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PABOYAS MPOrPAMMA YYEBEHOW OUCLMMNIUHDI

51.B.01 NpoekTupoBaHue LMdpoBbIX YCTPponcTB Ha Verilog

. Koo v HaumeHOBaHue HanpaBneHusa nogroroBku/cneunanbHocTn: 11.04.04

OINEKTPOHMKA N HAHO3JTEKTPOHMKA

. Kacbenpa, orBevarowan 3a peanusauuio AMCLUUNIINHDbI:

. Mpodunb noaroToBKMU: WHmeepanbHas 3/1eKMPOHUKa U HaHO3/1EKMPOHUKa

. Ksanudmkaums (cteneHb) BbINyCKHUKA: _Mas2ucmp

. ®Dopma obpazoBaHuA: OYHas

pU3UKU_N0o1yrnpo80OHUKO8 U MUKPOIIEKMPOHUKU

. CoctaBuTenu nporpamMmmbil: boeamukoe EgzeHut Bacunbesuy

kaHOudam ¢bu3UKO-MamemMamu4yecKkux Hayk

7.

8

9.

PekomeHpoBaHa: HMC gbusudeckoao chakynsmema npomokosi Ne6 om 26.06.2024

. Y4eOHbIN roa: 2024-2025 CewmecTp: 2

Llenu u 3agaum yuye6Homn gucumnnuHbl: Llenamu ocBoeHus aucumnnuHbl «MpoekTuposa-

HMe umMdpoBbIX YyCTPOMCTB Ha Verilog» siBnseTcs opmupoBaHue crneuuanbHbIX 3HaHWA O
npumeHeHnn asbika Verilog ons paspaboTkun ungposbix yctponcTts Ha 6ase MINC.

B 3agayn gucumnnuHel BXoOAT:

- n3yyeHue apxutektypbl MNINC;

- n3yyeHue asbika Verilog;

- NpnobpeTeHne ymeHnn n HaeblkoB paboTsl ¢ MNJTNC.



10. Mecto y4yebHOM gmcumnnuHbl B cTpyktype OMOI: [ducuunnuHa BKAOYEHa B YUCIO
ANCUMNNNH YacTn, opMUpyeMOn y4acTHUKamum obpasoBaTesibHbIX OTHOLWEHUA, ©noka b1 no
HanpasneHuto nogrotoskn 11.04.04 AneKTpoHUKA U HAHO3NEKTPOHUKA.

[na ee ycBoeHus TpebywoTca 3HaHus, opmupyemble npu ocBoeHun OlMOIN 6aka-
naBpmaTta B pamMKax KypcoB MateMaTuKku, (OU3MKU, KOMMNbIOTEPHOIO MOAENMPOBaHUS.

B pesynbTate npoxoxaeHus AaHHOW AMCUMNAWHBI 0ByYatoWmMnca AomKeH npuobpectun
3HaHUSA, YMEHUS, HaBblk1 00LenpodeccMoHanbHbIX KOMNETEHUMIA, HeobXxoaMMbIX ans obecne-
YyeHus TpyaoBbIX yHKkumMin B/02.7 «Pa3paboTka yHKUMOHANbHOMo onMcaHus umdgposbix 6ro-
koB annapatHon Yyactn CHK» n E/02.7 «[MpoekTupoBka noBegeHYeCKoM MOgen aHanoroBown
YacTu nNpoekTa A4S MOAEeNMPOBaHUS B COCTaBe BCEW CUCTEMbI B LIENOM» NpodeCcCcuoHanbHo-
ro ctangapta 40.016 «MHxeHep B 06nacTu NPOEKTUPOBaAHNSA U CONPOBOXAEHUSA MHTErpanb-
HbIX CXEM N CUCTEM Ha KpucTanney.

3HaHMsA, NOofyYeHHble NpUM OCBOEHUM AUCUMNIUHBI  «[1poekTnpoBaHme LMGpPOBbIX
yctponcTtB Ha Verilog», HeobxoanMbl Npy BbIMNOSIHEHUW Hay4yHO-UCCreaoBaTeNbCKMX paborT,
y4ebHOM N NPOU3BOACTBEHHBIX MPOEKTHO-KOHCTPYKTOPCKMUX MPaKTUK HanucaHus mMarncrep-
CKOW BbIMYCKHOW KBanudukaumMoHHOM paboTbl B 0651aCTU MUKPO- Y HAHOSMEKTPOHUKN.

[aHHasa gucuunnuHa aBnseTcsa npeflecTByowen Ana QUCUUNIIMHBL «A3bIKKU NPOeKTU-
pOBaHUS CXeM CMELUaHHOro curHana». 3HaHuWs, MONyYeHHble NPU OCBOEHUW OUCLUMMAVHDI
«lpoekTnpoBaHue UNdpPoBbIX YCTPONCTB Ha Verilog», MOryT BbiTb MNOMNE3HbI MPU BbINONTHEHWUU
BbIMYCKHbIX KBaNUMUKaUMOHHbIX paboT B 0651aCTV MUKPO- U HAHOINEKTPOHUKM.

11. MnaHupyemble pe3ynbTaTbl 060y4eHUA NO AucuMnInHe/Moaynio (3HaHWUA, YMEHUs,
HaBbIKK), COOTHECEHHbIe C NNTaHUPYyeMbIMU pe3ynbTaTaMu OCBOEHUs o6pa3oBaTeribHOM
nporpaMmmbl (KOMNeTEHLUMSAMU) U UHAUKATOPaMU UX OOCTUXKEHUNA:

KomneTteHummn MHugukaTopbl
Kon HanmeHoBaHue Koa(b1) HanmeHoBaHue MnaHupyemMble pesynbtatbl 00y4eHns
KOMMeTeHunn nHaunkaTopa(os)
MK-3 | CnocobeH aHa- | [MK-3.1 | CoctaBnser onu- | 3HaeT:
nusnposaTtb  CO- caHve anroputma | - apxutektypy MNinC
CTOSIHME Hay4HO- dyHKLUMOHMpoOBa- - npuHUMnbl paspabotkm HDL-onuncaHum
TEXHUYECKOWN HUS U UMKNorpam- | LMGpPOBbIX YCTPOWCTB;
npobrembl NyTém Mbl pabotbl CHK u | YmeerT:
nogbopa, wusydve- dopmynupyet - COCTaBngaTb OnNucaHuve anroputma
HAS M aHanusa npeanoXxeHns Mo | OYHKUNOHUPOBAHUSA U UMKNOrpaMMbl pa-
nuTepaTypHbIX U nx peanusaummn | 60Tbl CHK;
NaTeHTHbIX  UC- annapaTHbiMu unu | Bnageer:
TOYHMKOB nporpaMmMHbIMU - NporpamMMHbIMK CpeacTBamMu peanusa-
cpeacTeamm UMK UMGPOBLIX YCTPONCTB
MK-3.2 | PaspabaTbiBaeT YMeHue:

TEXHU4eckne Tpe-
ooBaHMsA K co3fa-
HUIO  aHanoroBbIX
n aHanoro-
UMPPOBLIX Y3NOB
CHK

- NpUMeHsTb a3blk Verilog Ansa cosgaHus
cuHTe3abenbHbix HDL-onucaHui undpo-
BblX YCTPOWCTB MO TEXHW4YECKOMY 3aja-
HWIO;

- paspabaTtbiBaTb METOAUKY TecTMpoBa-
HUS M NPOBOAUTb (PYHKLMOHANbHYHO Be-
pudpurkauno HDL-onucaHus;

- npoBoauTb koHGUrypmposaHnme MINC u
TeCTMpPOBaHMEe 3aKOHYEHHOro LmngpoBoro
ycTponcTtea Ha b6ase MJINC.




MK-3.3 | MpoBoant TexHU- | YMeeT:
KO-9KOHOMWYECKUIN | -  BbINOMHATE  TEXHWKO-3KOHOMUYECKUIA
aHanu3 n obocHO- | aHanm3 no Bblbopy apxuTekTypbl CHK;
BblBaeT NpuUHMMa- | - 060CHOBbLIBATL NPUHMMAEMbIE peLLeHns
eMble pelleHns no | no Belbopy apxutekTypbl CHK
BbIOOpY apxuTek-
Typbl CHK
MK-7 | TotoB  onpege- MK-7.1 Mponssoant Bbl- | 3HaET:
NnaTb Uenu, ocy- Gop A3bIKOB ONU- | - A3bIKKM ONMCAHKA annapaTypbl;
LecTBnATbL  NO- caHusa annaparty- | YMeerT:
CTaHOBKY 3ajaud pbl U CTUNEn onu- | - NCMOMb30BaTb A3bIKM ONMUCaHUA annapa-
NPOEKTUPOBaHNS CaHus UMPPOBBIX | Typbl MNPU NPOEKTMPOBAHMM LNPPOBbLIX
3IEKTPOHHbIX OonokoB, a Takke | 6riokoB CHK
npnbopoB, CXem BblbOp  cpeacts
N YCTPONCTB pas- onucaHust  nose-
NNYHOTO  dOYHK- AEHYeckux mope-
LIMOHanNbHOro nen  aHanorosbiX
Ha3Ha4YeHus, onokoB
nogrotaBnueaTbh MK-7.2 | ®opmynupyet 3a- | 3HaeT:
TexHu4yeckne 3a- aaum dyHKUMO- | - MeToauKn BepuduKkaumm UnpoBbIX
AaHUs  Ha  Bbl- HanbHOM U 6roKoB;
NnonHeHne  npo- BPEMEHHOW Bepu- | YMeerT:
eKTHbIX paboT dukauumn unpo- | - hopmynmnpoBaTth 3agadun yHKLMOHaMb-
BbIx 6r1okoB CHK, HOM W BPEMEHHOW BepudmKkaunmnm umdpo-
nponssBoauT  Bbl- | Bbix 6nokoB CHK;
Gop MeToaukM Be- | - MpPOU3BOAUTL BbIGOP METoauKN Bepu-
pucmkauun nose- | ukaumm LMpPoBbIX 610KOB
AEeHYeckux mope-
nen aHamnoroBbIX
©nokoB
MK-8 | CnocobeH npo- MK-8.1 | Mcnonb3yeT A3blkn | 3HaeT:
eKTMpoBaTtb onucaHus annapa- | - A3blKM ONMCaHWs annapaTypbl;
YCTPOWCTBA, Typbl Npu npoek- | Ymeer:
npubopbl U cu- TMPOBaHMM  UMQ- | - UICNONb30BaTb A3bIKM ONUCaHWS annapa-
CTEeMb anek- POBbLIX W aHanoro- | Typbl MNpY MNPOEKTUPOBaHMN LNPPOBbLIX
TPOHHOW TEXHUKMN BbIX 6r1okoB CHK 6nokoB CHK
C y4yeTOM 3ajaH-
HbIX TpeBoBaHMiA MK-8.2 | Mogenupyet YMeer: _
cpeacTBamu - NpuMeHsTb A3blk Verilog ons cosgaHus
CAIMNP  dyHKumMo- | cuHTe3abenbHbix HDL-onucanun umdpo-
HanbHOe  onuca- | BbIX YCTPOWCTB MO TEXHWYEeCKoMy 3aja-
HWe LMEPOBBIX | HUIO;
OnokoB 1 ucnonb- | - paspabartbiBaTb METOOUKY TecTMpOBa-
3yeT ero pesynb- | HUS M NPoBOAUTb (PYHKLUMOHANbHYHO Be-
TaTtbl Ans Koppek- | pudmkaunto HDL-onucaHus;
UMM ux yHKUMoO- | - NpoBoauTb KoHurypuposaHue MNIVC n
HanbHOrO onuca- | TeCTUpPOBaHME 3aKOHYEHHOro LMGPOBOro
HUS ycTpoincTea Ha 6a3se NJINC.
12. O6bem gucuMnnHbI B 3a4€THbIX egnHuyax/yacax — 3 / 108 .

dopma NpoMeXyTOYHON aTTecTaumm — ak3ameH

13. Buabl yue6HOM paboThl:

Bug yyebHou paboTbl

TpynoemMkocTb (4achl)




v
Beero 0 cemecTpam
2 cem.
AyOUTOPHbIE 3aHATUS, 28 28
B TOM yucre: nexunn 14 14
' naGopaTtopHble 14 14
CamocTtodartensHas pabota 44 44
dopma NPOMEXYTOYHON aTTecTauun: aKk3aMeH 36 36
UToro: 108 108

13.1. CopepxxaHue pasfenoB AUCLUNIIUHDI:

Ne HanmeHoBaHune

n/n Da3neNna AVCLMNIMHb) CopeprkaHve pasgena auCUunIvHbI

1. JNekuum

1.1 Knaccndukauusa MINC: PLA, CPLD, FPGA. ObnactM npumeHeHus
MINC. Crpyktypa noruveckoro anemeHta MJINC. Ctpyktypa LUT.

Mporpammupyemas kommyTtaumss B TJIMC. KoHdurypaumoHHas w

BeegeHne B apxuTekTy-
py MNIncC

nonb3oBaTtenbckas flash-namarte. MNoacuctema BBoga-BbiBOAA.

1.2

OcHoBbl si3blka Verilog

Crpyktypa Verilog-npoekta. Moagynu. CurHanel Tuna reg u wire,
3HayeHusa curHanos X’ K ‘Z’. Tunbl NopToB. AnnapaTHoe npeacras-
neHve aByHanpasrieHHoro nopta. lNMpaBuna 3agaHusa TUNOB CUrHa-
NIOB NPW MOAKMYEHMM K nopTaM. Tunbl gaHHbIX B Verilog. Apudme-
TU4eckme, normveckme, NobmuToBble U Apyrve onepauumm B s3bike Ver-
ilog. OeneHne onepaTtopoB Ha NapannenbHble U nocrnegoBaTenb-
Hbole. OnepaTop assign. Mcnonb3oBaHue TepHapHOro oneparopa.
Onepatop always. Buabl ycrnoBui 3anycka B onepartope always.
MocnepoBatenbHble onepatopbl. OnepaTopbl 6NOKMPYHOLLETO N He-
Onokupytollero npuceamBaHms. Onepartopbl BETBNEHUS M Bbibopa.
Ycnosusa nosenexHus 3awernok. Onepatopbl unkna. CTpykTypHOoe 1
nosegeHyeckoe onucaHve yctponctesa. OnepaTtop MNOAKMYEHUS
aK3emMnispa moaynsi.

13

Bepudumkauyms HDL-

onncaHuA

MoHaTtne cuHtesabenbHocTM HDL-onucaHus. OyHKUMOHANbHas Be-
pucukaums HDL-onucaHus, NpuHUMNBI NOCTPOEHUs TecTbeHyen.
OnpekTrBbl KOMNUNIsaTopa u cucteMHble doyHKumn. Oneparop initial.

1.4

MNapameTpusyembie Mo-
aenu B Verilog

NMapameTpbl M nokanbHble napameTpbl. [lepeonpeneneHue napa-
meTpoB. Makpoonpeaenenune “define. Cumeon #. Makpoonpegene-
Hune “defparams. NeHepauusa ogHOTUMHBLIX KOMMOHEHTOB C NMOMOLLIbIO
uukna generate n MHOAEKCHON NepemMeHHon genvar. YCrnoBHas reHe-
paunsi KOMNOHEHTOB.

15

CornacoBaHue TaKTOBbIX
JOMEHOB

MoHATNe roHkn curHanos. MoHATME MeTacTabunbHOCTU TPUITEPOB.
CxeMbl ansa aKkcnepuMMeHTanbHOro HabnwaeHus COCTOsIHUA MeTa-
CTabunbHOCTM TPUITEPOB. YCTpaHeHne MeTacTabunbHbIX COCTOSAHUI
C NOMOLLbIO CABUIOBbIX PETMCTPOB.

1.6

Wcnonb3oBaHne KOHeu-
HbIX aBTomaToB B Verilog

KoHeuHble aBTOMaTbl Mypa u kKoHeudHble aBTOMaTbl Munu. lMpea-
CTaBfieHNe KOHEeYHbIX aBTOMaToB B BuAe rpadoB 1 Tabnuy nepexo-
poB. Peanusaunsi cTpykTypbl KOHeYHoro astomarta B Verilog: noru-
Ka rnepexonoB, PErUCTP COCTOSIHUSA, NOrnka dOpMUPOBaHUSA BbIXOA-
HbIX curHanos. Mpumepbl NPUMEHEHUSA KOHEYHbIX aBTOMATOB.

1.7

KoHBenepHasa obpaboTka
AaHHbIX Ha Verilog

basoBble ngen koHsenepmsauun. KoHeernepHble Mgeanuambl: Oan-
HakoBasi 3aJepkKa cTaguin, yHU(OULMPOBaAHHbIE TUMbI 3arMpocoB, He-
3aBMCUMOCTb 3anpocoB. CUHXpOHM3aUUsA CTaauin KoHBerepa C ne-
peMeHHbIMU 3agepxkamu. CpaBHeHMe KOMOMHAUWOHHOW, MHOro-
TaKTHOW N KOHBEWEPHOW peanunsauuin Ha npumepe apudmMeTmnyecko-
ro 6noka.




2. JlabopaTopHble 3aHATUA

2.1 | BBegeHune B apxuTekTy- | JlTabopatopHass pabota Ne 1. CxemoTexHuyeckoe MoaenupoBaHue
py NINC LUT-anemeHTa NMNJIMC

2.2 | OcHoBbl ai3bIka Verilog JTabopaTopHasa paboTta Ne 2. PaspaboTka mogenn KOMOMHALMOHHOIO

ycTponcTtea B Quartus.

2.3 | Bepudukauus HDL- | JTabopaTtopHas paboTta Ne 3. OyHKLMOHanNbHaa BepudukaLms Komoum-
onncaHusi HaUWOHHOro yCTponcTBa ¢ noMoulbio Modelsim.

2.4 | MapameTtpusyemble Mo- | JlabopaTtopHasa pabota Ne 4. PaspaboTka n Bepudmkaums napamer-
genu B Verilog pu3oBaHHOM MoLENV Tanmepa.

2.5 | CornacoBaHue TakToBbIX | JlabopaTopHasa pabota Ne 5. Peanunsaumnsa SPIl-uHTepdenca ons se-
AOMEHOB AOMOro yCTpOMCTBa

2.6 | Vcnonb3oBaHne koHeu- | JlabopaTopHas pabota Ne 6. Peanusaums KOHEYHOro aBTomaTa Ha
Hbix aBTomaToB B Verilog | Verilog

2.7 | KoHBenepHas obpaboTka | JlabopaTopHasa pabota Ne 7. KoHBenepHasa peanusauusa apudmeTu-

OaHHbIX Ha Verilog

YEeCKUX OeNCcTBUNn

13.2. Pasgenbl AMcumnnuHbl U BUAbl 3aHATUN:

Bugbl 3aHaTUIA (4acoB)
Ne HanmeHoBaHve Na6opa- CamocTos-
n/n pasgena aucumnivHbl Jekuun 0 HEIe TenbHas Bcero
P paboTa

1 BeegeHue B apxutektypy MNJIINC 2 2 6 10
2 OcHosBbl s13blka Verilog 2 2 8 12
3 Bepudukauna HDL-onncaHus 2 2 6 10
4 MapameTpusyemslie mogenu B Verilog 2 2 6 10
5 | CornacoBaHue TakTOBbIX JOMEHOB 2 2 6 10
6 E(él‘lOJ‘lb3OBaHVIe KOHEeYHbIX aBTomMaTtoB B Veri- > > 6 10
7 KoHBenepHasa obpaboTka gaHHbIX Ha Verilog 2 2 6 10
UToro: 14 14 44 72
Ok3ameH 36
MToro no kypcy 108

14. MeToau4yeckue ykasaHuUA onsi ooyvarowmxcs no 0OCBOEHUIO AUCLUMIINHbI:

M3ydeHne aucumnnuHel «lpoekTupoBaHue uMpPoBbIX yCTponcTtB Ha Verilog» npeay-
cMaTpuBaeT OCyLleCcTBNeHne y4ebHon OesaTenbHOCTM COCTOsLWEN N3 ABYX YacTen: obyyeHus
CTYOEHTOB npenogaBaTefieM n CaMOCTOSATENbHOW y4ebHOM OeATEeNbHOCTU CTYAEHTOB NO M3Y-
YEHWUIO ANCLMMINHBI.
lMoaroToBka K nekuusam ABRAsieTCS OOHUM M3 BMOOB CaMOCTOATENbHOM paboTbl CTyAeH-
ToB. CTyaeHTam, 4TobbI XOpoLo oBnageTb y4ebHbIM MaTepmanom, HeobxoamMmo BbipaboTaTb
HaBbIKN NPaBUIIbHOW M NIaHOMepHOW paboTbl. [lepen Ha4Yanom NEKUMOHHbIX 3aHATUI Hado
NpOCMOTPETb BCE, YTO ObIIO caenaHo B npeablaywmin pa3. 3TO NO3BOMUT COCPEaOTOYUUTL
BHMMaHVe U BOCCTAaHOBUTb B MaMATU yXXe UMEIOLLNECH 3HaHNA No AaHHOMY npeameTty. Kpome
TOro, Takon MeToA NOMOXeT YrinybuTb NOHMMaHWEe Kak HOBOrO, TaK U yXXe U3y4YEeHHOro Matepu-
ana bnarogaps yCTaHOBMNEHMIO B3aMMOCBA3€EN MexXay OTAENbHbIMU YacTAMM Kypca.

XopoLlo oBnageTb cogepxaHnem nekumm — a7o:

- 3HaTb TEMY NEKUUN;

- MOHMMAaTb 3Ha4YeHne N BaXXHOCTb €€ B JaHHOM KYypCe;
- YeTKO nNpencTaBliATb MiaH NeKUunn;




- YMETb BbI4ENUTb OCHOBHOE, MMaBHOE;

- YCBOWUTb 3HA4YeHWe NPUMEpPOB U UICTPaUni;

- CBSI3aTb BHOBb MOJly4YEeHHbIE CBEAEHMSA O NpeaMeTe UM ABNEHUN C YXKe NMEIOLLMMUCS;

- IPeACTaBNATb BO3MOXHOCTb M HEO6XOOMMOCTb NPUMEHEHUS NONYYEHHbIX CBEAEHUNA.

CyulecTtByeT HECKOSbKO 06LLMX NpaBun paboTbl Ha NeKunn:

- Nekumnn No Kaxkaomy npeameTy 3anucbiBaTb yaobHee B OTAENbHbIX TeTpaasX, OCTaBnss
LUMPOKME NONA ANs NOMETOK;

- K MPOCNYLUMBAHUIO NEKLMI criedyeT roTOBUTBLCH, YTO NO3BONUT B NpoLecce fekuun oT-
AENUTb rMaBHOE OT BTOPOCTENEHHOTO;

- Nekunn HeobxoaMMO 3anncbiBaTb C CaMOro Havana, Tak Kak OHO YacTo BbiBaeT KNo4oMm
KO BCeW TeMe;

- TaK Kak JOCMOBHO 3anucaTb NeKUnto HEBO3MOXHO, TO HEOBXOAMMO B KOHCMEKTe oTpa-
XaTtb: opMynbl, onNpeaeneHns, Cxembl, TpygHble MecTa, MbICIu, NpuMepbl, akTbl 1 NONOXe-
HUA OT KOTOPbIX 3aBUCWUT MOHWMAaHWE [faBHOrO, HOBOE W HE3HAKOMOe, HeonybriMKoBaHHbIe
AaHHble, MaTepran OTCYTCTBYHOLMUIN B y4eOHMKaXxX u T.M.

BaxxHon cocTaBnsilolen Kypca saBnsaTca nadbopatopHble paboThl, KOTOpblE MNO3BOMSAOT
npmnobpecTn HaBbikn paboTbl C peanbHbIMU NpUbopamMu TBEPAOTENbHOM 3NEKTPOHUKM, a TakkKe
nameputenbHon annapaTtypon. BbinonHeHne nabopatopHon paboTbl TpebyeT TliaTenbHOn
npegBapuTenbHon nogrotoskn. Heob6xooumo 3apaHee 03HAKOMWUTBLCS C TEOPETUYECKM BBE-
AeHneM K npegcrosiwen nabopatopHon paboTe ona Toro, 4tobbl BbINOMHEHWE PaboThbl B
ayamTopum GbINo NOMHOCTBLI OCMbICIEHHBIM. Takke He06X0AMMO NOMHUTL, YTO COCTaBneHne
oT4yeTa O BbINOMHEHMM NabopaTopHOM paboTbl ABMASETCS He TOSbKO KIHOYeBbIM 3Tarnom B CU-
cTemaTmsaumm M 0CO3HaHWUM MOMYYEHHbIX AAHHbIX, HO U HeOBXo4MMbIM yMeHMeM B Byayuien
npodeccuoHanbHOM AeATENbHOCTW, NpeanonaratLwen perynsipHoe cocTaBfieHMe noaobHbIX
OTYETOB.

Hapsgy c TeopeTmnyeckum Kypcom n nabopaTtopHbiMn paboTamm BaXXHOW COCTaBASOLLEN
obyyeHunsa aBnaeTca camoctoaTensHas pabota. OHa npegHasHadeHa Kak ang opMmMpoBaHng
HaBbIKOB CaMOCTOATENbHOM paboThl BoOOLLE, Tak M ANs pa3BUTMA CNOCOOHOCTEN NPUHUMATb
Ha ceba OTBETCTBEHHOCTb, HAXOAUTb KOHCTPYKTUBHbIE PELUEHUS U BbIXOA U3 KPU3UCHOW CUTY-
auuu.

[aBasi BO3MOXHOCTb paclumpaTb M oborawate 3HAHWUS, YMEHUS MO WUHAMBUAOYaNbHbIM
HanpaBneHusM, camocTosTenbHasi paboTta obyyatolierocsi NO3BONSET CO34aTbh PA3HOCTOPOH-
HUX cneumanucToB. B npouecce camoctoaTensHonW paboTbl pa3BnBalOT TBOPYECKME BO3MOX-
HOCTK oby4atoLerocs, Npy 3TOM caMocCTosTeNnbHaa paboTa 3aBepLlaeT 3agjayun BCeX BUOOB
y4yebHon paboThbl.

Taknum obpasom, camocTodaTenbHaa paboTa opMupyeT YepTbl xapakTepa, urparoLime
CYLLIECTBEHHYIO POfib B CTPYKTYPE NIMYHOCTM COBPEMEHHOIO crneumanmcra.

MpenopgaBaTenb OpraHU3yeT, HanpaBnsieT CaMOCTOATENbHyH paboTy oby4darowmxcs u
okasblBaeT MM Heobxogumyto nomoulb. OgHaKo CaMOCTOSATENbHOCTb OBy4alowmxca AOoSKHa
npeBbIWaTh 06beM KOHTpONMpyemMon npenogasaTtenemMm paboTbl, U UMETb B CBOEN OCHOBE UH-
AvBMayanbHyI0 MOTUBaUnio oby4varolierocs no MNofyvYeHuo 3HaHWn, HeobxoauMbIX U gocTa-
TOYHbIX AN NpodeccrnoHanbHON AeATENbHOCTM B M3GpaHHOM cdepe.

Mony4yeHne obpa3oBaHuna npegnonaraeT He TONbKO OByYeHWe peLleHuio 3agady onpene-
neHHon cdepbl AeATeNnbHOCTU, HO U hopMmpoBaHMe 0coboro NpodeccuoHanbHOro CTUns
MblwneHus. MpodeccrnoHanbHbIi CTUMb MbILWEHUS 03HAYaeT rOTOBHOCTb K MOWUCKY peLUeHns
nobon 3agaun B xoae NpakTUYecKon OeATeNbHOCTUN, AaXe Takon, KoTopasi He Oblna 3aTpoHy-
Ta B xoge oby4yeHus.

Pesynbtat 0by4yeHnss n camoctosTenbHOM paboTbl oby4vatowlerocs npegnonaraet Hanu-
4yne criegyoLmMx CoCTaBnSOLWMX:

- MOHMMaHWe MeTOA0SOMYECKUX OCHOB MOCTPOEHUS U3yYaeMblX 3HAHWUNA;

- BblAE€IeHMe rmaBHbIX CTPYKTYP y4eBHOro Kypca;

- hopmupoBaHue CpeacTB BblpaXkeHUsi B 4aHHOW obnacTy;

- MOCTPOEHME METOAMK PELLEHNS 3a4ay U OpueHTauun B npobnemax (cutyaumsx).



CamocTosaTenbHas paboTta oby4varowmxca npu nyvyeHumn kypca «lpoektnposaHme und-
poBbIX ycTponcTB Ha Verilog» BkntovaeT B cebsa: paboTy C TeopeTUdeckonm 4acTbio Kypca,
odhopmMIieHME OTYETOB O BbINOSIHEHMM NTabopaToOpHbIX PaboT 1 NOArOTOBKY K BbIMNOMHEHUIO Na-
BopaTopHbIX paboT, NOArOTOBKY K 9K3aMeEHY.

Pekomenagyemoe pacnpegeneHne Harpyskm Mexgy KOMMOHEHTaMn CaMOCTOSITENbHOW
paboThbl:

N3yyeHne TeopeTn4eCcKom 4acTu Kypca - 20 yacos

noaroToBka K labopaTtopHbIM 3aHATUAM - 24 yacos

nToro - 44 yacoB

lMogroTtoBka K 9k3amMeHy — 36 Yacos

15. NMepevyeHb OCHOBHOM U JOMOJSIHUTENIbHON NUTEpaTypbl, pecypcoB UHTepHeT, He06-
XOAUMbIX AN OCBOEHUA AUCLUMNIIUHDI:

a) oCHOBHas nutepaTypa:

Ne n/n MCTOYHMK

1 Xappwuc, Oasng MaHu. LindpoBass cxeMOTEXHMKA M apXUTekTypa kommnbioTepa = Digital
design and computer architecture : nep. ¢ anrn. / Jasug M. Xappuc, Capa J1. Xappuc. — 2-e
n3g., ncnp. — Mockea : MK lMpecc, 2018. — 791 c.
2 Obibko, M. A. LlnudpoBas MUKpOINeKTPoHUKa : y4ebHoe nocobue : [16+] / M. A. [bi6ko, A.
B. YooBuueHko, A. I'. Bonkoe ; HoBocmbupckuin rocygap-CTBEHHbIN TEXHUYECKUIA YHUBEP-
cuteT. — HoBocubupck : HoBocuBUpPCKMIA rocyaapCTBEHHbIA TEXHUYECKUIA YHUBEPCUTET,
2019. — 200 c. : rpad., cxem., un. — Pexum poctyna: no nognucke. — URL:
https://biblioclub.ru/index.php?page=book&id=573770 — Bubnwuorp.: c. 169-170. — ISBN
978-5-7782-3834-3. — TEKCT : 9NEKTPOHHbIN.

0) gononHuTenbHasa nuTepartypa:

Ne n/n NCTOYHMK

3 YrptomoB E. T. Lncposas cxemoTtexHuka : [y4ebHoe nocobue gnga crya. sysos] / E.M.
YrptomoB. — 3-e uag,. — Cankr-lNeTtepbypr : EXB-MeTtepbypr, 2010. — 797 c.
4 MonskoB A. K. Asbikn VHDL n VERILOG B npoekTnpoBaHun undposon annapatypbl / A.
K. NMongkos. — M. : ConoH-npecc, 2003. — 313 c.

B) MH(POPMALMOHHbIE 3NIEKTPOHHO-06pa3oBaTesbHble pecypchbl:

Ne n/n N CTOYHKK

5 http://www.lib.vsu.ru — 3HB BI'Y
Intel® FPGA Development Tools Support <URL:
6 https://www.intel.com/content/www/us/en/programmable/products/design-software/fpga-
design/quartus-prime/support.htm|>
7 MAPCOXO/[ Open Source Hardware Project <URL.: https://marsohod.org>

16. YueOHO-MeTOAMYECKOE 0GecneyYeHmne Ansi opraHu3aLmm caMoCToATeNIbHOW paboThbl:

Ne

NcTouyHuK
n/n

Asbik Verilog 1 npoektupoBaHue umndposbix yctponcts Ha MITNC : yyebHo-meTogmyeckoe
1 | nocobwue / E.B. boratukoe, A.H. LLlebaHoe .— BopoHex : N3paTtenbckun gom BIY, 2018 .—
60 c.

Boratunkos, EsreHnn BacunbeBmdy. OCHOBbI MPOEKTUPOBAHUS YCTPOWCTB TBEPLOTENbHOM
2 | aNeKkTpoHuKM : y4yebHo-meToamdveckoe nocobue / E. B. boratukos, A. H. Le6aHos, E.H.
BopmoHTOB .— BopoHex : NsgaTenbckun gom BI'Y, 2020 .— 56 c.



https://biblioclub.ru/index.php?page=book&id=573770
http://www.lib.vsu.ru/

17. O6bpa3oBaTesibHble TEXHONOrMU, UCNoNb3yeMble NMpU peanusaumm ydyebHon amcum-
NSVHbI:

B yueGHOM npouecce ucnonb3ylTca cnegyrowme obpasoBaTenbHble TexHonormu. o
obpasoBaTtenbHbIM dopMaMm: nekunn; nabopaTopHble 3aHATUSA; MHAUBMAYaNbHbIE 3aHATUA. 1o
npeobnagawwmm Metogam M npuemMam obyveHusa: oObACHUTENbHO-UNMOCTPATUBHbIE (06b-
SICHEHMe, MOKa3—AeMOHCTpauusa y4ebHoro maTepuana u Ap.); aktuBHble (aHanm3 yyebHon u
Hay4yHOW NuTepaTypbl, COCTABEHNE CXEM U AP.) N UHTEPAKTMBHbIE, B TOM YMCIE U FPynnoBble
(B3aumHoe oby4eHne B hopMe MnoAroTOBKM M OBCYXXKOEHMS AO0KNa[oB); UH(POPMALNOHHBIE;
KOMMbIOTEPHbIE; MyNnbTUMeAuNHbIe (paboTa C canTamyn akageMU4Yecknx CTPYKTYp, HayyHO-
nccnenoBaTenbCKUX OpraHn3aunin, aNeKTPOHHbIX BMbnnoTek n ap., paspaboTka npeseHTauun,
coobLleHnn n goknagos, paboTta ¢ aNeKTPOHHbIMK Oby4YaloLWMM NporpaMmmamMmm 1 T.1.).

18. MaTepnanbHoO-TeXHUYECKOE obecneyeHme AUCLUNIINHDI:

YyebHas ayantopusa ansa npoBeeHnsa 3aHATUM NEKLMOHHOIO Tuna U NpakTU4YeCcKuX 3aHATUN -
MYNbTUMEANNHBIN KabuHeT kadeapbl PIMMMI: cTaumMoHapHbIN MYyNbTUMEANNHBIN NPOEKTOP
Acer X125H — 1 wr., Hoytbyk emachines €510 — 1 wrT.; Microsoft Windows 7, Windows 10 go-
rosop 3010-15/207-19 ot 30.04.2019

YyebHas nabopatopns MUKPOMPOLECCOPHbLIX CUCTEM: OTMad04YHble KOMMIIEKTbl MWUKPO-
KoHTponnepa K1986BE92QI - 6 wrt., otnagoyHble komnnekTol MINC Altera MAX Il - 8 wr.,
komnbtoTepbl Lenovo V520-15IKL - 8 wT., undposble ocumnnorpagsl UTD2025CL - 3 wr.,
dyHKUMOHanbHble reHepatopbl UTG2025A - 3 wT., uctoyHukn nutanms QJ1503C — 3 wr.,
MynbTUMeTpPbI undposble UT39B — 3 wT., Tenesusop LED 48” — 1 wr.; Microsoft Windows 10,
poroop 3010-15/207-19 ot 30.04.2019, cBob6oaHo pacnpocTtpaHsemoe MO Quartus Prime
18.1 Lite Edition

Ayauntopusa ans camocTtosTenbHon paboTtbl cTyaeHToB: CepBep Ha 6ase 2-x nNpoueccopoB
Xeon E5-2620 v3. — 1 wr., komnbtoTepbl HP ProDesk 400 G6 SFF — 9 wrt., kKOMNblOTEPDI
Pentium Dual Core - 2 wrt. , nogkrnoyeHHble K ceTn VIHTepHeT 1 ¢ obecneyeHmem gocTyna K
3MEKTPOHHOW WHGOPMaUNoHHO-0bpa3oBaTtensHon cpeae BIY; Microsoft Windows 7, gorosop
3010-15/207-19 ot 30.04.2019

19. OueHo4Hble cpeacTBa Ansd nposeneHusA TeKyI.Ll,eI7I n HpOMe)KyTO‘-IHOﬁ aTtTecTtauum

MopsiAoK OLEeHKM 0CBOEHMS 0DyYatoLmMMmcst y4eGHOro MaTepurana onpeaensieTcs co-
AepXKaHneM crefyoLmx pasgenos AUCLUMINHDIL:

WNHavkaTto-
Ne HanmeHoBaHue Komne- pbl 4OCTU- OueHo4Hble
n/n pasgena aucUUnmuHbI TEHUMNA | XKEeHUS KOM- cpefcrea
neTeHumm
1 | BBegeHne B apxuTekTypy MK-3 MK-3.1, TecTbl, BONpOCHI, NnabopaTop-
nnuc MK-3.2, Hble paboTbl
MK-3.3
2 | OcHosBbl si3blka Verilog MK-8 MK-8.1, TecTbl, BOonpochkl, nabopatop-
MK-8.2 Hble paboTbl
3 | Bepudukaums HDL-onncaHus MK-7 MK-7.1, TecTbl, Bonpockl, nabopaTop-
MK-7.2, Hble paboTbl
MK-8 MK-8.2
4 | MNapameTpusyemble mogenu B MK-8 MK-8.1, TecTbl, Bonpockl, nabopatop-
Verilog MK-8.2 Hble paboTbl
5 | CornacoBaHne TakTOBbIX [O- MK-8 MK-8.1, TecTbl, Bonpockl, nabopaTop-
MEHOB MK-8.2 Hble paboThl
6 | Vicnonb3oBaHWe KOHEYHbIX aB- MK-8 MK-8.1, TecTbl, BONpockI, abopaTop-
TomaToB B Verilog MK-8.2 Hble paboTbl




NHogunkaTto-
Ne HanmeHoBaHve Komne- pbl 4OCTU- OueHoYHble
n/n pasgena AncuuniuHbI TEHUMUS | KEHUS KOM- cpeactea
neTeHumm
7 | KoHBeliepHas obpaboTka AaH- MK-8 MK-8.1, TecTbl, BONpPOCHI, NabopaTop-
HbIX Ha Verilog MK-8.2 Hble paboThl
. Komnnekt KUM
MpomexyToyHas atTectaums: dopma KOHTPONS —aK3amMeH

20 TunoBble OULEHO4YHbIE CpeAcTBa U MeToAUYECKUe MaTepuanbl, onpeaensowme npo-
ueaypbl oLueHUBaHUA

20.1 TeKywWwMN KOHTPOJSb yCNeBaeMocTu

TeKyLUMIA KOHTPOSb yCNeBaeMocCTh No AUCUMNIINHE OCYLLECTBNSETCA C NOMOLLbIO Crie-
AYIOLNX OLLEHOYHbIX CPeACTB: TECTOBbIE 3a4aHnst, OTYETLI O BbINONHEHMM NabopaTopHbIX pa-
00T, OTBETbLI Ha BONPOCHI

TecTOBbI€ 3agaHuA

1. MNpn nomowm Kakoro onepartopa sA3blka Verilog MOXHO M3MEHATb 3HAYeHMe curHana Tuna
wire?

BapuaHTbl oTBETA:!

A) assign

B) always

C) initial

D) case

E) while

MpaBunbHbIN OTBET: A.

2. Kakne n3 onepatopoB s3blka Verilog siBnsitoTca napannenbHbIMn?
BapuaHTbl oTBETA:!

A) assign

B) always

C) case

D) if

E) for

MpaBunbHbIN OTBET: A, B.

3. Kakne onepatopsbl a3blka Verilog sBnstoTca nocnegosaTenbHbIMU?
BapuaHTbl oTBeTa:!

A) case

B) for

C) always

D) assign

E) initial

MpaBunbHbIN OTBET: A, B.

4. Kakas a3blkoBas KOHCTpykuus Verilog He siBnaeTcs cuHTe3abenbHoOmn?
BapuaHTtbl oTBeTAa:

A) always #(5) a=~b;

B) assign a=~b;

C) always @(negedge b) a<=~c;
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D) assign a=(b<c)?0:1;
E) assign a=(b>c)?1'b1l:1'bz;
MpaBunbHbIV OTBET: A.

5. Kakoe yTBepxaeHne oTHOCUTENBbHO NOPTOB MOAYNA TeCTOeH4Ya ABnseTcs BEPHbIM?
BapuaHThl oTBETA:

A) moaynb TecTbeH4Ya He CoaepPXKUT NOPTOB

B) B Mmogyne TectbeH4a He JOMKHO ObiTb BXOAOB, HO OOKHbI ObITh BbIXOAbI

C) B Moayne TectbeH4a He OOSMKHO ObiTb BbIXOAOB, HO AOSTKHbI ObITh BXOAbI

D) mogynb TecTbeHYa A4OMKEH MMETb U BXOAbI, N BbIXOAbI

E) mogynb TectbeH4a JomKeH MMEeTh TONbKO ABYHanNpaBrieHHbIE NOPThI

[MpaBunbHbIN OTBET: A.

6. Hangnte HeBepHoOe yTBEpXXOeHMe Npo onepaTtop initial.

BapuaHTtbl oTBeTa:

A) onepartop initial gormkeH pacnonaraTbCca nepen oneparopamum assign u always

B) onepaTop initial ncnonb3dyeTcs npu HannucaHun TectTbeH4Yemn

C) onepaTop initial oTHoCKTCA K NapannenbHbIM onepatopam

D) onepartop initial 3anyckaeTcsa Ha BbINONHEHWe OAUH pas

E) BHyTpu onepatopa initial MOXHO HaCTpOUTb COXpaHeHMe pe3ynbTaToB U  MNpo-
AOIMKUTEITbHOCTL MOAENMPOBaHUA

MpaBunbHbIN OTBET: A.

7. BoibepuTe, KakomMy afieMEHTY COOTBETCTBYET CreayLmin Ko Ha a3bike Verilog:
module nemo(a,b,c);

input a,b;

output reg c;

always @(negedge a) c<=b;
endmodule

BapwnaHTbl oTBETA:

A) D-Tpurrep, TakTupyembi No 3agHeMy POHTY
B) D-Tpurrep, TakTMpyembii No nepegHemMy poHTY
C) mynbTnnekcop

D) caosurosbi pernctp

E) aByHanpaBneHHbIn 6ydep

MpaBunbHbIN OTBET: A.

8. Bbibepute, KakomMy arieMeHTy COOTBETCTBYET CreayoLwmin Ko Ha a3bike Verilog:
module nemo (a, b, ¢);

input a, b;

output c;

assignc=a?b: 1bz
endmodule

BapuaHTbl oTBeTa:!

A) Bydep ¢ z-cocToAHNEM

B) komnapaTop

C) RS-Tpurrep

D) mynbsTunnekcop

E) npnoputeTHbIN WngpaTtop
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[MpaBunbHbIV OTBET: A.

9. BbibepuTte, kakoMy areMeHTy COOTBETCTBYET cnefyroLmii kog Ha s3bike Verilog:
module nemo (a, b, ¢);
input [1:0] &;
input [3:0] b;
output c;
reg d;
always @(a)
begin
case (a)
2'b00 : d<=b][0];
2'b01 : d<=b[1];
2'b10 : d<=b[2];
2'b11 : d<=b[3];
endcase
end
assign c =d;
endmodule

BapuaHTtbl oTBETa:

A) MynbTMnNnekcop

B) Tpurrep

C) coBuroBbIn permucTp
D) komnapatop

E) ToxxgectBeHHOCTb

MpaBunbHbIN OTBET: A.

10. BbibepuTe, KakoMy anemMeHTy COOTBETCTBYeT creayroLmnn ko Ha sa3bike Verilog:
module nemo (a, b, ¢);

input a, b;

output [7:0] c;

reg [7:0] d;

always @ (posedge a) d<={d[6:0],b};

assign c=d;
endmodule

BapuaHTbl oTBeTa:!

A) cOBWroBbIN perncTp

B) JK-Tpurrep

C) aByHanpaBrieHHbI NopT
D) mynbTunnekcop

E) wundpatop

MpaBunbHbIN OTBET: A.

11. Kakve 13 HmxkenepevmncneHHblX onnMcaHnin NopToB He MOryT BbITb NpaBUbHLIMU UNN O0-
CTaTOYHO MOMHbIMY (CUrHanel a, b meroT Tmn wire)?
BapuaHTtbl oTBeTAa:
A) module nemo(input a, output b);
B) module nemo(a, b);
input a;
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output b;
C) module nemo(a, b);

wire a;

wire b;
D) module nemo(input wire a, output wire b);
E) module nemo(a, b);

MpaBunbHbI oTBET: C, E.

12. CocTaBbTe COBMELLEHHYIO TabnuLy nepexonoB U BbIXOOB KOHEYHOro aBTomara, cooT-
BETCTBYHOLLYIO criegytoLemy rpady KoHe4YHoro aBTomaTa:

PeweHue:

3aronoBoYyHbIN cTonbew, Tabnuubl JOMKEH cogepXaTb BCe BXOAHblIE COCTOSIHUS aBTOMa-
Ta, a 3arofloBoYHas CTpoka — BCe BHYTPEHHME COCTOsIHMSA aBTomMaTa. Ha nepeceyeHnn cTpok u
CTONBLOB A0SMKHbI HAXOAUTLCS COCTOSIHUS aBTOMaTa, B KOTOpPbIE OH NepenaeT U3 TEKYLLEro
COCTOSIHUSA (yKa3aHHOro B COOTBETCTBYHOLLEN SSYEMKE 3arofloBOYHOMN CTPOKKW) Nog, AENCTBUEM
TeKyLLero BXo4HOro COCTosiHUSA (YKa3aHHOro B COOTBETCTBYIOLLEN S4ENKe 3arofIOBOYHOMO
ctonbua). BmecTte ¢ BHyTPEHHUMU COCTOSHUSAMM aBTOMaTa YKa3blBalOTCH COOTBETCTBYHOLLME
BbIXO4Hbl€ COCTOSIHUA. [N Tex NepexoaoB, KOTOPbIM HEe COOTBETCTBYIOT pebpa rpados, yka-
3bIBAOTCHA MPOYEPKMN.

OTBeT:
X\S SO S1 S2
X0 S0/YO S1/Y1 S2/Y0
X1 S1/Y1 - -
X2 - S2/Y0 S0/YO

13. 306pa3uTe rpac kKOHEYHOro aBTomMaTa, COOTBETCTBYIOLNIA crieaytollen Tabnuue nepe-
XO[0B 1 BbIXOLOB KOHEYHOro aBTomara:

X\S SO S1 S2

X0 S0/YO0 S1/Y1 S2/Y0
X1 S1/Y1 S1/Y1 S2/Y0
X2 S0/YO0 S2/Y0 S0/Y0

PeweHune:

3aronoBo4HbIN cToNbew Tabnuubl COAEPXUT BCE BXOAHbIE COCTOSIHUS aBTOMaTa, a 3aro-
NI0OBOYHasi CTpPOKa — BCe BHYTPEHHME COCTOSIHNA aBToMaTa. Ha nepecedeHnn cTpok un ctonb-
LOB HAaXoQATCsa COCTOSIHMSA aBTOMaTa, B KOTOPbIE OH NepenaeT u3 TeKyLLero CocToaHus (yka-
3aHHOI0 B COOTBETCTBYHOLLEN A4YEliKe 3arofloBOYHOM CTPOKKW) Nog AENCTBUEM TEKYLLIETO BXOA-
HOro COCTOSIHWS (YKa3aHHOro B COOTBETCTBYIOLLEN S4eike 3aronoBoYvHoro cronéua). Bmecre ¢
BHYTPEHHMMW COCTOSAHUSIMM aBTOMAaTa YKa3blBalOTCA COOTBETCTBYHOLLME BbIXOAHbIE COCTOSA-
Hu1a. [Ina Tex nepexonos, KOTOPbIM HE COOTBETCTBYIOT pebpa rpadoB, yka3biBaloTCA Npoyep-
K.

OTBeT:



0, x1

14. CoctaBbTe COBMELLEHHYIO Tabnuuy nepexoqoB U BbIXOAOB KOHEYHOro aBToMarta, cooT-
BETCTBYIOLLYIO CrnefyoLeMy onucaHuio Ha a3bike Verilog:
module FSM (output reg YO, Y1, input X0, X1, X2, X3, X4, clk, rst_n);

reg [1:0] state, next;

always @(posedge clk or negedge rst_n)

if (Irst_n) state <= 2’b00;
else state <= next;
always @*
begin
next = 2'bx;
case (state)
2’b00: begin
if (X0) next = 2’b01;
if (X1) next = 2’b00;
YO0 = 1b1;
Y1 =1b0;
end
2’b01: begin
if (X3) next =2’b10;
if (X2) next = 2’b01;
if (X4) next = 2’b11;
YO0 = 1’b0;
Y1 =1b1;
end
2’b10: begin
if (X3) next = 2’b11;
if (X4) next = 2’b10;
YO0 = 1’b0;
Y1 =1b1;
end
2’b11: begin
if (X1) next = 2’b00;
if (X0) next = 2’b01;

YO0 = 1b1;
Y1 =1b0;
end
endcase
end
endmodule

PelwieHne:
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3aronoBoYyHbIv cTonbey Tabnuubl JOMKEH coaepKaTb BCE BXOAHbIE COCTOAHNA aBTOMa-
Ta, a 3arofoBOYHas CTpoka — BCe BHYTPEHHME COCTOsIHMSA aBToMaTa. Ha nepeceyeHnn cTpok u
cTON6UOB AOMKHBbI HAXOAUTLCA COCTOSIHUSA aBTOMAaTa, B KOTOpbIE OH NepenaeT u3 TeKyLero
COCTOSIHMSA (yKa3aHHOro B COOTBETCTBYHOLLEN SiHEKe 3arofioBOYHOM CTPOKN) Nog A4ENCTBUEM
TeKyLLero BXo4HOro CoCTosiHUSA (YKa3aHHOro B COOTBETCTBYIOLLIEN S4eNKe 3arofIoBOYHOMO
ctonbua). BmecTte ¢ BHyTPEHHUMUN COCTOSHUSAMU aBTOMaTa yKa3blBalOTCH COOTBETCTBYIOLLME
BbIXOAHbIE COCTOSAHUA. [ANsA Tex Nnepexoaos, KOTOPbIM HE COOTBETCTBYIOT pebpa rpados, yka-
3bIBAOTCHA NPOYEPKN.

KonnyecTtBO BHYTPEHHUX COCTOSHU aBTOMaTa ornpeaenseTcsa onepatopom case. B gaH-
HOM crny4ae 370 4 cocTosAHUA. KonmyecTBO BXOAHbLIX Y BbIXOAHbLIX COCTOSIHUIA onpeaensaeTcs
CTPOKOM-3arofloBKOM MOAyn4.

OTBeT:
X\S SO S1 S2 S3
X0 S1/Y1 - - S1/Y1
X1 S0/YO - - S0/YO
X2 - S1/Y1 - -
X3 - S2/Y1 S3/Y0 -
X4 - S3/Y0 S2/Y1 -

15. MNepepaya gaHHbIX No uHTepdency SPI B pexxume ModeO oT BefyLLero K Be4oMOMy nme-
eT cneayoLlyto cneumdmkaunio: NnepBbin NPUHUMaeEMbIN OUT UTHOPUPYETCH, BTOPON BUT O3Ha-
YyaeT nopsaaok nepedaBaemMblx AaHHbIX (0 - nepBbIM NepegaeTces ctapwmnm 6uT uncna, 1 - nep-
BbIM nepegaeTca Mnagwum 6mut yucna), cnegyowmne outobl - nepeagasaemoe yucno. MNepenave
Kakoro 4mcra cooTBeTCTBYEeT NpuBeAeHHasi BpeMeHHasa anarpamma? (OTBET ykasaTb B Aecs-
TUYHOM chopmarte)

< 7 a
o T

PeweHue:

Mpn nepepaye gaHHbIX N0 nHTepdgency SPI B pexxnme ModeO oT BeayLero K Be4oMoMy
Heob6xo4MMOo cunTbIBaThb AaHHble curHana MOSI no nepeaHemy poHTy curHana SCK. Ha
npuBeaeHHOM AnarpaMmme nepegaeTcs cneayouwias nocnegosartensHocts 6uT: 0,0,1,1,0,1,0,0
(cnea — nepBbIt NepegaBaeMbli 6uT). MNepBbI NepegaBaembli GUT COrNacHO YCNOBUIO UT-
HopupyeTcs. PaBeHCTBO Hynto BTOPOro nepegaBaemMoro 6uta o3Ha4yaeT, YTO B NOCNeAyoLmnx
nepegasaemblx butax cHavyana nget ctapwuin 6uT nepegasaemoro Ynucna. Takum obpasom, B
ABOVYHOM Buae 6birio nepegaHo vmcno 110100,, yto cooTBeTCTBYET YnCny 5259 B 4ECATNY-
HOW CUCTEME CUYUCTEHUS.

OrtBerT: 52.

16. MNepenaya gaHHbIX No uHTepdency SPI B pexxume ModeO oT BegyLLero K Be4oMOMY UMe-

eT crneayLLylo cneumdmrkaumnio: nepebii NPUHUMaEMbI GUT UTHOPUPyeTCs, BTOPOW BUT o03Ha-
YaeT nopsaok nepegaBaembix gaHHbIX (0 - nepBbIM NepefaeTca ctapwmm 6ut yncna, 1 - nep-
BbIM NepegaeTcs Mmnagawmin 6ut yncna), cnegyowime 6utel - nepegaBaemoe Yncro. lNepegave
KaKoro ymcria CooTBeTCTBYET NpMBeAEHHas BpeMeHHada agnarpamma? (oTBeT 3anucatb B gecs-
TUYHOM)
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PeweHue:

Mpn nepenaye gaHHbIX No nHTepdgency SPI B pexrme ModeO oT BeayLero K Be4oMoMy
Heob6xo4MMo cuMTbIBaThb AaHHble curHana MOSI no nepeaHemy poHTy curHana SCK. Ha
npuBegeHHOM AnarpaMmme nepegaeTcs cneayowias nocnegosartensHocTs 6uT: 0,1,0,1,0,1,0,1
(cnesa — nepBbIN NepegaBaembIn OuT). NepBbIn NepefaBaemMbln BUT COrnacHO YCrNoBUKO Ur-
HopupyeTcs. PaBeHCTBO eAnHWLLE BTOPOro nepegaBaemoro 6uta o3HavaeT, 4To B nocnenyto-
WX nepefaBaeMblx BuTax cHavana uaeT mnagwun Ut nepegasaemMoro yucna. Takum obpa-
30M, B A4BOMYHOM Buae 6binio nepegaHo vncno 101010,, 4To cooTBETCTBYET Ymncny 421 B Ae-
CATUYHOM CUCTEME CUUCITIEHUS.

OtBerT: 42.

17. Kakas BpeMeHHasa gnarpaMmma COOTBETCTBYET criegyrowemy koay Ha asbike Verilog?
“timescale 1ns/1ns
module nemo();
reg a=0;
reg b=0;
initial
begin
#1 a<=1;
#1 a<=0;
#1 a<=1;
#1 a<=0;
#1 a<=1;
#1 $stop;
end
always @(posedge a) b<=!b;
endmodule
PeweHue:
B npuBegeHHom Verilog-mogenu curHan «a» U3MeHsaeTcs B onepaTtope nHiumnanuaaumm initial
Ha KaXKOM Luare MoaenvpoBaHus, KOTopbii coctaBngaeT 1 He. 3aMeHeHna nponssogaTes 5
pas, nocne 4Yero MoAenupoBaHne OCTaHaBnMBaeTCcs cucTeMHon dyHKumen $stop. HayanbHoe
3Ha4eHne curHana «a», 3agasaemoe npu obbaBneHnn curHana, pasHo 0. CurHan «b» name-
HAeTCcs onepaTtopom always no nepegHeMy pPoOHTY CUrHana «a» Ha UHBepPTMPOBaHHOE 3Ha-
YyeHue curHana «a». HavanebHoe 3HayeHue curHana «b» pasHo 0.

OTBeT:
[ s I s (N
fnemo/b | | ]
I

18. Kakasi 13 BpeMeHHbIX guarpammM COOTBETCTBYET NpuBeaeHHoOMY koay Ha Verilog?
‘timescale 1ns/1ps
module nemo();
reg a=o0;
reg b=0;
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wire c;

initial

begin

#5 $stop;

end

always #1 a <= la;

always #2 b <= 1b;

assignc=a &b;

endmodule

PeweHwe:
B npuseneHHom Verilog-mogenu curHan «a» UHBepTUpyeTcs B onepaTtope npouecca always
yepes 1 Hc, a curHan «b» - yepes 2 HC. HavanbHble 3Ha4YeHnsa aTux curHanos pasHbl 0. Cur-
Har «C» U3MEHHAEeTCSa onepaTopoM HenpepbIBHOrO NpucBanBaHus assign u npeacrasnseT co-
Bon pesynbTaT nornveckon onepaumm «M» Hag curHanamm «a» n «by.
OrtBer:

Mepe4vyeHb NabopaTopHbLIX paboT

JTabopaTopHas pabota Ne 1. CxemoTexHuyeckoe mogenunposanune LUT-anemenTa MNINC

JTabopaTopHas paboTta Ne 2. PaspaboTka mogenv kKombrMHaunMoHHOro yctponctea B Quartus.

JTabopaTopHasa pabota Ne 3. dyHKUMOHanNbHas BepudmKkauma KOMOMHALMOHHOIO YCTPOMUCTBA
¢ nomoubo Modelsim.

JTabopaTopHasa paboTta Ne 4. PaspaboTka u Bepudunkaums napaMmeTpmusoBaHHON MOAENN Tal-
mMepa.

JTabopaTopHas pabota Ne 5. Peanusauna SPI-untepderica onsa BeaoMoro ycTpomcTea

JTabopaTopHas pabota Ne 6. Peanusauunsa koHe4yHoro astomaTta Ha Verilog

JTabopaTopHas pabota Ne 7. KoHBenepHas peanunsauus apudmMeTUIeCKUX AeNCTBUN

MpuMepHbLIN NepeyYeHb BONPOCOB ANs TeKYLEero KOHTPONA ycrneBaeMoCTH

M3 kaknx anemeHToB coctomT LUT?

JTornyeckyro (pyHKUUIO Kakoro Yncna nepemMeHHblx MoxeT peanusoBath LUT, nmetowmin 64
peructpa?

Kakoe ycTponcTBO B cocTtaBe nornyeckmx anemenTos MITNC cnyxuT gna peanusauum no-
cnenoBaTeNbHOCTHLIX CXEM?

Kak ocyulectsnsieTca Komnunaumnsa nporpaMmmHoro koga B lcarus-Verilog ?

Kak HasbiBaeTcsa nporpamma-cumynatop B Icarus-Verilog ?

[ns yero ucnonb3yeTcs hann ¢ pacwmpeHmem .ved ?

B yem 3aknovaeTcsa oTnvumne napannenbHbiX ONepaTopoB OT NOCNeAoBaTeNbHbIX?

Kakumun moryT 6bITb HanpaBneHHOCTM NopToB B Verilog 1 B 4eM 3aKno4atoTcs UX OTNINYNA?
Kakue npasuna crnegyet NpUMEHATb NpU Ha3Ha4YeHUM TUNOB NOPTOB M CUTHANOB, NOLKMHO-
YaeMbIX K nopTam?

10.Kak peanusyeTcsa gByHanpasneHHbl nopT B Verilog?

11.YT0 Takoe z-cocTtosiHne?

12.470 o3Ha4vaeT 3anucb 4'b10xz ?

13.4Y710 o3HauvaeT napameTp time_precision AgnpekTnBbl komnunaTopa ‘timescale?

14.Kakne TpeboBaHusA HaknaabiBalOTCA HA NOPTbl TecTbeHya?

N =

w

©xo~NOo Ok
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15.Kaknm obpa3om B TeCTOEHHE MOXHO 3aaaTb NPOLAOMKUTENBHOCTE MOAENNPOBAHNA?

16. Mo>XHO nun peanu3oBaTb U3MEHEHMNE BXOOHbIX CUrHANoB nNpu noMoLuy onepartopa initial?

17.MoXHO nu ucnonb3oBaTb CUrHaM TuUna wire B NpaBoOW 4YacTu onepaTtopa npucBavBaHus
BHYTpW onepartopa npouecca always?

18.Kaknm obpa3om MOXHO peann3oBaTb BETBMEHME B onepaTope assign?

19.B yem 3akntovaTtcs otnnyme flip-flop Tpurrepos oT TpurrepoB-3awenok?

20.Kakune ycnosus 3anycka npouecca always sBnaioTcs cMHTe3abenbHbIMK, a Kakme — HeT?

21.B 4yem 3aknoyaetca OTNMYMe OObIYHbIX MYMbTUMNIIEKCOPOB OT  MYNbTUMMEKCOPOB-
CENeKkTopoB?

22.MynbTuUnnekcop Kakon pasMepHOCTU MOXET OblTb peannsoBaH nNpu NOMOLLM YETbIPEXBXO-
posoro LUT?

23.4BnsoTCcAa Ny onepaTopbl LUuKna cuHTesabenbHbIMn?

24.410 Takoe nogTAarvealroLLmnm pes3ncTop 1 Ansa Yero OH Ucrnonb3yeTca?

25.Tloyemy curHanbl, nogaBaemble Ha Bxoabl [MJIMC o0ObIMHO MMEKT B Ka4yecTBe aKTUBHOIO
YPOBHSA nornyecknm «0»?

26.Kak Bkno4aloTcs BHYTPEHHME NoaTarneatowme pesmctopbl B Quartus?

27.Kakyo HanpaBneHHoCTb ByayT MmeTb Heucnonb3dyemMble Bxoabl/Bbixoab! MIAC?

KpuTepumu oueHMBaHUA TeKkyLien ycneBaeMocTn

YpoBeHb
P Wkana

cchopmumpo-

- npeaBapuTenb-
Kputepumn oueHnBaHusa komneTeHunm BaHHOCTU
- HbIX OLIEHOK

KOMNeTeHuun
Obyualowminca B NoNHOM Mepe BriageeT MOHATUMHBLIM annapa-
TOM AaHHOM 06nacTy Hayku (TeopeTUYecKMMn OCHOBaMWU OMUC-

MoBblIweH- OmnuyHo
UMNAnHBL), cnocobeH  MnncTpupoBaTb OTBET NpumMepamu, HbIM VDOBEHb
akTamMu, AaHHbIMU Hay4YHbIX MCCrefoBaHWA, MPUMEHATb Teo- yp
peTuyeckne 3HaHWs ANs BbINOSIHEHUS TECTOB peLueHns NpakTu-
YeCKMX 3aay Npw BbINONHEHUN NabopaTopHbIX paboT
Ob6yuatowminca BnageeT MOHATUNHBIM annapaTtoM AaHHoW 06-
nacTun Hayku (TeopeTu4ecKkMMM OCHOBaMu OUCLMMIIVHGI), AoMnycC- BasoBbii XoDpowo
KaeT He3HaunTesnbHble OWNOKM NPU BLINOIHEHWM TECTOB U Na- YPOBEHb P
OopaTopHbIX 3agau
Obyualowminca BnageeT YaCTUYHO TeOpeTU4EeCKMMM OCHOBaMMU -

MoporoBbii Ydosnemeopu-
ANCUMNANHBI, doparMeHTapHO cnocobeH MPOXOAnUTb TeCTMPOBa-

YPOBEHb mesibHO

HMe 1 BbINONHATL NabopaTopHble 3a4aHuns
HeynosneTBopuTenbHOE BbINOSIHEHWE TECTOBbLIX 3adaHuni. OBy-
YalLUNCH OEMOHCTPUPYET OTPbIBOYHbIE, doparMeHTapHble 3Ha- B Heydosnemeopu-
HWUs, AonyckaeT rpyoble OWMOKN NpY BbINOSIHEHUN  NpaKTUye- mesibHO
CKMX 3agad nabopaTtopHbIX paboT

20.2 NMpomexyToyHas aTrectayms

MpomexyTodHas aTTecTaums No AMCUMMNITMHE OCYLLECTBNSETCS C NMOMOLLbIO creayto-
LLIMX OLIEHOYHbIX CPEACTB:

Komnnekt KUM

KoHTponbHO-uamMeputenbHbIn maTepuan Ne 1
1. Knaccudukaumsa n obnactn npumenenms MINC.
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2. Onepauum B a3bike Verilog.

KoHTpOonbHO-nameputenbHbIn maTtepuan Ne 2

1. O6wasa cTpykTypa normnyeckoro anementa MNINC.

2. AnpexkTnBbl KOMNUIATOPA N CUCTEMHbIE DYHKLINN.
KoHTponbHO-u3MeputenbHbin matepmuan Ne 3

1. Cnocobbl peanuaaumn normdeckmx pyHkumm 8 NINC.

2. MapannenbHbI onepaTop ANA U3MeHeHust curHanos Tuna wire B Verilog.
KoHTponbHO-u3meputenbHbin matepuan Ne 4

1. Mporpammupyemasn kommyTtauma B MJIAC.

2. MapannensHbI onepaTop ANA n3MeHeHUst curHanos Tuna reg B Verilog.
KoHTponbHO-u3MmeputenbHbin maTtepuan Ne 5

1. NMopcuctema BBoaa-sbiBoaa B MJINC.

2. CTpyKTYypHOE onucaHue n noBegeH4Yeckoe onucaHme yCTponcTea.

KoHTponbHo-uamepurtenbHbin matepuan Ne 6
1. O6was ctpyktypa Verilog-npoekra.
2. MocnepoBaTenbHble onepaTopbl NpuceanBaHus B Verilog.

KoHTponbHO-u3smeputenbHbIi MmaTepuan Ne 7

1. CwuHTakcuc onncaHnsa mogyns.

2. MocnepoBaTernbHbIE OnepaTopbl BeTBNEeHUs 1 Bbibopa B Verilog.
KoHTponbHO-u3meputenbHbin matepmuan Ne 8

1. CwurHanel Tvna reg n wire B Verilog.

2. MocnepoBaTenbHble onepaTopsbl Lmkna B Verilog.
KoHTponbHO-u3meputenbHbin matepmuan Ne 9

1. Tunbl gaHHbIX B Verilog.

2. dyHKUuMoHanbHasn Bepudukaums HDL-onucaHums. MNoHsaTne cuHTe3abenbHOCTM.
KoHTponbHO-u3meputenbHbin matepman Ne 10

1. MoHnatne npouecca B Verilog.

2. KoHBerepHas obpaboTka aaHHbIX Ha Verilog.
KoHTponbHo-uamepurtenbHbin maTtepuan Ne 11

1. IMporpammunpoBaHne KoHeYHbIx aBTomaToB B Verilog.

2. MoHsTMEe MeTacTabunbHOCTU TPUITEPOB.
KoHTponbHo-uamepurtenbHbin maTtepuan Ne 12

1. CornacoBaHue TaKkTOBbIX JOMEHOB C MOMOLLBIO PEMUCTPOB CABUIA.

2. MapameTtpusyemblie mogenu B Verilog.

OnucaHue TexHONorMn NpoBeAeHUsA NPOMEXYTOYHOWN aTTecTauum

[MpomexyTouHast aTtTectaums no gucUMniMHe — 3k3ameH. B npunoxeHuwe kK gunnomy
BHOCUTCSH OLEeHKa Omsiu4HO/Xopowo/ydoeriemeopumeribHO.
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OueHka ypOBHSA OCBOEHUS AucUMnIMHbL «[1poekTupoBaHue LMEpPOBbLIX YCTPOUCTB Ha
Verilog» ocyLiecTBnseTca no cneayowmm nokasatensim:
- Ka4eCTBO 1 CBOEBPEMEHHOCTb BbINOSHEHMS NabopaTopHbIX paboT;
- MOMHOTa OTBETOB Ha BOMPOCHI KOHTPOSIbHO-U3MEPUTENBHOIO MaTepuana,
- NOMHOTa OTBETOB Ha AOMOMHUTENbHbIE BOMPOCHI.

Kputepum oLeHKn ocBoeHus gucumnnuHbl «lpoektnposaHne LNGPOBLIX YCTPOUCTB Ha
Verilog»: (unu Tabnuua)

— OLEeHKa om/iu4HO BbICTaBMNSETCA NPW NOSTHOM COOTBETCTBUM paboTbl CTyAeHTa BCEM
BbllleyKa3aHHbIM nokasatensMm. CooTBeTCTBYeT BbiCOKOMY (yrry6neHHomy) ypoBHKO cdop-
MMUPOBAHHOCTN KOMMNETEHLMA: KOMMNETEHUUN CHOPMUPOBAHbI MOSMHOCTLIO, MPOSABASAIOTCA Y
NCNONb3yITCA CUCTEMATUYECKM, B MNOMHOM obbeme. [daHHbIM ypOBEHb MPEBOCXOAUT, MO
KpanHen mepe, No OAHOMY U3 NepPEeYMCIIEHHbIX BbILLE NoKasaTesien NOBbIWEHHbIN (NPOABUHY-
TbI) YPOBEHb;

— OLUEHKa Xopowo BbICTaBrnseTcs B criydae, ecnv pabota cTygeHTa npu OCBOEHMU
ANCLMNIIMHBbI HE COOTBETCTBYET OAHOMY M3 MEPEeyYMCIIeHHbIX MNokasaTenen unm B criyvyae
npefoCcTaBeHNs KypCcoBbIX paboT 1 oT4eToB Mo NlabopaTtopHbiM paboTaM MO3Xe yCTaHOB-
neHHoro cpoka. CooTBeTCTBYET NOBbLILLEHHOMY (MPOABUHYTOMY) YPOBHIO CCOOPMUPOBAHHOCTH
KOMMNeTEeHUM: KOMNEeTEHUMN B LeNOM COpMUPOBaHbI, HO MPOSBIAIOTCS U UCMOMb3YHTCA
oparMeHTapHo, He B NOSTHOM obbeme. [1aHHbIN YpOBEHb NPEBOCXOANT, MO KpanHen mepe, rno
OAHOMY M3 NEPEYNCIIEHHbIX Bbille nokasaTenen Nnoporosbl (6a30BbIN) YPOBEHD;

— oueHKa ydosriemeopumesibHO BbICTaBMASETCH B criyyae, ecnv paboTa cTyaeHTa npwm
OCBOEHUN OMCUUNMNHBI HE COOTBETCTBYET MobbiM OBYM M3 MEPEYUCIIEHHbIX NoKasaTenemw.
CooTtBeTcTBYET NoporoBomy (6a3oBomy) YpOBHIO CCPOPMUPOBAHHOCTU KOMMETEHLMI: KOMMe-
TEeHUMM CPOpMUPOBaHbI B OBLLMX YepTaX, NPOSABAATCA M UCMOMb3YHTCA CUTYaTUBHO, Ya-
CTMYHO. [JaHHbIN ypoBeHb 0bsi3aTerneH Ana Bcex 0CBavBaloLnX OCHOBHYO obpasoBaTernbHyo
nporpammy;

— OUeHKa HeydoeriemeopumesibHO BbICTaBMNSETCH B Crydae HeCcooTBETCTBUS paboThl
CTydeHTa BCeM MoKasaTensam, ero HeopraHM3oBaHHOCTUN, 6€30TBETCTBEHHOCTUN M HU3KOMO Ka-
yecTBa paboTbl nNpu BbINOAHEHUM nabopaTopHbiX paboT, NPeayCMOTPEHHbLIX NPOrpamMmMon
ANCLUNIINHBI.

®akT HeBbINONHeHWs TpeboBaHW, NPeabsaBsSeMbIX K CTYAEHTY Npy OCBOEHUN AUCLMU-
nNuHbl «lpoekTupoBaHmMe UMGPOBLIX YCTPOMUCTB Ha Verilog» U OoTpaXeHHbIX B Bblllenepe-
YUCMEHHBIX KPpUTEPUSX, PUKCUpyeTCs B BEOOMOCTU OLIEHKOWN Heydo8/1emeopumersibHO.

Ecnun cTygeHT He ocBaMBaeT AUCLMNIMHY B YCTaHOBMIEHHOM nporpamMmmMon obbeme 1 B
CpOKW, onpeaeneHHble rpadmkom y4ebHOro npouecca, OH He O0MyCKaeTCs K NPOMEXYTOYHOM
aTTecTauum no gaHHomy Buay ydyebHon paboTsbl.
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OnucaHue WKanbl, NOKasatenen n KputepueB oueHNBaHuUA KOMMNeTeHUuUn (pESyHbTaTOB O6yquMﬂ)

KomneTeHuus

NokasaTenb
cthopMnpoBaHHOCTN KOMMe-
TeHUMN

LLikana vn kpuTepun oLeHnBaHus
YPOBHSI OCBOEHUSI KOMNETEHLIMM

OMmJIuU4HO

Xopouwo ‘ ydoeriemeopumesibHoO ‘ HeydoeriemeopumeribHO
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MK-3 - CnocobeH aHa-
nn3npoBaTb COCTOSIHWE
Hay4YHO-TEXHNYECKOMN

npobnembl NyTém noa-
Gopa, n3lyyeHusa n aHa-
nMsa nuTepaTtypHbIX U
MaTEeHTHbIX UCTOYHMKOB

3HaeT:

- apxutekTypy MNJNC;

- NpuHUUNbl paspaboTkm HDL-
onucaHum undpoBbIX
YCTPOWUCTB;

Ywmeer:

- COCTaBnsiTb OMucaHwe anro-
putMa  (PYHKUMOHUPOBAHNA U
ymkrorpaMmmbl pabotbl CHK;

- NnpumMeHsTb A3blk Verilog ans
co3faHus CuHTe3abenbHbIX
HDL-onncaHumn LMdpOoBbIX
YCTPOWCTB MO TEeXHUYECKOMY
3a4aHuio;

- paspabaTbiBaTb METOAUKY Te-
CTMpPOBaHMS M MPOBOAUTb
OYHKUMOHanNbHY0  Bepudmka-
unto HDL-onucaHus;

- NPOBOAWTb KOHUrypmpoBa-
Hue MJINC u TecTMpoBaHue 3a-

KOHYEHHOro umcpoBoro
ycTpouncTtea Ha 6ase MJINC;
- BbIMNOJTHATb TEXHUKO-

9KOHOMMYECKMIA aHanun3 no Bbl-
6opy apxutekTypbl CHK;

- 000CHOBbIBaTb NPMHUMAaEMbIE
peleHns no BbIOOpYy apxuTek-

Typbl CHK
Bnapgeer:
- nporpaMMHbIMKU CpeacTBamu
peanusauuu LMpOoBbIX

YCTPONCTB

CdopmmpoBaHbl
3HaHUS

CdopmupoBaHHsbIe,
HO  cogepXxaime
OoTAenbHble npobe-
nbl B 3HAHUAX

HenonHble 3HaHUA

dparmeHTapHble 3HaHUS
Mnn oTCYyTCTBUNE 3HAHUM
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MK-7 - TotoB onpeae-
NaTb Uenu, ocyLlecTs-
NATb NOCTAHOBKY 3ajad
NPOEKTUPOBaHUSA 3rek-
TPOHHbIX npnbopos,
CXEM W YCTPOWCTB pas-
NINYHOTO dyHKLMO-
HanbHOrO HasHayeHus,
noarotaBnuBatb  Tex-
HU4Yeckue 3afaHusa Ha
BbIMOMIHEHNE  MPOEKT-
HbIX paboT

3HaerT:

- A3bIKM ONUCaHWs annapartypbl;
- MeToauku Bepudmkaumm no-
BedeHYecknx mogenen umdpo-
BbIX OIOKOB;

Ymeer:

- ucnonb3oBaTb A3bIKM ONUca-
HUSA annapaTypbl NpU NPOEKTU-
poBaHun UMGPOBbIX 6GrokoB
CHK;

- dopmynupoBaTb  3agauu
OYHKLUMOHANBbHON N BPEMEHHOM
Bepudmkaumm undpoBbix 6no-
koB CHK;

- npou3BoauTb BbIGOp MeToaM-
Kn Bepudmkaumm noBeaeHYe-
CKMX Mogernen umdpoBbix 61o-
KOB

CdopmupoBaHHoe
yMeHne

YcneulHoe, HO co-
aepxawee oT-
AernbHble npobenbl
yMeHve

YcnewHoe, HO He cu-
CTEMHOEe YyMeHue

dparmeHTapHble yme-
HWS UK OTCYTCTBUE
YMEHWN
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MK-8 - CnocobeH npo-
eKTMpoBaTb yCcTpon-
cTBa, npubopbl M Cu-
CTeMbI 9NEKTPOHHOM
TEXHUKN C y4eTOM 3a-
OaHHbIX TpeboBaHMi

3HaeT:

- A3bIKM ONUCaHUS annapaTypbl;
Ywmeer:

- MCMNONb30BaTb $A3blkM Onuca-
HWS annapaTtypbl NPy NPOEKTU-
poBaHUN  LMAPPOBbLIX BokoB
CHK

Ymeer:

- NpuMmeHaTb A3blk Verilog ona
co3gaHus cuHTe3abenbHbIX
HDL-onncaHum undpoBbIX
YCTPOWUCTB MO TEeXHUYECKOMY
3a4aHuto;

- paspabaTbiBaTb METOAUKY Te-
CTMpPOBaHMA M MPOBOAUTb
OYHKUMOHanNbHy0  Bepudmka-
umto HDL-onucanus;

- NPOBOAWTb KOHMrypmpoBa-
Hue MJINC u TecTMpoBaHue 3a-
KOHYEHHOro umcpoBoro
ycTpounctea Ha 6ase MJINC.

CdopmmpoBaHHoe
yMeHne

YcneulHoe, HO co-
aepxawee oT-
AernbHble npobenbl
yMeHve

YcnewHoe, HO He cu-
CTEMHOEe YyMeHue

dparmeHTapHble yme-
HWS UK OTCYTCTBUE
YMEHWN




