneluposanue €& pabOTEI B
cumynsarope ISim, TecTHpoBaHME PabOTHI TACHTEIL npebesra, ommcangoro Ha VHDL, Ha
OTNANOUHOM IUIaTe ¢ NpHMeHeHHeM Hudpororo ocmmmiorpada. CpaBHEHHE alIapaTHBIX
sarpar pecypcos kpucramia INTMC i rpadudeckoro cnoco0a ONMMCAHMS CXEMBI TACHTEILI 1
ommcannd & Ha s3pke VHDL.

[IpHHIKIEL [EeNEeHAS YacToT W (HOPMHPOBAHMS HMMITYIBCOB C  MOMOMIBIO CUETUYHKOB,
npoexTupoanye Ha s3eike VHDL cxeM fenuTeneil 9acTOTEL C BO3MOXKHOCTBIO 3aJJaHHBIMH
napaMeTpaME 4acTOTH H KoddduimeHTa 3amONHEHMS BBIXOAHBIX HMITYIECOB H CXEMBI
hopMHEpOBaTENS HMITYTBCOB C 3aJaHHBIMH TapaMeTpaMH JUIMTENBHOCTEH EIUHMYHON H
HyJEeBOH YaCTH BHIXOIHOIO HMITy/Tbca. QYHKIHOHAIBHOE MOJIETHPOBAHHE MOy HCHHBIX CXCM B
camynaTope 1Sim 1 TecTHpoBaHHe pabOThH HA OTNIaIOYHOM TIIaTe ¢ MIPAMEHEHHEM IIH(PPOBOTO
ocrviorpada.

Pasnen 5. IIpoexTHpOBaHNE MUKPOKOHTPOLIepoB (10 q.).

1.

IIperMyInecTBa W HEIOCTATKH MHKPOKOHTPOIUIEPOB B CPABHEHHMH C ITJIMC. ApxuTeKrypa
MHKPOKOHTpOJUTepa Ha ocHoBe TpmHIwna ¢pon Helimana, BEIOOP CHCTEMBI KOMaH/ ¥ MOJEIH
opranmsamuy mamstd. OG3op Gubmmorexu IP-Omokos CAIIP ISE WebPACK 14.7.
XapakTepHCTHKH ammapaTHbX IP-snep ONOYHOH NMaMATH RAMB16BWE. Bzaumone#cTBue
TIPOLIECCOpa C AMATHIO H BEIIOTHCHHE KOMAH 110 TaKTaM B IIPOIECCOPe.



BriGop cHCTEMEI KOMAH/l | ONHCAHHE TPOLECCopa Ha A3BIKS VHDL. Pa3pabotka mporpaMMel B
MBOMYHOM KOJI€ UL yIPaBIeHHs! CBETOAHOAMHU Ha ornamoyHoii miate. ViHTerpanus B IPOEKT
m wmactpoilka ammaparsoro IP-smpa 6rounoit mamstH RAMBI6BWE. C6opka
MHKDOKOHTPOJUIEpA M CXEMBI TECTHPOBAHMA JUIL HETO, MPOBEpKA paboTEl Ha OTNA/I0YHON
are.

Teoperudeckye CBEICHUS O 3BYKE. BrI60p HCIONB3YyeMBIX HOT H ONHCAHHME HA S3BIKE VHDL
reHepatopa HONM(OHMYECKHX 3BYKOB Kak  Kackaja CUETYMKOB C  Pa3sTHIHBEIMH
xoaduienTaMy  TIepecdeTa. ConpsikeHwe  MHKPOKOHTpOIEpa C  I€HCpaTOpoM
O/H(pOHHYECKIX 3BYKOB. BBIOOp MENONHY M HAIMCAHWE HPOrpaMMEL B JIBOMYHOM KOZE JUIT
MEKpOKOHTporwiepa. CGOpka CXeMbl MPOrpaMMHUPYEMOTO  ICHEpAaTopa 0/ (OHTIECKUX
3BYKOB, IPOBEpKa e& paboThl Ha OTIATOYHON IIATe C HCIIONB30BAHMEM IHHAMHKA.

Pasnen 6. IIpoeKTHpoBaHHe aNNMAPATHLIX IPABEPoOB (8 0.).

1.

0630p CTAaHIAPTHOH KOMIIBIOTCPHOH KIIABHATYPEI C urTepdeticom PS/2. Cocras ¥ Ha3HAUCHHE
BEIBOJIOB pazbema mini-DIN. ObMeH JaHHEIMH 110 untepdeiicy PS/2 u popmar nepefaBacMoro
ciMBona. Ommcamme Ha s3pike VHDL cxembl o6paboTdMka CHMBOJIOB, HCIONB3YIOIICTO
JBOMHYIO CHEXpoHu3anuo. GopMupoBaiye (aiia TECTOBBIX BO3CHCTBHM ¥ (PYHKIHOHABHOES
MOJCITAPOBAHAE CXEMBI 00paboTYKMKa CHMBOJIOB B CHMYIIATODE. [IpoBepka pabOTHI CXEMBEI
06pafoTYMKa CHMBOIOB HA OTIAfOYHOM IIATe C MCHONE30BAHHCM KIaBUATypel H
ocrmutorpada.

COBEITHS, BOIHUKAIOLIE TIPH HAKATAH ¥ OTIYCKAHHA OOBIMHBIX M JIOMOTHHUTENBHEIX KIABHLI
KOMIIBIOTEPHON KiaBuaTyprl. KoaupoBaHHE pasiv<ibIX cobnTuil HabopaMH IepelaBacMBIX
cumBornoB. @opmmpopanne rpada IepexofoB KOHEYHOTO aBToMara [Uni obpaboTurka
coberuit. Omucanme cxemsl 06paGoTarka cobsruil Ha s3eke VHDL. dopmriposaHne (aiia
TECTOBBIX BO3IEHCTBHH M (QYHKIHOHAIBHOE MOJICITHPOBAHAE CXCMBI ob6paboTunka coObITHH B
cuMmymaTope. IIpoBepka pabOTEI CXEMBI o6paGoTumka COOBITHH HA OTNAJOYHOM IIATe C
HCIIOMB30BAHIEM KIIABHATYPEI H OCIIEILIOrpada.

Pasgen 7. lIpoekTUpOBaHHE ANNAPATHO-NPOrPAMMHEBIX apaiisepos (10 =@.).

1.

I[IpeuMyInecTBa  AaMapaTHO-IPOrpaMMHBIX peammzanyif Hepell  alNapaTHEIMH. O6mue
cemerms o cumBoisHOM JKKJl B ero KOHTpOJUIEpE: CHCTEMa KOMAEHN, ONCpaTHBHAT M
nocroguHas mamare koHTposuiepa JKKJI, mOpspoK €ro HHHIHAIH3AINH, 0COOEHHOCTH
nepeadH KOMaHm M0 4-eX paspaaHomy u 8-paspsaiHoMy uaTepdeiicy. BBOI JOCTYIHBIX
cumponos Ha JKK]I i mporpaMMHpOBaHHE MOTE30BATENBECKUX CHMBOJIOB.

[lonpoGublii aHanM3 BPEMEHHOW nMarpaMMbl NEpenadu KOMaH[ KOHTPOJLICPY KK mo 8-
paspsnHomy mHTepdeiicy. Onucanue Onoka meperadd KOMaHI Ha SA3BIKE VHDL. Bribop
CHCTEMBI KOMaHI U pa3paboTka Iporeccopa Ha s3bIKE VHDL. WHTerpamuss B IPOCSKT H
HacTpoiika annapartaoro IP-aupa GI0YHOH NaMATH RAMB16BWE. ConpsKeHue Iporeccopa ¢
6IOKOM Iepefadl KOMak | i OIOKOM MaMsTH C IPHMEHEHUEM HEPAPXUIECKIX CPEICTE VHDL.

Bri6op BemomuMoi Ha JKKJ[ aHuMupOBaHHOH HAANHCH M HAIHCAHUE COOTBETCTBYIOLIEH
IporpaMMBl B IBOMYHOM KOZE I MHKDPOKOHTPOTIEpa. Cbopka CXeMBl allapaTrHo-
mporpaMmHoro apaiisepa cumsomsHoro KK, nposepka & paboTEl Ha OTIAN0YHOMH IIIaTe.

Ilepeuenn Jab0PATOPHBIX 3aHATHH

Paznen | Homep HauMeHOBAHKE Pa3jieNa i COOTBETCTBYIONINX €My JIab0paTOPHBIX Kon-Bo

TEMEL 3aHITHH gacoB

1. Beenenne B npoexkTuposanne na ILJIAC.

1 3HAKOMCTBO C OTNAZOYHOMN IUIaToif CTApTOBOTO KOMIUIEKTa Spartan-3A 4
Starter Kit, IIJIMC XC3S700A u cHCTeMOH aBTOMAaTH3HPOBAHHOIO
npoextuposanus ISE WebPACK 14.7

2. IIpoexkTHpoBanne KOMOMHANHOHHOH JIOTHKH H OCHOBBI SI3bIKA
VHDL.

1 OcHOBEI ~ paGoTBI B TIpaQuyecKOM  PEJAaKkTope, — ONHCAHME 4
KOMOHHAIIMOHHLIX CXeM TpaguuecKiM CIocoOOM W anmnapaTHasd




peam3anust Ha [IMC.

2 2 OcmoBel  paboter B pemaktope ~ VHDL-xoma, — omucaHue 4
koMOMHAUHOHHEIX cxeM Ha s3bike VHDL u  QyHKIHOHAIBHOE
MOJIEJTMPOBAHKE B CUMYJISTOPE.

3. IIpoexTHpoBaHHE¢ TI€HEPATOPOB HCTHHHO CJIy9aHHBIX H
NCEBI0CTYIAHHBIX YHCEL.

3 1 CxemoTexHuyeckoe mpoektiposanne [MCY Ha nu@poBEIX 31eMEHTaX 4
3a/IepKKH rpadHIecKuM CIocoO0M.
3 2 CxeMmotexuuyeckoe mpoektuposanme [TICH ma PCJIOC B 4

koH(purypamuu [anya ¢ npumenerreM a3pika VHDL.

4, IIpoexTHpOBaHHE KOHEYHBIX ABTOMATOB.

- 1 CxeMOTEXHHIECKOE IPOEKTHPOBaHke QHUIBTPA SHKOJEPA TPahUIecKuM 4
crrocoboM.

4 2 CxXeMOTEeXHHYECKOE MPOeKTHpOBaHHE (HILTpa 3HKOJEpa HA A3BIKE -
VHDL.

4 3 CxeMOTEXHHYECKOE IPOSKTHPOBAHUE TaCUTeNs Apebesra rpa@uyeckuM 4
crIoco0oM.

4 4 CxeMOTEXHHYECKOe INIPOSKTHpOBaHHe racuTens jpebesra Ha sA3BIKE 4
VHDL.

- 5 CxeMOTEXHHUECKOE  MPOSKTHPOBAHME  JENUTENIEW  JacTOThl | 4

dopmupoBaTerneil MMy IecoB Ha s3bike VHDL.

5. TlpoexTHPOBAHHE MUKPOKOHTPOJ/LJIEPOB.

5 2 CXEMOTEXHHWYECKOE IIPOSKTHPOBAHAE M AalllapaTHas peamusauus Ha | 4
[IJIAC mpocToro mepudepuitHOro MEKPOKOHTPOJLIEpA ¢ IPUMEHEHHEM
s3pika VHDL.

5 3 CxeMOTeXHHUECKOe MNPOSKTHPOBAaHME M almapaTHas peann3alus Ha +

[UIAC mporpaMMEpyeMOro reHepaTopa HONU(GOHHIECKHX 3BYKOB C
npumMernenneM s3bika VHDL.

6. IlpoeKkTHpPOBAHHE ANNAPATHLIX IPAHBEPOB.

6 1 CXeMOTeXHWYECKOe IIPOSKTHPOBAHME M allapaTHas peamusanus Ha | 4
[UINC obpaboTumka CHMBONOB M  aNIapaTHOro Jpaiisepa
KIaBHaTypsl ¢ uHTepdeticom PS/2.

6 2 CxeMOTEXHHYECKOEe IPOSKTHPOBAHHE M annapaTHas pealu3alud Ha <
IJIAC o6paborurka COOBITHI A allllapaTHOrO ApaifBepa KiIaBHaTyphI
¢ uateppeiicom PS/2.

7. IlpoeKTHpOBaHHE aNMAPATHO-NIPOIPAMMHBIX TPaiBepoB.

7 2 CxeMOTeXHHYeCKOe  IPOCKTHPOBAaHHE  amlapaTHO-IPOrpPaMMHOIO <4
mpaiiBepa cumBonbHOro JKKJ[ ¢ mapannenbHBIM - 8-paspaIHbIM
uHTephehCoM.

7 3 PaszpaGorka mporpaMMbsl B MAaIIHHHOM KOJAE JJ  ammapaTHo- 4

nporpaMmuoro Jpaitsepa cumsonpHOro JKKJ[ ¢ mapannenbHbM 8-
paspsiHEIM HHTEphEHCcOM.

5. MaTepua/IbHO-TeXHHYECKHE YCJI0BHA PeaJH3alHH POrpaMMbl

HawmenoBanue Bup 3amsTait | HanMeHOBaHHe 000PYZIOBaHUS/IPOrPaAMMHOTO
CIIel[HaTH3HPOBAHHBIX obecreueHus

ayIHTOpHil KaOMHETOB,
nabopatopuii (axpec)

JlabopaTopuu 426, 427, 428, Jlexnun MynsTEMEAUHHEEIL TTPOSKTOP, IPOEKIMOHHEII
430, 435,437 7 y4. 34, yIL. SKpaH, [EpPCOHANBHBIA  KOMIBIOTED UL
b.Kpacnas, 55 obecreuenrss pabOTHI IIPOEKTOpa, OOCKa ¢

MapKepaMmH.




Jlaboparopus 435 7 y4. 31 JlaGopaTopHsle | MympTUMeMIHBIN TIPOEKTOP, TPOSKIHOHHEIH
yin. B.Kpacras, 55 3aHATHS sKpaH, I0CKa ¢ MapKepamy, 10 KOMIbIOTEpPOB ¢

ycranosneHHbMA i HacTpoeHHbME CAIIP ISE
WebPACK 14.7, mporpammamu Microsoft
Word, Microsoft Excel u MyTestX mmm ux
aHAIOTAMH, a TakkKe ¢ JOCTYIOM K CETH
Wureprer, 8 ommagounbx mar Spartan-3A
Starter Kit, 6 1mbpoBEX ocHUIIOrPahoB
TDS2012C, 8 nwHaAMHKOB H KOMIIBIOTEPHBIX
Ki1aBHATYp ¢ HHTEpdeiicom PS/2.

10.

11.

12,

15.

14.

15.

16.

17.
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6.2 IlepeueHn pecypcoB HH(OPMANHOHHO-TETEKOMMY HUKALHOHHOH CeTH «HHTEpHET»

. Oduruaybueii caiit MuAHHCTEPCTBA HAYKH ¥ BBICIICTO obpasoBanus PoccuiCKOH

Deneparun (https://minobrnauki.gov.ru).

Caiit  «@DenepalbHBle IOCYZapcTBeHHBIE — 00pa3soBaTeNbHBIC — CTAaHJAPTBI  BBICIIETO
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Caiit xommaHHg AMD — aMEepHKAHCKOTO [IPOM3BOJMTENS HMHTETPAIBHBIX MHKPOCXeM H
SNMEKTPOHUKH (https://www.amd.com/en.html).

6.3 lepevenn nHGOPMANHOHHBIX TEXHOIOTHil, HCIOIb3Y EMBIX NPH O0CYIIECTBIEHHH

o6pa3oBaTeJbHBIX IPOLECCOB MO MporpamMme

JleMOHCTpALUs IPE3EHTAlU| B X0/ YTCHIS JICKIHH U BBIIOTHCHHA naGopaTOpHEIX paboT.
Hcnons30BaHHe MHTCPAKTHBHOM JTOCKH U IIPOEKTOPA.

JlCHonb30BaHIe HA 3aHATHAX 00pasoBaTEeNBHBIX pecypcos ceTd WHTepHeT (KOMIIBIOTEPHBIA
KJ1acc).

ABTOMATH3MPOBAHHOE IPOSKTHPOBAHUE, MOJEIHPOBAHME H Bepr(UKanys SIEKTPOHHBIX
cxem B CATIIP ISE WebPACK 14.7.

. TIpoToTHIEpOBaHHE H OTJAmKa MU(POBHIX YCTPOHCTE HA OTNANOHHBIX ILIaTax Spartan-3A

Starter Kit ¢ TUIUC tuna FPGA XC3S700A ¢ npuMeHeHHeM IE(QPOBBIX ocumutorpados
TDS2012C.
IIpoBejieHHE WTOrOBOrO TECTHPOBAHAS Ha KOMIIBIOTEpaX B MpOrpamMme MyTestX umm ¢



momosko cpencts LMS Blackboard.
7. Texuonoruu 00/TaYHOTO XpaHEHHS JAHHBIX Google Tuck wmm Sunexe JIuck /Uit TOBBIIEHHST
ymoGeTBa IOCTya CiryInaTelnei K MaTepranam 3AHATHHN.
PasMemenue MaTepuaios k samatasaM B LMS Blackboard.
9. TIposenenue BeGuHapos B nporpamme MTC JInnk.

o

7. OneHKa Ka4ecTBa 0CBOCHHS IIPOrpaMMbl

OKoHuUaTeNbHAS OLEHKA KaueCTBa OCBOSHHUS IIPOIPAMMBI OCYIIECTBIIIETCS PYKOBOAUTCIIEM
POrpaMMBI TIOCIE aHATH3a HOCEIAeMOCTH Ja00paTOPHEIX 3aHATHM, YCIIEIIHOCTH BBINOJIHEHHS
aGOpaTOPHEIX PaboT W MOMYYeHHs DE3yNbTATOB IPOXOXICHHS HTOTOBOrO TECTHPOBAHWA H
BEIpaKaeTcs B OLeHKe «3auTeHo» wimH «He 3aureno». Cnymmartenb CYMTAETCSA ATTECTOBAHHBIM,
€CITH HMEET OTICHKY «3a9TEHOY.

Onenka «3a9TeHO» BEICTABIAETCS 3a BHIIOJHCHHE Kak MHHMMYM  TIONOBHHDI
nabopaTopHEIX paboT, a TAKKe TPy YCIOBHH IPABHILHOTO OTBETA XOTH OBl Ha TONOBHHY
BOIIPOCOB HTOTOBOIO KOMIBIOTEPHOTO TECTHPOBAHMA. JIa6oparopHass paboTa CYHTACTCH
BLIIONHEHHOM CIIyIIaTeneM, eClId OH CBOEBPEMEHHO IIOCETHI €€ M BBIIONHHIL BCS OCHOBHBIC
3aJ[auus 110 Helf, T0Ka3aB MOTydeHHBIE Pe3yIbTaThl PyKOBOIHTEIO IPOrPAMMEL

Onenka «He 3adTeHO» BHICTABILIETCS 3a IPOIYCK HIIH HEBBIIOTHECHHEC Oonee MOJIOBHHEI
11aGopaTOPHEIX paBoT B CPOK, & TAKIKE 33 HENPABHIILHBIA OTBET BoJlee ueM Ha IOJIOBHHY BOIIPOCOB
HTOTOBOTO KOMIIBIOTEPHOro TecTuposaus. JlaGopaTopHas paboTa CUMTaeTCH HEBEHITOTHEHHOH
CIIyImaTeneM KypcoB, €CIH OH IPOIYCTHN €€ MM HE BBIIOTHI OCHOBHEIC 3alaHus IO Hel, WM
He TIOKA3aT TOTyYeHHBIC DE3YJBTATH DYKOBOJMTEMO Mporpammel. IIpumepHbie BOIPOCET
HTOTOBOTO TECTA II0 pasjieraM:

1.1. Tepeumcnute ocoberroct IITMC ¢ apXuTeKTypoH FPGA.

1.2. Kakue urctpymentsi coneprut CAITP ISE WebPACK 14.77

2.1. Kaxyio uEbOpPMAILMIO COIEPKAT (ailil TOMONOTHIECKAX U BPEMCHHBIX OrpaHHyYeHHH

mpoekra?

2.2. VKaxuTe NPEHMYIIECTBA, KOTOPhIe IPEIOCTABILET pa3paboTIMKy HCHONH3OBAHHE

S3BIKOB OITMCAHWS SIEKTPOHHBIX CXEM IO CPABHEHHIO ¢ TpadHIecKuM criocobom
OITUCAHNUS CXEM.

3.1. Uro sBisieTcd MCTOYHMKOM HCTHHHO ciydaifHbx uucen B [MICH, peanmu3oBaHHOM Ha

mcC?

3.2. Kakum oGpasom BEIGupatoTcs obpathble ceasu B [TICH Ha ocHOBE PCJIOC?

4.1. B wem orimune apToMata Mypa oT apToMaTa Muim?

4.2. Kakoe Ha3BaHHe TOMTydrI Ipaduueckuii crocod mpeAcTaBIeHH OyneBbIX QYHKIHH C

HETbI0 UX YA0OHOH M HAIIAHON PyIHOH MHUHAMH3ALHA?
5.1. Ha xaxue Kjaccel aensrcs [P-Gnoxu?
5.2. TlepeunciiTe OCHOBHBIE IPHHIIUNB! aPXHTEKTYPBI don Helimana.
6.1. Kakue IperMyllecTBa PEAOCTaBIeT pa3paboTIHKy HCIOIb30BaAHHE tectOeHUeH IPH
MOJIEJIMPOBAHHH CXeM?

6.2. VI3 4ero COCTOWT CHMBOJ, TIEpEABACMBIH KOHTPOILIEPOM KIIABHATYPHI 10 HHTepdekcy
PS/2 npu HaKaTHH KIABHIIH?

7.1. Kax B s3pike VHDL peanusyroTcs CpeacTBa OMACAHUS nepapxuu’?

7.2. VKaKUTe BUIBI TAMATH, KOTOPBIE COAEPKUT KOHTPOILIEP CHMBOIBHOTO AUCIUICA.

8. KagpoBnie yc10BHs peaau3anii NporpaMmbl
T'ymupos AW, craprunit mpemojiapatens Kadeaphl KOMIBIOTCPHBIX CHCTEM.
9. CocTaBHTEH NPOrPaMMBbI

T'ymupor A.M., crapmmit mpenojasatens Kaheapbl KOMIBIOTEPHEIX CHCTEM



