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AHHOTaUs

Huctunmuaa «UT-monyns "IIpoexktupoBanue Ha FPGA"» Bxomut B oOpa3oBaTeabHYIO
IpoTrpaMMy BBICHIETO 00pa3oBaHUs — MpOrpaMMy OakallaBpHara 10 HalpaBICHUIO MOArOTOBKH/
crenuaibHoctd 15.03.04 «ABTOMaTH3alUsl TEXHOJOTHYECKUX TMPOLECCOB M MPOU3BOJICTBY»
HaIPaBJIECHHOCTH «ABTOMATH3aLUS TEXHOJIOTMYECKUX MPOLIECCOB U MPOU3BOACTBY. JucuurmHa
peanmmu3yetcs kadenpoit «Ned 1.

JlucuuiuinHa HarmpaBieHa Ha yrryolieHHOe (hOopMHUpPOBAHUE CIEAYIONINX KOMIETEHITUH:

YK-6 «CnocobeH ynpaBiiThb CBOMM BpEMEHEM, BBICTpAaUBaTh U PEaAM30BHIBATH
TPACKTOPHUIO CAMOPA3BUTHSI HA OCHOBE IPUHIIMIIOB 00OpPa30BaHUsI B TEUCHHUE BCEH JKU3HU»

CopepxaHue OUCHMILUTUHBI OXBaThIBA€T KPYr BOINPOCOB, CBSI3aHHBIX CO Ccdepoi
MPOSKTUPOBAHUS YCTPOWCTB M CHCTEM Ha MPOrPaMMHUPYEMBIX JIOTUYECKUX HHTETPATbHBIX
cxemax (IIJIMC) apxurektypsl FPGA, ¢ ucnosip3oBaHueM BO3MOXXHOCTEH COBPEMEHHBIX CHCTEM
ABTOMATU3UPOBAHHOTO MPOCKTUPOBAHUS U TPUMEHEHUEM SI3bIKOB OIMCAHUS allapaTypshl.

[IpenogaBanue AMCUUIUIMHBI MpeAycMAaTpUBaET cienyromue (GopMbl OpraHU3aIUH
y4eOHOT0 MpoIiecca: JICKIHH, TPAKTHICCKUE 3aHITHS, CAMOCTOSTENIbHAS paboTa 00yJaroIerocs.

[IporpaMMo#l IUCHUIUIMHBI TPEIYyCMOTPEHBI CIEAYIOUINE BHIbI KOHTPOJS: TEKYIIUN
KOHTPOJIb YCIIEBAEMOCTH, IIPOMEKYTOUHASI aTTecTaus B (hopme audhepeHIINPOBAHHOTO 3a4ETa.

OO0miasi TpyAO0EMKOCTh OCBOEHHS JUCLUUIUIMHBI COCTaBJISET 7 3a4eTHBIX eIuHul, 252
yaca.

S3bIK 00yUYeHUs IO TUCIUILTUHE KPYCCKHM »



1. TlepedeHb IIAHUPYEMBIX PE3yJILTATOB O0YUYCHHS MO JUCIUTUINHE

1.1. Tlenu npenomaBaHus JUCITUTUTHHBI

Henbto mnpenopaBanus gucuumiiuHel «UT-moxyns "IIpoexktupoBanue Ha FPGA"»
ABIISIETCS IPUOOPETEHNU 00yJaroIMMUCS HeOOXOIMMBIX 3HAHUM, YMEHHI U HaBBIKOB B 00J1acTU
IPOCKTHUPOBAHUS YCTPOHUCTB M CHCTEM Ha COBPEMEHHOM 3JIEMEHTHON 0a3e — MporpaMMUpyeMbIX
gorudeckux wuHTerpanbHeix cxemax (ITIJIMC) apxutektypel FPGA, ¢ HCIONIB30BaHHEM
BO3MOYKHOCTEH COBPEMEHHBIX CHCTEM aBTOMATHU3WPOBAHHOIO MPOEKTUPOBAHHS M IPUMEHEHUEM
A3BIKOB OMUCAHMS ammapaTyphl, a TAaKKe MPeJOCTaBIeHNEe BO3MOKHOCTH 00YJarOIIUMCs Pa3BUTh
U TPOJEMOHCTPUPOBATh HABBIKM B 00JAacTH WH(OPMAIIMOHHBIX TEXHOJOTHH, IHU(PPOBOI
AJIEKTPOHUKU U CXEMOTEXHUKHU.

1.2. Jucumnnmna sBisercss (aKyIbTaTUBHOW JMCHUIUIMHOW TIO  HANpaBlICHHIO
00pasoBarenbHOI MTporpamMMsl Beiciiero oopasoanus (panee — OI1 BO).

1.3. TlepeueHb mIaHUPYEMBIX PE3yJIbTATOB O0yUEHHUS 110 AUCIUILINHE, COOTHECEHHBIX C
IUIaHupyeMbIMH pesynbratamu ocBoenust OI1 BO.

B pesynbrare M3y4eHUs AUCHUILTUHBI OO0YYAIOUIUICS JODKEH 00JIalaTh CIeIyIOIUMI
KOMIETSHIMSIMHU WM WX YacTaMu. KoMIeTeHIIMN U MHAWKATOPHI UX JIOCTHXKEHUS MPUBEICHBI B
tabnuue 1.

Tabmuna 1 — [lepeuens KOMIETeHIINN U UHAUKATOPOB UX JTOCTHXKEHUS

Kareropus Kon n
Kon 1 HanMeHOBaHME HHIUKATOPA JOCTHKCHHUS
(rpymma) HaMCHOBAaHHE
KOMIETEHIINH
KOMIICTCHITHH KOMIICTCHITHH

VYK-6.3.1 3HaTh OCHOBHBIE TPHEMBI 3()(HEKTUBHOTO
yIpaBiIeHUs] COOCTBEHHBIM BPEMEHEM; OCHOBHBIE
METOJIMKHU CAMOKOHTPOJIS, CAMOPA3BUTHUS U
camMo000pazoBaHus HA MPOTSHKEHUU BCE KU3HU
VK-6.3.2 3natb 0O6pa3zoBaTenbHble IHTEpHET-
peCYpChl, BO3MOKHOCTH U OTPaHUYEHUS
00pa30BaTeNbHOTO MpoIiecca MPH UCTIOIb30BAaHUU
U(POBBIX TEXHOJIOTUI

VK-6.Y.1 ymeTh ynpaBisiTb CBOUM BPEMEHEM;
CTaBUTb ceOe 00pazoBaTeIbHbIE LETH MO
BO3HUKAIOIINE KU3HEHHbIE 3a]]a4l

YK-6.Y.2 ymers HaX0AUTh HH(pOpMAIUIO U
MCII0JIb30BaTh IU(PPOBbIE UHCTPYMEHTHI B LENISIX
camoo0pazoBaHus

VK-6.B.1 B1anetrbs HaBbIKaMU ONpeIeTICHUs
MPUOPUTETOB JINYHOCTHOTO POCTA; METOIMKAMHU
CaMOpPa3BUTHUS U caMOOOpa30BaHUs B TEUCHHUE BCEil
KU3HU

VK-6.B.2 BnageTh HaBbIKaMU UCTIOIb30BAHUS

M (POBBIX UHCTPYMEHTOB ISl CAMOPA3BUTHS U
camMo00pazoBaHus

VYK-6 Criocoben
yIPaBISATh CBOUM
BpEMEHEM,
BBICTpauBaTh U
YHUuBepcallbHBIC | peaTM30BbIBATH
KOMIICTCHIINH TPAeKTOPHIO
CaMOpa3BUTUS Ha
OCHOBE MPUHIIUIIOB
oOpa3oBaHus B
TEUCHHE BCEH KU3HH

2. Mecro nuctuIuIMHEL B cTpykType OI1

JlucuumimHa MoKeT 0a3upoBaThCS HA 3HAHUSX, paHee MPUOOPETEHHBIX 00yUYaIONTUMUCS
MIPY U3YYECHUH CIEAYIONIUX AUCUUTUIAH:

— «Pu3mukKay,

— «HudopMaTrKa,

— «QJEKTPOHUKAY,

— «OQICKTPOTCXHHUKA,

— «lIpoMBIILICHHAS IEKTPOHUKA,

— «Teopus aBTOMaTHYECKOI'0 VIIPABICHUSI Y,




— «OCHOBBI IPOSKTHOM JICATCILHOCTH,

— «AIropuTMH3ALM U IPOrPaAMMHPOBAHUE.

3HaHI/I${, INOJIYYCHHBIC IIPpHU H3YUYCHHUH MaTcpurajia HaHHOﬁ JUCHUIIIIMHBI, HMCIOT KakK
CaMOCTOATCIIbHOC 3HAYCHUE, TAK U MOT'YT MCIIOJIb30BATHCA IMPU U3YUCHUHN APYTUX OUCHUIIINH

— «IIporpaMMupyeMbI€ JIOTHYCCKNE HHTETPAIbLHEIC CXCMBLI»,

— «lIporpaMMupoBaHE€ MHUKPOKOHTPOJJIEPOBY

3. O0BeM U TPYIOEMKOCTh AUCIUILIAHBI
Jlanaple 00 00meM oO0beMe TUCIUILUIMHBI, TPYJOEMKOCTH OTACIBHBIX BHJIOB yUeOHOMU
paboThI MO TUCHUIUIHHE (M pachpeieieHUue ITOM TPYI0EMKOCTH 110 CEMECTpaM) MPEICTABICHBI B

Tabmurie 2.

Tabnuna 2 — O0beM U TPYAOEMKOCTh AUCIHUITITUHBI

. TpynoeMKOCTb IO CEMECTPaAM
Bun yae6HO# paboThI Bcero Py N5 NoG P
1 2 3 4
Oowan mpyooemKocmup oucyunIuHbL, 7/ 252 3/ 108 4/ 144
3E/ (uac)
U3 nux yacoe npakmuyeckoii 0020MoeKu
AyoumopHhuie 3anamus, BCEro 4ac. 119 51 68
B TOM YHCIIE:
nexmu (JI), (gac) 34 17 17
npakTuueckue/ceMunapckue 3ausatus (113), 85 34 51
(dac)
naboparopusie pabotsl (JIP), (dac)
KypcoBoil npoekT (padota) (KII, KP), (gac)
HK3aMeH, (4Jac)
Camocmosmenvnas paboma, Bcero (dac) 133 57 76
Buo npomesicymounoit ammecmayuu:. 3a4er, | 3auer, Hudd. 3au.
mudd. 3auer, sx3amen (3auer, Hudd. 3auq, | Hudd. 3auer
DK3.%*%*) 3au.

EX3

[IpuMeuaHue: kaHAWAATCKHI SK3aMEH

4. ConepxaHue JUCITUTUTIHBI
4.1. PacnpeneneHue TPyJI0EMKOCTH JUCIHUILTHHBI IO pa3/esiaM U BUAAM 3aHITHIA.
Paznensl, TeMBI TUCIUTIIMHBI U MX TPYAOEMKOCTh TIPUBEICHBI B TAOIHIIE 3.

Tabnuna 3 — Pa3ensl, TeMbl AUCIUILTUHBL, UX TPYAOEMKOCTh

Pa3zxem>l, TEMBI JUCIUITINHBI

Jlekun
(gac)

3 (C3)| Jip
(gac) (uac)

KII CPC
(gac) (dac)

Cemectp 5.

OCHOBBI aBTOMAaTHU3WPOBAHHOTO IPOCKTUPOBAHHS IUPPOBBIX ycTpoiicTB Ha FPGA

Paznen 1. BBenenue B nporpaMMHpyEMbIE JIOTHYECKHE
MHTETPAIbHBIE CXEMBbI

Tewma 1.1. Cuctemsr-na-kpucrtamie u [IJIUC: ucropus
pasBUTHS

Tema 1.2. Ocobennoctu apxuTekTypsl FPGA.
Kondurypupyemsiii torrmueckuii 61mok. Look-up table
Tema 1.3. Ocobennoctu apxutekTypsl FPGA. bioku
BBOJ1a-BBIBOJIA, TPACCHPOBOUYHBIE PECYPCHI, OJIOKK
CHENUAIBHOTO Ha3HAYCHUS

Tema 1.4. O6nactu npumenenus FPGA u

15




HaIlpaBJICHUA Pa3BUTHUA

Pazmen 2. Drtambl mOpOEKTUPOBaHUS  HH(GPOBOro
yctpoiictBa Ha FPGA

Tema 2.1. YpoBHH MpPOEKTHPOBAaHUS LUPPOBBIX
YCTPOMCTB

Tema 2.2. DTambl OPOSKTUPOBAHUSA HUGPOBBIX
ycrpoiictB Ha FPGA. CriocoObl onucanus nU(ppOBBIX
cXeM

13

Paznen 3. Cpena ABTOMATHU3UPOBAHHOTO
nmpoekTupoBanus Quartus

Tewma 3.1. Hauano pa6ots! Hag npoexktoM B CAIIP
Quartus

Tema 3.2. YTUIUTHI 1151 OIMCAHUS IU(PPOBBIX
ycrpoiictB B CAIIP Quartus

Tewma 3.3. [IpoekTrpoBaHue IUPPOBOro YCTPOMCTBA C
OMOIIBI0 rpaduieckoro peaakTopa Quartus

20

14

Pasnen 4. BeeneHue B SA3bIKM ONHCAHUS alIapaTyphl
(HDL)

Tema 4.1. Ucropust Bo3rukHOBeHUs: HDL, ocHOBHEIG
MOHATHUS U 06a30BbIe KOHIENIMU. Vepapxus npoekTa Ha
HDL

Tema 4.2. SI3bik onucanus anmaparypsr Verilog HDL.

15

Uroro B cemecTpe:

17

34

57

Cemectp 6

[TpoexTupoBanue NUPPOBLIX ycTporcTB Ha FPGA ¢ nmprMeHeHreM S36IKOB OIIMCAHUSA alliapaTypbl

Pazgen 5. IlpoekTHpoBaHHME CIOXHBIX IH(POBBIX
yctpoiictB Ha FPGA ¢ npuMeHeHHeM SI3bIKOB OITUCAHUS]
anmaparypsl

Tema 5.1. [IpuHOMTIBI TPOEKTUPOBAHUS yCTPOWCTB HA
FPGA c npuMeHeHreM S3bIKOB OTMCAHMS alapaTypbl
Tewma 5.2. IIpoexTrpoBanue UPPOBHIX
(YHKUMOHAIBHBIX Y3JI0B KOMOMHATOPHOM JIOTUKU Ha
Verilog HDL.

Tema 5.3. TIpoextupoBanne nUPPOBBIX
(YHKIMOHAIBHBIX Y3JIOB IIOCIIEI0BATEIIEHOCTHOM
noruku Ha Verilog HDL.

Tewma 5.4. BubaroTek TOTOBBIX KOMIIOHEHTOB Ha
Verilog HDL.

Tema 5.5. @ynkuuu, 3agauu 1 cueHapuu. Mx
NpUMeHeHue B poekTupoBaHuu Ha FPGA

Tema 5.6. Iloakmouenue nepuepuitHbIX YCTPOUCTB K
FPGA.

10

36

38

Paznen 6. TectupoBanue W BepudHKanus IUPPOBBIX
CXEM Ha s13bIKe onurcanus anmnapatypsl Verilog HDL
Tema 6.1. OcHOBBI PyHKIIMOHATIBHOM BepuUKALIH
Tema 6.2. Testbench kak OCHOBHOIl HMHCTPYMEHT
TECTHPOBAHHS " BepupUKAIIH UPPOBOTO
ycrpoiictBa Ha FPGA.

15

38

Uroro B cemectpe:

17

o1

76

HUroro

34

85

133




[IpakTudeckass MOATOTOBKA 3aKIIOYaeTCs B  HEMOCPEICTBEHHOM  BBITIOJHEHUHU
oOydJalolmMMuUCs  OMNpeNeleHHbIX  TPYAOBBIX  (YHKIUH,  CBSI3aHHBIX ¢  Oya;yulei
npodeCCHOHATIBHOMN 1S TETbHOCTBIO.

4.2. CopnepskaHue pa3/ieioB U TeM JICKIIMOHHBIX 3aHITHH.
Copepxanne pa3esioB U TeM JICKIIMOHHBIX 3aHITHI MIPUBEICHO B Ta0HIIC 4.

Tabmuua 4 — CopeprkaHue pa3esioB U TEM JICKIIMOHHOTO IHUKJIA

Howmep paznena HaszBanue u conep:xkanue pas3iesioB U TEM JICKLIMOHHBIX 3aHATHI
1 Paznen 1. BBenenue B nporpaMMupyeMbl€ JOTHUECKUE UHTETPAIbHbBIE
CXEMBI

Cuctemsbi-Ha-kpuctamie u [IJIMC: uctopus pa3BuTHSI. APXUTEKTYpHI
PLA, PAL, GAL, SPLD, CPLD. Oco6ennoctu apxutektypbl FPGA.
Kongurypupyemsiii nornueckuii 6iok. Look-up table. brioku BBOnA-
BBIBO/Ia, TPACCHPOBOYHBIEC PECYPCHI, OJIOKH CIIEIMATBHOTO HA3HAUCHHSI.
O6nactn npumenenns FPGA u HampaBlieHUS pa3BUTHS.

2 Paznen 2. Dramer mpoektupoBanus nudposoro ycrpoicta Ha FPGA
YpoBHU TPOEKTHPOBaHHUA HHUQPOBBIX YCTPOHUCTB. JKU3HEHHBIN LUK
uudpoBoii cuctembl. [loBeaeHueckas Monaeiab. DOyHKIMOHATIbHAS
Mozenb. Jloruueckass Monenb. DNEKTpUUYecKass Moaelnb. Duznueckas
MOJICIIb. Bbazuc MIPOCKTUPOBAHUS. RTL-monens. Orarnbl
MPOEKTUPOBaHUs ITUPPOBBIX ycTpoicTB Ha FPGA. CriocoObl onucanus
U POBBIX CXEM

3 Paznen 3. Cpena aBTOMaTH3UPOBAHHOTO MPOEKTUPOBaHUs Quartus
Hauano pabGotsl Hag npoekroM B CAIIP Quartus. Co3mgaHue mepBoro
NpoeKTa. YTHWJMTHI Ui omucaHus UUPpoBbIX ycTpoiictB B CAIIP
Quartus. State Machine viewer. RTL- viewer. Pin Planner. Modelsim,
[IpoextpoBanue MUGPOBOTO YCTPOWCTBA C IOMOIIBIO TPadHUECKOro
penakropa Quartus.

4 Pasnien 4. Benenue B si3bIku onucanus anmaparypbi (HDL)

Uctopus Bo3rmkHOBeHHMss HDL, ocHOBHbIE TOHATHA W 0a30BbBIS
xonuenimu. AHDL, VHDL, Verilog HDL. System Verilog. Uepapxwusi
npoekta Ha HDL. Cunresupyemsie monaynu. Cpema TeCTHMpPOBAaHHUA.
KitoueBble OCOOCHHOCTH CHHTAaKCHCa S3bIKa OIMCAHWS Aallaparyphbl
Verilog HDL.

5 Paznen 5. [IpoexktupoBanune cnoxHbIX MU(PPOBEIX ycTpoiicTB Ha FPGA ¢
MPUMEHEHUEM SI3BIKOB OTMCAHMUS alapaTypbl

[Tpuanumer poekTupoBaHust ycrpoictB Ha FPGA ¢ mpumeneHuem
S3BIKOB  OMHMcaHus  ammapaTypbl. [IpoekTtupoBaHue  HGPOBBIX
(YHKIIMOHAIBHBIX Y3JI0B KOMOMHATOpHO#M sormku Ha Verilog HDL,
IIpoexTrpoBaHue IUQPOBBIX (YHKIMOHAIBHBIX Y3JI0B
nocienoBaTensHOCTHOM Joruku Ha Verilog HDL. bubnuotexu roToBbIx
komrioHeHToB Ha Verilog HDL: ot ma6inonoB u Merapynkuuit g0 1P
aapa. @OyHkumu, 3agadum W cueHapud. X npuMmMeHeHue B
npoekTupoBaHuu Ha FPGA.

[Nonkmouenue nepudepuitHpIX yCTpOKCTB U 311eMeHToB K FPGA Ha
npuMepe oTiIaio4uHo matel Terasic DE2-115 Ha 6aze FPGA
cemeiictea Cyclone IV.

6 Paznen 6. Metons! dhyHKIIMOHANBHON Bepudukanuu. [loBenenueckoe n
CTPYKTYPHOE MOJICITUPOBAHNE

TectupoBanue U BepuUpUKaIMs MUGPOBBIX CXEM Ha SA3BIKE OMUCAHHUS
anmapatypsl Verilog HDL. OcHOBBI (yHKIMOHANBHOW BepU(UKALIH.
Testbench kak OCHOBHOW MHCTPYMEHT TECTUPOBAHUS U BepUPHUKAIIHH
uugpoBoro ycrpoiicrea Ha FPGA. Omucanue IUPPOBBIX CHUTHAJIOB.
Onucanne TecTa W paboTa ¢ CUMYISTOPOM. AHAIU3 TOJYYCHHBIX
pE3yIBTaTOB.




4.3. TlpakTtuueckue (CEMHUHAPCKHUE) 3aHATUS
Tembl IpakTHUECKUX 3aHATHH U UX TPYJOEMKOCTh IPUBEICHBI B TAOJIHIIC 5.

Ta6ymma 5 — [IpakTudeckue 3aHsITHSI U UX TPYJ0EMKOCTh

N3 aux Ne
Ne TeMbl TpakKTUYECKHUX Popmbr TpynoeMKOCTb, |ITPAaKTUUYECKOM | pa3jeiia
/1 3aHSTUN TPAaKTHICCKIX (uac) MMOATOTOBKH, | THUCITHIT
SaATHH (dac) JIUHBI
Cemectp 5
1 | Beenenue B | Om1aliH-BhIIIOJIHEHUE 4 1
IPOrpaMMHUPyEMBbIE MIPAKTUIECKHIX
JIOTUYECKUE 3aaHui
WHTETPAIBHBIE CXEMBI.
OcoGenHoctu
Pa3IUYHBIX APXHUTEKTYP
TJIMC
2 | OcHOBBI OnnaiiH-BBITIOJIHEHHE 2 2
aBTOMATHU3HPOBAHHOTO MPAKTUYECKHUX
MPOEKTUPOBAHUS 3aaHui
HU(POBBIX  YCTPOUCTB
Ha FPGA
3 | Pa3pabotka pelieHue 8 3
KOMOMHAIIMOHHBIX CUTYaIlMOHHBIX
YCTPOHCTB B | 3aday, MacTep-Kiacc
rpaduyeckom
penaxkrope CAIIP
Quartus
4 | Pa3zpabotka peleHue 8 3
MOCIIeIOBATEIBHOCTHBIX CUTYaIlMOHHBIX
YCTPOHCTB B | 3amay, MacTep-Kiacc
rpaduyeckom
penaxkrope CAIIP
Quartus
5 | Pa3pabotka MOZYJIA pelieHue 4 3
CUYETHOTO YCTPOMCTBA C CUTYallMOHHBIX
3aIaHHBIM QJITOPUTMOM | 331a4, MacTep-KIacc
paboThl B TpaduueckoM
penaxkrope CAIIP
Quartus
6 | Pemenue 3amau OHnaliH-BbINIOJIHEHNE 8 4
MIPOrpaMMHUPOBAHHMSI HA MTPAKTUICCKUX
SI3BIKE OMUCAHUS 3aJlaHu#, MacTep-
ammapaTtypsl Verilog KJ1acc
HDL
Cemectp 6
7 | Pa3pabotka pelieHne 12 5
KOMOMHAIIMOHHBIX CUTYaI[MOHHBIX

3aJ1a4, MacTep-KJIacc




yctpoiicte Ha Verilog
HDL B CAIIP Quartus
8 | Pa3zpabotka perieHue 12 5
MOCIIE0BATETHHOCTHBIX CUTYaIlMOHHBIX
ycrporicTB Ha Verilog | 3amau, Mmactep-Kiacc
HDL B CAIIP Quartus
9 | Pa3pabotka MOIYJIS perieHue 12 5
CYETHOTO YCTPOWCTBA C | CUTYallMOHHBIX 3a/1a4
3aJJaHHBIM aJITOPUTMOM
paborer  Ha  Verilog
HDL B CAIIP Quartus
10 | TectupoBanue MomyJIs perieHue 15 6
CUETHOTO YCTpPOMCTBA C CUTYaIIHOHHBIX
3aJlaHHBIM AJITOPUTMOM | 3aJ/1a4, MacTep-Kiacc
paboThI B CAIIP
Quartus
Bcero 85
4.4. JlabopaTopHbIEC 3aHATHS
Tembl 1a00paTOPHBIX 3aHATHI U UX TPYJOEMKOCTb IPUBECHBI B TaOIUIIE 6.
Tabmuna 6 — JIabopaTopHbIe 3aHATHS U UX TPYJOEMKOCTb
N3 Hux Ne
Ne HanmenoBanue 1abopaTopHBIX padboT TpynoemKocts, | MPakTHHECKOH | pasnena
/o (dac) MOJATOTOBKH, | JUCITHII
(gac) JIMHBI

Y4eOHbIM MJIaHOM HE MPEAyCMOTPEHO

Bcero

4.5. KypcoBoe npoeKTUpoBaHKE/ BHIIOTHEHUE KYPCOBON PabOThI
Y4eOHBIM MIaHOM HE TPETyCMOTPEHO

4.6. CamocrosTenbHas padoTa 00yJIarONIIXCs
Bunsl camocTosTensHON paboOThI M €€ TPYI0EMKOCTh NPUBEIEHBI B Ta0IuLE 7.

Tabmuna 7 — Bunbel camocTosTenbHON pabOThI M €€ TPYA0EMKOCTh

Bun camocrostensHO# paboTh BEZZO’ Cewmectp 5, uac Cemectp 6, yac

1 2 3 4

M3y4eHne TeopeTHIecKOoro MaTepraia 60 30 30

qucuuriaHbl (TO)

KypcoBoe npoextuposanue (KI1, KP)

PacuerHo-Tpaduueckue 3ananus (PI'3)

Brimonnenue pedepata (P)

IToaroToBka K TeKymeMy KOHTPOJIIO 30 15 15




ycneBaemoctu (TKY)

Jomamnee 3aganue (/13)

Kontposbabie paboTsl 3a0unnkoB (KP3)

IToaroroBka K MpoMeXyTOYHOU

arrectaruu (I1A)

43 20

23

Bcero: 133 57

76

5. IlepedyeHnb yueOHO-METOIUYECKOTO 00ECTICUCHUS

JUISL CAMOCTOSITENIHON PabOThl 00y4aroIUXCs MO JUCUUTUIMHE (MOJTYJIIO)
Y4eOHO-MeTOoIMYeCKUue MaTepuasbl JUIsl CaMOCTOSTENIbHOM padoThl 00YyYaroIIMUXCsl yKa3aHbl B

n.a. /-11.

6. IlepeueHb MEYaTHBIX U ANEKTPOHHBIX YUCOHBIX U3TaHUN

[lepeueHpb neyaTHBIX U 3JIEKTPOHHBIX Y4eOHBIX M3/IaHUM MpHUBeieH B Tabaule 8.
Tabmuna 8— [lepeyeHp me4aTHBIX U AJIEKTPOHHBIX YUEOHBIX U3TaHUI

Hludp/
URL aapec

bubnuorpadudeckas ccpuika

Komaectso
IK3EMITISIPOB B
OndIMoTeKe
(KpoMe AIIEKTPOHHBIX
IK3EMILISPOB)

https://e.lanbook.c
om/book/322511

VYmenuna, 1. B. [IpoexktupoBanue nudpoBsix
ycrpotict Ha [IJIMC: yueb. mocobue / U. B.
VYmennna. — Caunkr-IlerepOypr: Jlans, 2022. —
408 c.

https://e.lanbook.c
om/book/171183

borarukos, E.B. f3bik Verilog u
IIPOEKTHUPOBaHKE IIU(PPOBHIX YCTPOICTB Ha
[IJINC: yueb.-meton. mocodue/ E.B. boratukos,
A H. lIlebanos. - Boponex : BI'Y, 2018. — 61 c.

https://e.lanbook.c
om/book/398114

JIrotos, A.T'. S3bik Verilog nns
nporpamMmuposanus [IJIMC : yuebnoe nocobue /
A.T. JIroros, B. H. Apoy3oB, M. b. HoBoxxenuH.
— Mocksa : PTY MUPDA, 2023. — 101 c.

MS80

[TpoekTrpoBanue MU(PPOBHIX YCTPOICTB Ha Oaze
MHUKPOCXEM MPOTrpaMMHUPYEMO¥ JIOTUKH: y4eO.
nocobue / A. B. Mopo3sos, B. A. Henaies. -
CIlo.: T'YAII, 2021. - 78 c.

C89

Pa3paboTka ntuHaMU4ecKu peKOHPUTYPUPYEMBIX
CHCTEM U CEeTeH Ha KpucTayuie: yued. mocodue /
E. A. CyBopoga, H. A. Marseesa, IO. E.
Ieiaun. — CII6.: T'YAII 2016 — 75 c.

M33

IIpoexktupoBanne CbUC n Cucrem-Ha-
Kpuctaie: yue6.-metos. mocodbue / H. A.
Martseesa, E. A. CyBoposa, O. E. IlleitnuH. -
CII6.: U3n-Bo I'VAIL 2016. - 51 c.

https://e.lanbook.c
om/book/73058

Hagabwu, 3. IIpoexktrpoBanne BCTpanBacMbIX
cuctem Ha [TJIMC / 3. HaBabu; nepeBon ¢
anrmiickoro B. B. ConoBbeeBa. — MockBa:




| IMK Tpecc, 2016. — 464 c. |

7. IlepeueHb 31EKTPOHHBIX 00Pa30BaTEIbHBIX PECYPCOB
UH(POPMALIMOHHO-TEIEKOMMYHHUKAIIMOHHOHU ceTn « HTepHeT»
Ilepeuens DIIEKTPOHHBIX 00pa3oBaTeIbHbIX pecypcoB UH(pOPMaLMOHHO-
TEJIEKOMMYHUKAaMOHHON ceTtu «/HTepHeT», HEOOXOAUMBIX JJIi OCBOCHHUS JUCLUILIMHBI
npuBe/ieH B Tabsmie 9.

Tabmuma 9 — IlepedeHb DICKTPOHHBIX 00pPA30BATEIBHBIX PECYpCOB HH(OPMALMOHHO-
TCHCKOMMYHHKaHHOHHOﬁ CETUu ((I/IHTepHeT»
URL aapec HaumenoBanue
http://altera.ru Altera TJTUC - MUKPOCXEMBI IPOrPaMMHPYEMOH JIOTHKH
https://marsohod.org FPGA 6utor: ombIT, OTJIa/IKa, IPOrPaMMUPOBAHKE
https://Ims.guap.ru/ Cuctema auctaHioHHoro ooyuenus ['Y AIT

8. Ilepeuenpr nH(HOPMALMOHHBIX TEXHOJIOTHIA
8.1. [lepeyenp mporpaMMHOTO OOECHEUeHUs, HCIOJIB3YEeMOT0 TMpPH OCYIIECTBICHUU
00pa3oBaTENLHOTO MpoIecca M0 JUCIUILIIHHE.
[lepedeHp UCTIONB3yEeMOT0 IPOTPaAaMMHOTO obecniedeHus npejacrasieH B Tadumie 10.

Ta6ymmma 10— [Tepeyers mporpaMmMHOTo o0ecrieueHus

Ne i/ Haumenosanue
1. Quartus Prime Web Edition 13.0 u Beimie
2. Ornanounas mara Altera Terasic DE2-115
8.2. Ilepeuenn MH(}OPMALIMOHHO-CITPABOYHBIX CHCTEM,UCIIOIb3yEMBIX npu

OCYIIECTBIICHUU 00pa30BaTEIHLHOTO MPOoIlecca Mo UCIUILINHE
[lepeuenr uCHONMB3yeMBIX HHPOPMAIIMOHHO-CIIPABOYHBIX CHCTEM TMPEJICTaBICH B
Tabmure 11.

Tabnuua 11— IlepeyeHb HHPOPMALIMOHHO-CIIPABOYHBIX CUCTEM

Ne m/m HanmenoBanue

He npenycmorpeno

9. MarepuanpHO-TeXHHYECKast 6a3a
CoctaB MaTepHambHO-TEXHHUECKON 0a3bl, HEOOXOAMMOW JJs  OCYIIECTBIICHUS
00pa30BaTEILHOTO MpoIiecca MO TUCIUTUIHHE, TIPECTaBIeH B Tabmuiel 2.

Tabnuna 12 — CoctaB MaTeprallbHO-TEXHIUYECKON 0a3bl

Ne HaumeHnoBaHMe coCTaBHON 4acTu Howmep aynutopun
n/m MaTepUaIbHO-TEXHUUECKOH 0a3bl (pu HEOOXOMMOCTH)

1 | Cucrema aucranumonsHoro oOyuenus ['YAIT (CO I'VAII) -
Ims.guap.ru

10. Onenounble cpeacTBa AJIs MPOBEIEHHS IPOMEXYTOUHOM aTTeCcTallu
10.1. CocTaB OIICHOYHBIX CPEICTBAJS TPOBEACHUS TPOMEKYTOYHOH aTTeCTaI[HH
o0yyaromuxcst o JUCUUIUIMHE puBeAeH B Tabnuue 13.
Tabmuma 13 — CocTaB OIEHOYHBIX CPEJCTB JIJISl IPOBEACHUS MPOMEKYTOYHON aTTeCTAIluU

Bug npoMexxyTouHOM aTTecTaiuu ITepedeHb OIIEHOYHBIX CPEJICTB

JuddepeHnpoBanHbIi 3a4ET TecTsl

3aueTr TecThl.




10.2. B kauecTBe KpUTEpPHUEB OICHKH YPOBHSI C(HOPMHPOBAHHOCTH (OCBOCHHS)
KOMIIETCHIIM O0Yy4YaIoNIMMUCS TMPUMEHSETCS S5-0aThbHas MIKaia OIEHKA cPOpMHUPOBAHHOCTU
KOMIIETEHIINM, KOTopas mpuBeaeHa B Tabnuie 14. B Teyenune cemectpa MOXKET UCIOIB30BATHCS
100-0annpHast ~ mKama ~ MOXYJBHO-PEUTHHTOBOM  CHCTEMbl ~ YHHUBEPCUTETa,  IpaBHUIa
UCIIOJIb30BaHUsI KOTOPOW, YCTAHOBJIEHBI COOTBETCTBYIOIIMM JIOKAJIbHBIM HOPMATUBHBIM aKTOM
['YAIL
Ta6mmma 14 —Kpurepuu orieHKH ypoBHS CPOPMUPOBAHHOCTH KOMIIETEHITUN

Or1eHKa KOMITETEHITUH

Xa AKTCPHUCTHUKA CDOPMUPOBAHHBIX KOMHGTCHIIPIIZ
5-0ayuipHad IIKaia PaKTep (bopvmp

— oOyuvaromuiics TJIyOOKO ¥ BCECTOPOHHE YCBOMJ IPOTPaMMHBIN
MaTepua;

— YBEpEHHO, JIOTUYHO, TTOCIIEIOBATEILHO M TPAMOTHO €T0 HU3JIaraeT;

— ONMpascCh HA 3HAHUS OCHOBHOW W JIOTOJIHUTEIBHOW JIMTEPATYpHI,
TECHO TPUBS3BIBACT YCBOCHHBIC HAYYHBIC IMOJIOKCHHUS C MIPAKTUUCCKON
JeATEIbHOCTBIO HAIIPaBIICHNUS;

— YyMeJI0 00OOCHOBBIBACT U APTyMEHTUPYET BBIABUTAaEMbIC UM HJICH;

— JIeJIaeT BBIBOJIBI U 0000IIEHMS;

— cBOOOJTHO BJIAJICET CHCTEMOH CHCIMAIN3UPOBAHHBIX IOHSITHH.

«OTIIMYHO»
<(Ga4YTCHO»

— o0yyJarouiicss TBEpI0 YCBOMIJI MPOTPaMMHBIN MaTepuai, rpaMOTHO U
[0 CYIIECTBY H3JIaraeT ero, Onupasch Ha 3HAHUS OCHOBHOM
JTUTEPaTypHI,

— HE JIOMYCKAET CYIIECTBEHHBIX HETOYHOCTEH;

— YBSI3BIBA€T YCBOCHHBIE 3HAaHUS C MPAKTHUYECKON JAeSITeIbHOCTHIO
HaIlpaBJICHUS,

— apryMEHTUPYET Hay4YHbIC MTOJI0KEHNUS,

— JIeJIaeT BBIBOABLI B 00OOIICHHS;

— BJIAJICET CUCTEMOM CIIeIMAIM3UPOBAHHBIX OHITHH.

«XOPOIIIO»
«3aYTCHO»

— o0yyaronuiicss ycBOMJI TOJIBKO OCHOBHOM NpPOrpaMMHBIN MaTepual,
[0 CYHIECTBY M3JIaraeT €ro, ONMpasch Ha 3HAHUS TOJIBKO OCHOBHOM
JUTEPaTypPhl;

— JIONyCKaeT HeCYIIECTBEHHbIE OIIMOKU U HETOYHOCTH;

— HCTIBITBIBACT 3aTPyJHEHHMsS B TNPAKTHUECKOM NPUMEHEHUH 3HAHUH
HaIpaBJICHUS;

— cJ1a00 apryMeHTHPYET Hay4YHbIE MTOJIOKEHHUS;

— 3aTpyaHsieTcs B GOpMYIMPOBAHUN BBIBOAOB M 0000IICHUI;

— YaCTUYHO BJIAJIeE€T CUCTEMOH CIIELIMAIN3UPOBAHHBIX TOHITHH.

«YAOBJICTBOPUTCIIEHO»
GaduTCHO»

— O0ydJaromuiicss He YCBOWJI 3HAYUTENHHOW 4YacTH MPOTPaMMHOTO
MaTepuaa;

— JIOIYCKaeT  CYIIECTBEHHblE  OWIMOKM W  HETOYHOCTH  INpHU
paccMOTpeHHH po0JIeM B KOHKPETHOM HarpaBlIeHUH;

— WCTIBITBIBAET TPYTHOCTH B MMPAKTHYECKOM PUMEHEHNN 3HAHUI;

— HE MOXET apryMEHTHPOBATh HAYYHBIC TTOJIOKCHHS,;

— He (JOpMYIHPYET BBIBOJAOB U 0000IICHHH.

HCYIOBJICTBOPUTCIILHO»
<«HC 3a4YTCHO»

10.3. TumnoBbie KOHTPOJIbHBIC 33aHUS WIIK MHBIE MaTePUAIIBI.
Bormpocs! (3agaun) nis sKk3amMeHa mpeIcTaBlieHbl B Taommie 15.

Tabmuia 15 — Borpocs! (3amaun) 115 9K3aMeHa

Kon

Ne /m [Tepeuens BompocoB (3a1a4) AJsl IK3aMeHa
WHANKATOpa

Y4eOHbIM MJIaHOM HE PEYCMOTPEHO

Bompocsr (3amaun) nis 3avera / qud . 3auera npeacTaBieHsl B Tadauie 16.
Tabmuna 16 — Bonpocs! (3agaun) nmns 3adera / audd. 3adera




Ne /1

Kon

[epeuens BompocoB (3agay) it 3auera / audd. 3agera
p P (3anass) 1 upd MHJUKATOpa

VY4eOHBIM MIAHOM HE MPEAYCMOTPEHO VK-6.3.1

YK-6.3.2

YK-6.Y.1

YK-6.Y.2

YK-6.B.1

YK-6.B.2

[lepeuenp TeM s KypCOBOTO MPOEKTUPOBAHUSA/BBIIIOIHEHUSI KYpCOBOM pabOThI
Mpe/ICTaByICHbI B Tabuie 17.

Taomuua 17

— Ilepeyenn TeM Juist KypCcOBOTO MPOEKTUPOBAHMUSI/BBIIIOJIHEHUS KYPCOBOIl pabOTHI

Ne i/t

[TpuMepHBIii IepeYeHb TeM Il KYpPCOBOTO MPOEKTUPOBAHUS/BBITTOIHEHHS
KypCOBOH paboThI

Y4eOHBIM IIIaHOM HE MPEAYCMOTPEHO

Bompocer s mpoBeneHUs TPOMEXKYTOYHOW aTTECTAllMM B BHJE TECTUPOBAHHUS
MpeCTaBICHBI B Ta0nwmie 18.

Tabnuua 18

— IlpumMepHbIl IEpeyeHb BOMPOCOB JJIs TECTOB

No
/a

Kon

IIpuMepHBIii IIepeYeHb BOIIPOCOB ISl TECTOB
MHIMKATOpa

1. | IlpounraiiTe TEKCT U BHIOEPUTE OAMH MTPABUIIbHBIN OTBET. VK-6.3.1

Onpenenure, kakoit 6sox IIJIMC apxurextypst FPGA ocHoBaH Ha
HpUMEHEHHH CTPYKTYpbI nanHbix Look-Up Table.

1) Koudurypupyemsiii joruueckuii 070K
2) brok uudpoBoii 00pabOTKH CUTHATIOB
3) TpaccupoBOYHBIE PeCypChl

4) KoH¢wurypairoHHas 1aMsTh

2. | IIpounTaiiTe TeKCT U BEIOEPUTE OAMH NMPABUIIBHBIM OTBET. VK-6.3.2

Bri6epute u3 nepeunicneHHbx HHCTpyMeHTOB CAIIP Quartus Tor,
KOTOPBII MO3BOJISIET OCYIIICCTBUTH TPACCHPOBKY OOBSIBIICHHBIX B
KOJIe OPTOB Ha BBIBOABI I1aThl FPGA.

1) Pin Planner

2) RTL Viewer

3) State Machine Viewer
4) Modelsim-Altera

3. | IlpounTaiiTe TeKCT M BHIOEPHUTE OJMH MTPABUIBHBIN OTBET. YK-6.3.2

Bri6epute npaBuibHYIO MOCIIEN0BATEIBHOCTD JEHCTBHM, KOTOPYIO
HYKHO ITPOHM3BECTH UIs TpoBepku myT kK Modelsim-Altera,
omnoKa B KOTOPOM MOXKET IPUBECTU K HEBO3ZMOXKHOCTH
IpoIeTypbl KOMITBIOTEPHOT'O TECTUPOBAHUS Pa3pabOTaHHOTO
1M(ppoBOTO YCTPOICTRA.

1) Tools -> Options -> EDA Tool Options->Modelsim-Altera

2) Tools -> Options -> Libraries->Modelsim-Altera

3) Assigments -> Options -> Processing->Modelsim-Altera

4) Assigments -> Options -> EDA Tool Options->Modelsim-
Altera

4. | TlpounTaiiTe TEKCT ¥ BEIOEPUTE OJMH NMPABUIbHBIN OTBET. YK-6.3.1




Onpenenure, Kakas MaTeMaTUYECKasl ONEPAIIUs JICKUT B OCHOBE
6s10k0B G poBoi 00padoTku curHanos [IJIMC apxuTekTypsl
FPGA.

1) CroxeHue ¢ HAaKOIJICHUEM

2) Bo3sBeneHue B CTENCHb

3) YMHOXEHHUE ¢ HAKOIICHUEM

4) Jlenenue

[IpounTaiiTe TEKCT U BHIOEPUTE OJIUH IPABUIBHBIA OTBET.

Haiiaure cpenu npeaioxkeHHbIX TEPMUHOB 0a30BYIO0 €IUHUILY
OTHCAHUS B MMPOCKTE Ha SA3bIKE OMHCAaHUs anmnaparypsl Verilog.
1) ®aiin BepxHEro ypOBHS
2) Monynb
3) Ilopr
4) Jlorndyeckuii BEHTHIIb

VK-6.3.1

[TpounTaiiTe TEKCT U BHIOEPUTE OJJUH MPABUIBHBIA OTBET.

BriOepute BepHOE yTBEpKIEHUE, Kacatoleecs IPaBUil
MMEHOBAHWMSI B SI3bIKE OMMCAHUS ammapaTypsl Verilog.

1) B umeHax MojyJieii, TOPTOB U MepeMeHHBIX Ha Verilog
HDL nHenb3st ucnoyib30BaTh KIFOUEBHIE CIIOBA, OHU MOTYT
OBbITh TOJILKO COCTaBHOM 4acThIO UMEHH.

2) HWmena monyieii, mopToB U nepeMeHHbix Ha Verilog HDL
MOTYT COCTOSITh TOJIBKO U3 JIJATUHCKUX OyKB M LU(D.

3) Nwmena momyeit, noptoB u nepeMeHHbIx Ha Verilog HDL
MOTYT COCTOSITh M3 OYKB JIATUHMLIBI U KUPUJUTUIIBI, @ TAKKE
ubp.

4) [udps! u 3HaK $ MOTYT OBITH IEPBBIMU B UMEHH MOJTYJIS,
nopra win nepeMenHoit Ha Verilog HDL.

VK-6.3.2

HpO‘IHT&ﬁTG TCKCT, BBI6CpI/ITe ITPAaBUJIBHBIC BApUAHTBHI OTBETA U
3aMMMIIUTE apryMCHTEI, 060CHOBI>IBaIOHII/I€ BBI60p OTBCTOB

Ornpenenure, Kakue U3 MEPEYUCICHHBIX CBOMCTB U OTPaHUYCHUI
OTHOCATCS K (DYHKIIMH Ha sI3bIKe OmKcaHus anmapatypst Verilog.
1) JlomkHa BBITIONHATHCS 32 HYJIEBOW MPOMEKYTOK
MOJIEJIBHOI'O BPEMEHH.
2) He MokeT cojiepxaTh OMEpaTOPOB 3aAEPKKH HUITH
KOHTPOJISI COOBITHUH.
3) MoxeTr U3MEHSTh COCTOSIHUE NIEPEMEHHBIX.
4) Bcerna Bo3BpalaeT B KA4eCTBE PE3yJIbTaTa TOJIBKO OJTHO
3HA4YCHHE.
5) Cnucok (popMaibHBIX MAPaMETPOB MOKET COJEPIKATh
apryMeHThl THIa output WK inout.

VK-6.3.1

HpO‘-IHT&fITG TCKCT, BBI6CpI/ITC IpaBHUJILHBIC BApUAHTHI OTBETA U
3alMMIINTE apryMCHTHI, 06OCHOBBIBaIOHH/Ie BBI60p OTBCTOB

BriGepute U3 mepeuncieHHbIX TexHoMorHi pa3Butus FPGA e,
KOTOpBIE OTHOCUTCS K COBEPIIEHCTBOBAHUSAM TEXHOJIOTHI
IPOM3BOJICTBA.

1) Texuonorus SSI (Stacked Silicon Interconnect)

2) Tlpumenenue DSP Builder 8 Matlab

VK-6.3.2




3) PacnpocrtpaHeHne MPOrpaMMHUPYEMbIX CHCTEM Ha
KpHUCTaie

4) Paszpaborka 3D-FPGA

5) TloBblieHHE YPOBHS aOCTPAKIIMK ONMUCAHHS ITUPPOBOTO
yCTpOICTBa

[TpounTaiiTe TEKCT, BBIOEPUTE IPABUIIbHBIE BADUAHTHI OTBETA U
3alUIINTE apTyMEHThl, 000CHOBBIBAIOIIINE BBIOOP OTBETOB

Onpez[eJmTe, KaKne€ 13 ICPCUYNCICHHBIC KOHCTp}IKI_II/Iﬁ SA3bIKA
ornucanus anmnaparypsl Verilog sBisitoTcsi HECHHTE3UPYEMBIMH
1) Initial
2) Input
3) Wire
4) Repeat
5) $display

VK-6.3.1

10.

[TpounTaiite TEKCT, BBIOEpUTE IPABUIIbHBIE BAPUAHTHI OTBETA U
3aIUIINTE apTyMEHThI, 000CHOBBIBAIOIINE BBIOOP OTBETOB

Onpenenure, Kakue U3 MEPEUNCICHHBIX CBONCTB U OrPaHUYECHUN
OTHOCATCS K 3a1aue (task) Ha si3pIke ONMUCaHUsI anmnaparypbl
Verilog.
1) JloymKHa BBIMOIHATHCS 32 HYJIEBOW MPOMEKYTOK
MOJIEIBHOTO BPEMEHH.
2) MoxeT U3MEHSTh COCTOSHUE MTEPEMEHHBIX.
3) Bcerna Bo3Bpamaer B Ka4eCTBE pe3yJbTaTa TOJIBKO OHO
3HAYCHHUE.
4) Cnucok HopMabHBIX MapaMEeTPOB MOKET COJCPIKATh
apryMeHTHI THIIa output Win inout.
5) Bcerna Bo3BpamiaeT B KauecTBe pe3yabTaTa TOJIBKO OJHO
3HAYCHHUE.

VK-6.3.2

11.

[TpounTaiite TEKCT, BBIOEpUTE IPABUIbHBIE BAPHAHTHI OTBETA U
3alUIINTE APTYMEHThI, 000CHOBBIBAIOIINE BBIOOP OTBETOB

OHpe,I[eJ'II/IT €, KaKHUC 13 IICPCUNCIICHHBIC KOHCprKI_II/Iﬁ A3bIKa
onucaHus annaparypsl Verilog SBISIOTCS CHHTE3UPYEMbBIMHU:
1) Input

2) $fopen

3) Reg

4) Repeat

5) Wire

VK-6.3.1

12.

[TpounTaiite TEKCT, BBIOEpUTE IPABUIbHBIE BAPHAHTHI OTBETA U
3aMUIIATE APTYMEHTHI, 000CHOBBIBAIOIINE BBIOOP OTBETOB

Bribepure 3Tanbl NpoeKTHPOBaHUS LIU(PPOBOTrO YCTPOIcTBa Ha
FPGA, BbimonHsieMble B paMKaX JJOTUYECKOTO U (PU3HUECKOTO
CUHTE3a.

1) Pacnpenenenne

2) I'enepupoBanue (aiina KoHPUTypanuu
3) Peanuzanus

4) TpaccupoBka

5) Bepudukarnus

VK-6.3.1




13.| [Ipounraiite TekcT W ycTtaHoBuTe cooTBeTcTBHE. K Kaxmoit | YK-6.VY.1
MO3HIINY, JaHHOW B JIEBOM  CTOJOIIE, nondepure
COOTBETCTBYIOILLYIO TO3UIMI0 B TMPaBOM CTOJOIE. 3amuiluTe
BBIOpaHHBIE IIUQPHI 10T COOTBETCTBYIOINIMMHU OYKBaMHU.
CooTtHecuTe THII TOPTA MOJYJISL C COOTBETCTBYIOIIUM EMY TUIIOM
JIAHHBIX CHTHAJIA Ha sI3bIKE OMMcaHus anmnapaTypsl Verilog.
Kareropus nopra momyns Tun nanueIx (curHan)
1 Bxonnoit nopr A | BHyTpH MOy - TOJIBKO
(input) wire, a BHE MOJYJIS - KaKk
wire, TaK U reg.
2 BrixogHo# nopt b Buytpu monyns - kak
(output) wire, Tak u reg, a BHE
MOJIYJIsl — TOJIBKO Wire
3 JBynanpasnennelii | B BuyTpu u BHE MOAyA -
nopt (inout) TOJILKO Wire
14.| Ilpountaiite TekcT W ycTaHoBuTe cooTBeTcTBHe. K kaxaon | YK-6.Y.2
MO3UIUH, JaHHOW B JIGBOM  CTOJOIIE, noxdepure
COOTBETCTBYIOIIYIO TO3UIMI0O B TIPABOM CTOJOLE. 3aluIiuTe
BbIOpaHHbIe UG PHI TTOJT COOTBETCTBYIOIIUMHU OYKBAMH.
Cootnecure tun (aiina nmpoexrta B CAIIP Quartus c ero
Ha3HAYCHUEM.
Tun daiina Hasnauenue
1 Vector A OYHKIIMOHATBHOE U
Waveform/University BPEMEHHOE
Program File (VWF) MOJICTTUPOBAHUE C
IIOMOIIBIO
rpaduyeckoro
penakTopa
BPEMEHHBIX
Jarpamm
2 State Machine File b dopmupoBaHue
(.SMF) JarpaMMbI
COCTOSIHUH U rpada
IIEPEXO/I0B
KOHEYHOT'0
aBTOMara
3 Block B Pa3paboTka cxembl
diagram/Schematic yCTpOICTBa B
File (.BDF) rpaduIecKom
penaxkTope
4 Project File (.QPF) r OO0mmii daiin
MIpOEeKTa
15.| Ilpounraiite TekcT U ycraHoBuTe coorBercTBHe. K kaxmoit | YK-6.Y.2
NO3WLIMM,  JaHHOM B JeBoM  crosbie,  mozadepure

COOTBETCTBYIOUIYIO MO3MIHIO B TIPAaBOM CTOJIONE. 3amuIInTe
BBIOpaHHBIE IIUQPHI ITOJT COOTBETCTBYIOIIMMHU OYKBaMHU.

CootHecure nHCTpyMeHT npoektuposanust CAITP Quartus c ero




Ha3HAa4YCHUEM.

WHCTpyMEHT NPOSKTHUPOBAHUS

Haznauenue

1

Pin Planner

VYupasnenue
TPacCCUPOBKOM
(ManmuHroMm) BXOJOB
U BBIXOJIOB
paspabarsiBacMO
CXEMBbI Ha
(u3HUeCcCKre BBIBOIBI

FPGA

RTL Viewer

Busyanuszanus
CTPYKTYpBI

1 (pPOBOTO POEKTA
Ha OCHOBE
KOMOWHAIIMOHHOM
JIOTHKHU, PETUCTPOB U
WX CBS3CH.

MegaWizard Plug-in

IIpunoxenue c
rpaduyecKkum
uHTepdercom,
npeHa3HAYECHHOE JIJIsI
reHepanuu
Pa3IMYHBIX MOJYJICH
u3
CrieIMaTu3uPOBAHHBI
X 11a0JIOHOB —

MeraQ yHKIMM

Platform Designer

HNHcTpymeHT,
KOTOPBIN
IpeIHa3HaAYEeH JUIs
MHTErpanun
CHEeUAIN3UPOBaHHBI
X 1mabsoHoB — IP-
OJIOKOB — B €IMHOE
uudpoBoe
YCTPONCTBO

16.

[IpounTaiiTe TEKCT U YCTaHOBUTE COOTBETCTBUE. K KAk 101
MO3UIIMH, TAHHOH B JIEBOM CTOJOIE, TOA0epHUTe
COOTBETCTBYIOLIYIO TO3UIIMIO B IPABOM CTOJIOLE. 3aHILIUTE
BbIOpaHHBIE IIU(PHI [10]T COOTBETCTBYIOINIMMHU OYKBaMHU.

CooTHecHTe YTBEPKACHHUE O MPOIECCe N3MEHEHUSI 3HAUCHHSI
NIEPEeMEHHOM ¢ THITOM MPHCBAUBAHUS B SI3bIKE OMTMCAHHS
anmaparypsi Verilog.

Tun IMpUCBANBaHUA

Twun ma"HHBIX

1

HenpepsiBHOE

A

[ToBTOpPHBIN pacuer
IIEpEMEHHOM
MIPOU3BOIUTCS TIPH
W3MEHEHHUSIX JIF000TO
W3 CUTHAJIOB,
YYaCTBYIOIINX B

YK-6.Y.1




BBIPAXKEHUH, KOTOPOE
€€ OIKCHIBAET.

2 brokupyrormiee

b [Tepemennas cpazy

MEHSIET CBOE
3HaUYeHHE. 3HAUCHHUE
MOJKET OBITE
HECKOJIbKO pa3
MepenprucBOCHO
BHYTpH
IIOBEJICHYCCKOTO
070Ka.

3 Heb6nokupyromee

B [TepemenHnas menser

CBOE 3HAYEHHUE
TOJILKO B MOMEHT
BBIXOJIA U3
IIOBEIEHYECKOT0
0710Ka.

17.

[IpounTaiite TEKCT U yCTaHOBUTE COOTBEeTCTBUE. K KAk 101
MO3UIMH, TAaHHOU B JIEBOM CTOJOIIE, mo10epuTe
COOTBETCTBYIOIIYIO MO3UIMIO B IPABOM CTOJIOIE. 3aMUIINUTE
BbIOpaHHbIe UG PBI TIOJT COOTBETCTBYIOIIUMU OYKBAMH.

CooTtHecuTe ypOBEHb MPEACTABICHUS [U(PPOBOTO YCTPOICTBA C
ONKMCAHUEM YCTPOWCTBA HA IAaHHOM YPOBHE.

ypOBeHL MpCACTAaBJICHUA

YTBepxkeHue

1| IToBenenueckuii

A

[Tonnast unpopManus o
BHYTPEHHEM CTPOCHUU
KpHcTaia uudpoBoro
YCTPOMCTBA: pa3Mepsl
0a30BBIX 3JIEMEHTOB,
napaMeTpbl CUTHAJIbHBIX
JIMHUM, X PacIoJIOKEHUE HA
KpHUCTaJLIE.

2 | OyHKIIMOHATBHBIN

CxeMOTeXHUYEeCKOe
ONKMCAHUE YCTPOMCTBA C
MIPUMEHEHUEM TPAH3UCTOPOB,
PE3UCTOPOB, KOH/IEHCATOPOB
Y IPOBOJIAIIUX JIMHUM.

3 | Jlornueckuit

Ornncanue yCcTponcTBa B
BUJIe HAOOpa MpOCTEHIIINX
0a30BEIX JOTMYSCKUX
BEHTUJIEN U CBSI3EN MEXKIY
HUMH.

4 | DnexTpuyecKuii

BHyTpeHHss CTpyKTypa
MIPOEKTUPYEMOTO ITU(PPOBOTO
YCTPOMCTBA, COCTOSIIAS U3
OJIOKOB, IOBEICHNE U
CTPYKTypa KOTOPBIX XOPOIIIO
W3BECTHBHI.

5 | ®usznueckuii

«YepHBbIH AKK» C
W3BECTHBIM HHTEp(dericom
BHEITHIX KOHTaKTOB.

VK-6.V.1




18.| [IpounTaiiTe TEKCT U YCTaHOBUTE COOTBeTCTBHE. K Kaxkmoii YK-6.Y.2
MO3HIINY, TAHHOH B JIEBOM CTOJIOIE, TOI0epUTE
COOTBETCTBYIOLIYIO [TO3ULIMIO B [IPABOM CTOJIOLE. 3alHUILIUTE
BBIOpaHHBIE IIU(PHI 10T COOTBETCTBYIONIMMHU OYKBaMHU.
CooTHecuTe onieparop si3blka onrcanus anmnapatypsl Verilog c
€ro Ha3HaYeHUEM.
Omnepatop Verilog HDL Haznauenue
1| >> A | ApudMeTHuecKuii CIBUT
BIIPABO
2| << b Konkarenamus
3| <<< B | Apudmernueckuii ciur
BJIEBO
41 {3 I' | Jlornyeckuil cIBUT BICBO
5] >>> Ji| Jlornueckwuii ciBUT BIpaBo
19.| IlpounTaiiTe TEKCT U YCTAHOBUTE MOCIEI0BaTENbHOCTD. 3anuimuTte | YK-6.Y.1
COOTBETCTBYIOIIYIO MTOCIIEIOBATEIBHOCTh OYKB CJI€Ba HAIPABO.
YnopsgoubTe CIeayroIue 3Tanbl Pa3BUTHS APXUTEKTYPHI
IPOTrpaMMHUPYEMBIX JJOTMYECKUX UHTErPAIbHBIX CXEM B MOPSIKE
WX TOSIBJICHHSI OT PAHHETO K O3 JHEMY:
A) PLA
b) PAL
B) CPLD
') FPGA
) GAL
20.| ITpounTaiiTe TEKCT M YCTAaHOBHTE TIOCIIE0BATENFHOCTD. 3anumute | YK-6.Y.2
COOTBETCTBYIOLIYIO MTOCIIEI0BATEILHOCTh OYKB CJIeBa HAIPaBo.
Ynopsanousre Moaynu onucanus npoekra Ha [IVIUC,
peanuzyemoro B CAIIP, B mopsifike OT BBICILIErO ypOBHS HepapXun
K HU3IIEMY:
A) bazoBblil MOaYITh
b) Cyomonynb
B) I'onoBHO# MOyTB
') Moayns-o6omouka
21.| IIpounTaiiTe TEKCT M YCTAaHOBHUTE TIOCIIE0OBATENbHOCTD. JanumuTe | YK-6.Y.2
COOTBETCTBYIOIIYIO MTOCIIEI0BATEILHOCTh OYKB CJIeBa HAIPaBo.
YnopsaoubTe 3J€MEHThI ONUCAHHS MOYJISl HA SI3bIKE OMUCAHUS
anmapatypsl Verilog B mopsiike ot 00bsABICHUS] MOIYJIS JI0 €T0
3aKpBITHS:
A) OObsiBNIEHNE TOPTOB
Bb) OObsBieHne TOKATBHBIX TAPAMETPOB, CUTHAJIOB U
TIEpEMEHHBIX
B) Cunre3upyemble KOHCTPYKIMU
I') O6bsBreHnE TT100aTBHBIX TAPAMETPOB
22.| IIpounTaiiTe TEKCT M YCTAaHOBUTE MOCJIEA0BaTeNbHOCTE. Janummre | YK-6.Y.1

COOTBETCTBYIOIYIO IIOCTIEA0BATEIHLHOCTh OYKB ClieBa HalpaBo.

YnopsaoubTe 3Tansl NPOEKTUPOBAHUS LIU(POBOTO YCTPONCTBA HA
FPGA B nopsiike OT Hauaia NpOSKTHPOBAHHUS 0 €T0 3aBEPIICHHUS:




A) Cnemudukarus iudpoBOro yCTpOMCTBa.

b) ®yHkuMOHaNbHOE U CTPYKTYPHOE ONKUCAHUE YCTPONCTBA.
B) RTL-cunres.

I') ®yHKuMOHATBEHOE MOJICTUPOBAHKE.

J1) ®usnueckuii CUHTE3, pa3MEIICHUE U TPACCUPOBKA.

E) TectupoBanue u BepupUKaIHs.

23.

HquHTafITe TEKCT U YCTAHOBUTE IIOCIIEA0BATCIILHOCTD. 3anummTe
COOTBCTCTBYIOIYIO TOCIICAOBATCIBHOCTD 6yKB CJICBA HAIIpaBo.

VYnopsaoubte 3Tans! popMupoBanust HOBOro mnpoekra B CAIIP
Quartus B nopsiike OT Hayana HaCTPOUKH (haiiyia IpoeKTa 10 e€
3aBEPLICHMUS:

A) BBoj Ha3BaHus (¢ailyia NpoeKkTa, 00beKTa BEPXHETO YPOBHA U
BBIOODP TUPEKTOPHUU

b) Bri6op Tuna npoekra (IycToil Wi Ha OCHOBE CYILECTBYIOLIETO
¢aiina).

B) loGaBiienue (aityioB 1 moaAKIIOYECHUE OMOINOTEK B MIPOCKT
I') Bei6op tuna mukpocxems [TJIVC.

J1) Bb100op MHCTPYMEHTOB MOAEIUPOBAHHUS.

E) IIpoBepka kpatkoii HHPOPMAIIMU O HACTPOHKAX MPOCKTA.

VK-6.Y.2

24.

HpO‘IHT&ﬁTG TEKCT U YCTAHOBUTC ITOCIIECAOBATCIIbHOCTD. 3anummre
COOTBCTCTBYIOIYIO ITOCIICAOBATCIBHOCTD 6YKB CJICBA HAIIpaBo.

PaccraBpTe ypoBHU MpecTaBiIeHUs IU(PPOBOrO YCTPOUCTBA B
HOpsi/IKe OT HauMeHee a0CTPaKTHOrO K HanboJiee abCTpaKTHOMY:

A) IloBenenyeckuit
b) ®ynkunoHanbHbIN
B) Jlornueckuit

I') DnexTpuueckuit
J1) ®usnueckuit

VK-6.V.1

25.

[TpounTaiiTe TEKCT U 3aIUIINUTE Pa3BEPHYTHI 00OCHOBAHHBIH
OTBET.

Haiiqure ommoOKy B IPHUBEICHHOM OMTUCAHUK MOJYJISI TIOJIHOTO
BOCBMHPA3PSIHOTO MrdpaTopa Ha A3bIKE OIMMCAHUS aIapaTypsl
Verilog. OtBer obocHyiiTe.

1 module encoder

2 (input [7:0] a,

3 output reg [2:0] y);

4 always @(a)

5 begin

6 if (a=="7"b00000001) y = 0;

7 else if(a == 7b00000010) y = 1;

8 else if (a == 7"b00000100) y = 2;

9 else if (a == 7"b00001000) y = 3;
10 else if (a==7’b00010000) y = 4;
11 else if (a=="7’b00100000) y = 5;

12 else if (a=="7"b01000000) y = 6;

13 else if (a == 7’b10000000) y =7,
14 else y =3’bX;

15 end

VK-6.B.2




16 endmodule

26.| I[IpounTaiiTe TEKCT M 3alUIITUTE PAa3BEPHYTHI 00O0CHOBAHHBIN YK-6.B.2
OTBET.

Haiinute ommbKu B IprBeIEHHOM ONMTUCAHUU MOAYJIS CYETYMKA HA
s3bIKe onucanus annaparypsl Verilog. OtBer ob6ocHyiiTe.

1 module counter (clk, reset, enable, count);
2 input clk, reset, enable;
3 output [4:0] count;
4 reg [4:0] count;
5 always @ (posedge clk)
6 if ((reset == 1'b1) or (count == 4'd10)) begin
7 count <= 0;
8 end else if ( enable == 1'b1) begin
9 count <=count + 1;
10 end
11 endmodule
27.| IlpounTaiiTe TEKCT M 3alUIIATE PA3BEPHYTHII 0OOCHOBAHHBIN YK-6.B.1
OTBCT.

[TokakuTe, B UeM 3aKJIFOYACTCS Pa3IMIMe MEKIY PE3yIbTaTaMu
IPUMEHEHHS OITEPATOPOB apU(YMETHIECKOTO U JIOTHIECKOTO
casura Ha si3pike Verilog.

28.| IIpounTaiiTe TEKCT M 3aMUIIATE PA3BEPHYTHII 00OCHOBAHHBIN YK-6.B.1
OTBET.

HOKa)I(I/ITe, B UCM 3aKJIIFOYACTCs PA3JIMYUC MCKAY PE3YyJIbTaTaMU
NPUMEHEHHUs OIepaTOpPOB MOOUTOBOrO U Jiornyeckoro M Ha s3bIke
Verilog.

29.| IIpounTaiiTe TEKCT M 3aMUIIATE PA3BEPHYTHII 000CHOBAaHHBIN VK-6.B.2
OTBET.

PacrimmmTe orpannyeHus Uit GYHKIMH Ha S3bIKE OMUCAHUS
anmapatypsl Verilog.

30.| IIpounTaiiTe TEKCT U 3aMULINTE Pa3BEPHYTHI 000CHOBAHHBIN YK-6.B.1
OTBET.

Pacriummre kimoueBbie 0COOCHHOCTH apXUTEKTyphl FPGA,
oTimyaromue ee ot apyrux [TJINC.

Kitoun mpaBuibHBIX OTBETOB Ha TecThl pa3meimieHbl B Ilpunoxenun 1 x PII u
HaxoaTcs y cnenuanuctoB no YMP kadenpst 41, 3amecturens 3aBeayrouiero kapeapoil u
PYKOBOAMTENST 00pa30BaTeNbHOM MPOTPaMMEI.

Cucrema OLIEHMBAHMS TECTOBLIX 3aJaHUM ITOoKa3aHa B Tabiwuie 18.1
Tab6muna 18.1 — Cucrema OLlEHUBAHNS TECTOBBIX 3aJaHUNA

Ne VYkazaHus 10 OLIEHUBAHUIO Pesynprar onieHMBaHuA
(Gasutbl, TOTyYSHHBIE 32 BBITOJIHEHUE \
XapaKTEepUCTHKA TPABUIILHOCTH OTBETA)




3agaHue 3aKphITOrO THUIA Ha
YCTaHOBJICHHE COOTBETCTBUS
CUHMTACTCS BEPHBIM, €CITU
YCTaHOBJICHBI BCE COOTBETCTBHS
(To3uIMU U3 OAHOTO CTOIOIA
BEPHO COIOCTABJICHBI C MTO3ULIUSIMU
JIPYroro CToJo11a)

[TomHOE COBMa/ieHUE ¢ BEPHBIM OTBETOM
oueHuBaercs | 6amiom, HeBEpHBIH OTBET
uu ero orcyrctBue — 0 6amioB (b0
YKa3bIBACTCS «BEPHO» \ «HEBEPHOY)

2 3alaHue 3aKpBITOTO THUIIA HA [TosHOE coBIIaZiEHNE C BEPHBIM OTBETOM
YCTAQHOBJICHHE olieHuBaercs 1 6aiom, eciiy JONYLIEHbI
IOCJIE0BATEIbHOCTH CUUTAETCS OMIMOKH WK OTBET OTCYTCTBYET — 0
BEPHBIM, €CITH [IPABIIBHO yKa3aHa | O0aJuIoB (OO yKa3bIBACTCS «BEPHONM
BCS1 MIOCJICZIOBATENILHOCTD (P «HEBEPHOY)

3 3agaHnue koMOMHUpoBaHHOrO Tuna | [lonHoe coBmageHue ¢ BEpHBIM OTBETOM
C BBIOOPOM OZHOTO BEpHOTO OTBETA | OleHHBAeTCs 1 6amioM, HeBEepHBIA OTBET
U3 YEThIpeX NPEeJIOKEHHbBIX U i ero orcyrcrsue — 0 6amioB (160
000CHOBaHHMEM BBIOOpA CYMTACTCS | YKA3bIBACTCS «BEPHO»\ KHEBEPHOY)
BEPHBIM, €CJIU PaBUIIBHO yKa3aHa
udpa U MpuBeIeHbl KOHKPETHBIE
apryMeHTBbI, UCIIOJIb3yeMble IIPU
BbIOOpE OTBETA

4 3ananue koMOMHUpoBaHHOro Tuna | [losHoe coBmazeHue ¢ BEpHBIM OTBETOM
C BBIOOPOM HECKOJIbKHX BapUAHTOB | OLEHHBAeTCs 1 06amioM, €Ciiu TOMyIIeHbI
OTBETA U3 MPEITI0KEHHBIX U OLIMOKM WK OTBET OTCYTCTBYeT — 0
pa3BepHYTHIM 000CHOBAaHHEM 0aiioB (100 yKa3bIBACTCS «BEPHON\
BbIOOpA CYMTACTCS BEPHBIM, €CIIU «HEBEPHOY)

NPaBWIBHO YKa3aHbI IUPPHI U
IPUBEICHbI KOHKPETHbIE
apryMEHTHI, UCTIOIb3yeMbIE TIPU
BbIOOpE OTBETOB
5 3aanue OTKPHITOTO THIA C [IpaBubHBIN OTBET 3a 33/laHUE

Pa3BCPHYTBIM OTBETOM CHUUTACTCA
BCPHBIM, €CJIM OTBET COBIIAAACT C
9TAJIOHHBIM IO COACPIKAaHUIO U
IIOJIHOTEC

orieHnBaeTcs B 3 Oana, eciiu A0MyIieHa
oJiHa OIIMOKa \ HETOYHOCTH \ OTBET
MIPAaBUJIbHBIN, HO HE TIONHBIH - 1 Gan,
ecii JromnyineHo 6osee 1 omuoOku \ oTBET
HeMpaBUWIbHBIN \ 0TBET OTCYTCTBYET — 0
0autoB (JTMOO yKa3bIBAETCS «BEPHOM\
«HEBEPHOY)

WNHCcTpyKIUs 110 BBITIOTHEHUIO TECTOBOTO 33/IaHHs HAXOAUTCS B Tabymie 18.2.
Tabnuna 18.2 - UHCTpyKIMs 10 BBIITOJIHEHUIO TECTOBOTO 3aJaHUs

Ne Tun 3aanus WNHucTpykuus
1 3amanue 3akppIToro Thna Ha | [IpounTaiiTe TEKCT M YCTAaHOBUTE COOTBETCTBUE.
ycTaHOBJIEHHE COOTBETCTBUS | K Kax /10 mo3unmu, 1aHHO| B JIEBOM CTOJIOILE,
o10epUTE COOTBETCTBYIONIYIO TO3UIIUIO B
IPaBOM CTOJIOLIE
2 3amanue 3aKkpbeITOoro Thna Ha | [IpounTaiiTe TEKCT U YCTAaHOBUTE
YCTaHOBJIEHHE MIOCJIE0BATEIBHOCTD
IOCIIEI0BATENBHOCTH 3anuIuTe COOTBETCTBYIOIYIO
MOCJIEIOBATENBHOCTh OYKB CJI€Ba HAIPaBO
3 3amanne koMmOMHUPOBaHHOTO | [IpounTaiiTe TEKCT, BRIOCPUTE MPABUITHHBIN

TUIA C BBIOOPOM OJTHOTO

OTBCT U 3allMIIUTC apIryMCHTHI,




BEPHOTO OTBETA M3 YETHIPEX | 0OOCHOBBIBAIOIIKME BHIOOP OTBETA
MPEUIOKEHHBIX U
000CHOBaHHEM BBIOOpA

4 3ananne koMOuHUpoBaHHOTO | IIpounTaiite TEKCT, BRIOEpUTE MTPABUIIBLHBIE
THUIIA ¢ BBIOOPOM HECKOJIBKUX | BapUaHThl OTBETA U 3AIIUILNTE apryMEHTHI,
BapHaHTOB OTBETA U3 000CHOBBIBAIOIIHNE BEIOOP OTBETOB

NPEUIOKEHHBIX U
pa3BepHYTHIM 00OCHOBAaHUEM

BBIOOpA
3) 3aiaHue OTKPBITOTO THUIIA C [TpounTaiiTe TEKCT U 3aIMILUTE Pa3BEPHYTHII
Pa3BEPHYTHIM OTBETOM 00OCHOBAHHBIH OTBET

[lepeueHb TeM KOHTPOJBHBIX PabOT MO MUCHUIUTHHE OOYYAIOIIUXCS 3a09HOU (hOPMBI
oOydeHus1, IpeacTaBieHbl B Ta0muie 19.

Tabmuna 19 — [lepedeHb KOHTPOJIBHBIX PadOT

Ne ni/mn IlepeueHb KOHTPOJIBHBIX PabOT

He npenycmorpeno

10.4. MeToguveckre  MaTepUaNbl,  ONPEACISAIONIAE  TPOUESAYPHl  OICHUBAHUS
WHAUKATOPOB, XapaKTEpU3YIOLIUX dTanbl (OPMUPOBAHHUS KOMIIETCHLUH, COJIEp)KaTcs B
JOKAJIBHBIX HOpMaTuBHBIX akTax [YAII, pernaMeHTUpYOIMX MNOPSIOK W MOPOLEnypy
MPOBEJICHUS TEKYIIEro KOHTPOJIS yCIIEBAEMOCTH U MPOMEKYTOUHOM aTTECTAllMH O0YyJarolInXcs
I'VAIL

11. Meroauveckue yKazaHus JJig 00y4JaroUXCsl IO OCBOSHUIO TUCIIUILIUHBI

11.1. MeTtoauueckre yka3zaHus [ OOYYalOIIMXCS [0 OCBOCHHUIO JIEKIIMOHHOIO
MaTepuaia.

OcHOBHOE Ha3HA4Y€HHE JIEKIIMOHHOTO MaTepuana — JIOTUYECKH CTPOMHOE, CHCTEMHOE,
riyOOKoe U SICHOE W3JIoKEeHHe yueOHoro marepuaina. HasHadeHune cOBpEMEHHOM JeKIuU B
paMKax JTUCUUIUIMHBI HE B TOM, YTOOBI MOJYYUTh BCIO MH(QOpPMAIMIO MO TEME, a B OCBOCHUU
(byHaaMeHTaNbHBIX MpoOJeM JUCHMIUIMHBI, METOJOB HAayyHOro IIO3HaHMS, HOBEWIIMX
JOCTHKEHUI HayyHOUW MbIcau. B yueOHOM mporiecce JIEKIHs BBIIOJIHSAET METO/I0JIOTMYECKYIO,
OpPraHU3alMOHHYI0 U MHPOPMALMOHHYIO (QYHKIMU. JIeKIUs packpbIBaeT MOHATUIHBIN anmapar
KOHKpETHOH oO0jacTu 3HaHUs, €€ MpoOJieMbl, AaeT LENbHOE MPEICTaBICHHE O JUCLUILIMHE,
MOKA3bIBAET B3aUMOCBS3b C IPYTUMU JUCLUIIIIMHAMH.

[InaHupyeMble pe3yibTaThl IPU OCBOEHUU 00YYaIOUIMMUCS JIEKIIMOHHOTO MaTepuaa;

— TIOJYyYEHHE COBPEMEHHBIX, LEJIOCTHBIX, B3aMMOCBSA3aHHBIX 3HAaHUH, YpPOBEHb
KOTOPBIX OINPEAEIAETCS LIENEBOIM YCTAHOBKON K KaKJJOM KOHKPETHOU TEME;

— TIOJy4yeHHE OMbITa TBOPUYECKOM pabOThl COBMECTHO C MPEIO/IaBATENEM;

— pa3BuTHE MNpPO(ECcCCHOHAIBHO-IEIOBBIX  KauecTB, JIIOOBU K  HOpeaMeTy U
CaMOCTOSITENIbHOTO TBOPUYECKOT'O MBIIITICHHUS.

— TOsBJIEHHE HEOOXOIMMOro HHTEpeca, HE0OX0AUMOTO I CAMOCTOSATEILHOU PadoTHI;

— TIOJy4YyeHHE 3HAaHUH O COBPEMEHHOM YPOBHE pa3BUTHSl HAyKM M TEXHUKHM U O
IIPOTHO3€ UX pa3BUTHs Ha OJMIKaMIINeE TO/IbI;

— HAY4YUThCS METOAMYECKH 00pabaThiBaTh MaTepuai (BBIAECNATH TIJIaBHBIE MBICTU U
MIOJIOKEHUS, MPUXOAUTh K KOHKPETHBIM BBIBOJAM, IIOBTOPSATh HUX B  Pa3jIM4YHBIX
(bopMyTUPOBKax);

— TOJIyueHHE TOYHOT'O TOHUMAaHHUS BCEX HEOOXOIUMBIX TEPMUHOB U TIOHSATHIA.




JIeKUMOHHBIA MaTepuall MOXKET CONPOBOXKIATHCA JAEMOHCTpPAUMEN CIIAIOB U
UCIIOJIb30BAaHUEM pa3aTOYHOrO0 MaTepuaja IMpH MPOBEIECHUU KOPOTKHX JHUCKYCCHUHl 00
OCOOCHHOCTSIX MPUMEHEHHSI OT/ICTBHBIX TEMATHK I10 TACIUTUIHHE.

CrpyKTypa npeocTaBieHus JEKIIMOHHOTO MaTepuana:

Paszoen 1. Bseoenue 6 npocpammupyemvie 102uyecKue uHmezpaibHble Cxemol

Tema 1.1. Cucmemvi-na-kpucmanne u IIJINC: octosHbie noHsamus u ucmopusi pazeumus.

[TonsiTHST «cHUCTEMa-HA-KPUCTAIe» U «IporpaMMUpyeMasi JIOTHYecKash HMHTerpaibHast
cxemay (ITJIMC). Uctopus passutus [IJIMC. Apxurektypsr PLA, PAL, GAL, SPLD, CPLD.

Tema 1.2. Ocobennocmu apxumexmypor FPGA. Kougueypupyemvlil noeuueckuii 6j0K.
Look-up tabley

Apxutektypa FPGA. Otmuumsa or CPLD. OcrtpoBhas apxutektypa u ASMBL.
Koudurypupyemsiii jgorumueckuii 6imok. Look-up table (LUT). IlIporpammuposanme LUT.
[Tpumeps! noruueckux eMeHToB FPGA pa3nnyHbIX ceMencTs.

Tema 1.3. Ocobennocmu apxumexkmypol FPGA. Bnoku 6600a-8v1600a, mpaccupogounvie
pecypcul, 610KU CneyuanrbHo20 HaA3HAYEeHUs]

brnoku BBOJa-BRIBOJJAa U HMX CBSI3b C KOH(PUTYpUPYEMBIMH JIOTHUECKMMH OJIOKaAMHU.
TpaccupoBoYHBIE pecypchl, HX BHIBL. biioku crienuansHoro HazHayenus: 6mounoe O3Y, 61oku
g poBoit 06padotku curHanos (LIOC), MukponporeccopHbie sapa, copT-POLECCOPHI.

Tema 1.4 Oboracmu npumenenus FPGA u nanpasienus pazeumusl.

[Tpumenenue FPGA: yctpoiictBa I[OC, BbICOKOCKOpOCTHAsi TMepefaya JaHHBIX,
peaym3anys HeHPOHHBIX MPOIECCOPOB W MOCIMPOBAHNE KBAHTOBBIX BBIUMCIICHH, 00pabOTKa
paauosiokannoHHoN uHpopmanyu. CoBepIICHCTBOBAaHUE TEXHOJOTHH mTpomn3BoacTBa:3D-FPGA,
SSI, EMIB. OnTtummuzanusi TpaccHpoBOUYHBIX pecypcoB. IloBbelmeHne ypoBHs aOCTpakuuu
onmucaHui ycTpoicTB. I[IporpamMmmupyemble CHUCTEMBl Ha KpUCTaIE IJs OpraHu3alud
BBICOKOTIPOU3BOAUTEIILHON 00pa0OTKH JaHHBIX.

Paszoen 2. Dmanwi npoexmuposanus yugpposoco ycmpoticmsa na FPGA

Tema 2.1. YpoBHM IPOEKTUPOBAHUS HUPPOBBIX YCTPOUCTB

IloBenenyecknii  ypoBeHb. DyHKIHMOHAIBHBIA ypOBEHb. JIOTMYECKHMH  ypOBEHb.
Onexrpudeckuil yposeHb. Ousndeckuil ypoBeHs. baznuc npoekTupoBaHus.

Tema 2.2 Omanvi npoexmuposanus yugposwvix ycmpoucme Ha FPGA. Cnocobwl
onucanus Yyu@dpoesuvix cxem

KvzHeHHbI MK 1H(POBON cUCTEMBI. DTallbl MPOEKTUPOBAHUS U(PPOBLIX YCTPOICTB
Ha FPGA. CnocoObl onucanusi HU(QpPOBBIX cxeM: rpaduyeckue M Ha S3bIKaX OIUCAHUSA
anmapatypsl. RTL-monemns.

Pa3zoen 3. Cpeoa asmomamuzuposannozo npoexmuposanus Quartus

Tema 3.1 Hauano pabomwi Hao npoexmom 8 CAIIP Quartus

Hawano pa6otrel mHam mpoektom B CAIIP Quartus. YcraHoBka u co3gaHHE TEPBOTO
IIPOEKTA.

Tema 3.2. Ymunumul ons onucanusi yughposulx ycmpoticms 6 cpede Quartus

Vrumurel s onvcanus nudpossix yerpoiicte B CAIIP Quartus. State Machine viewer. RTL-
viewer. Pin Planner. Modelsim.

Tema 3.3 Ilpoexmuposarnue cxemvl npocmetiuieco Yu@pposo2o yCmpoucmaea ¢ NOMOUbIo
epaghuueckozo peoaxmopa cxem 6 Quartus

[IpoexTpoBanue mNpocTeHero HU(POBOro YCTPONMCTBA W3 JIOTMUECKUX BEHTUIEH C
noMomelo rpapudeckoro penakropa Quartus. Peanmsanumss Ha mpuMepe BceX OTaroB
npoekTupoBanus. [IpoBepka TabMUIBI UCTUHHOCTH IMOJIy4€HHOro ycTpoiictBa. I[lpumenenue
MerayHKIIMK KaKk TOTOBOTO IU(POBOTO PYHKIIMOHAIBHOTO OJIOKA.

Pasoen 4. Beeoenue 6 sizviku onucanust annapamypol (HDL)



Tema 4.1 Ucmopus eosnuxnosenus HDL, ocnoenvie nonamusi u 6a3oevle KOHYEnyuu.
Hepapxusa npoekma na HDL

Ucropust BozuukHoBeHusi HDL, ocHoBHbIe mousaTHs U 0a3oBbie koHuenuuu. AHDL,
VHDL, Verilog HDL. Uepapxus npoekra Ha HDL. Moayns Kak OCHOBHAs €IMHHUIIA HEPAPXHUH.
Cunresupyembie Moayau. Cpea TeCTUPOBAHUS.

Tema 4.2 Azvik onucanus annapamypul Verilog HDL.

Ocobennoctn u ommuust Verilog HDL. Cunrakcuc. Tunbl manubix. KiroueBblie
omeparopsl: assign, always, if-else, case u ap. ChnmcoK YyBCTBUTEIBHOCTH MOYIIS.
HemnpepsiBHOe, Onokupytomee u Hebmokupyromiee npucBauBanue. Cranmapt SystemVerilog.
Pemenue nmpocreimux 3ama4 mporpaMMupoBanust Ha si3bike Verilog HDL.

Paszoen 5. Ilpoexmuposanue croxcuwvix yugposvix ycmpoticms Ha FPGA ¢ npumeneruem
A3bIKOG ONUCAHUSL ANNAPAMYPbl

Tema 5.1. Ilpunyunvr npoexmuposanus ycmpoticme na FPGA ¢ npumenenuem s3v1k08
ONnUCaHUs annapamypbl

KintoueBble NpUHIMIOBI  MPOCKTHPOBAHHWS Ha  S3bIKAX  ONUCAHUS  almaparypsl.
[Mapannenu3m kak 6a30BbIi MPUHLIUI MPOESKTUPOBaHMS IU(PPOBBIX ycTpoiicTB Ha FPGA.

Tema 5.2. I[Ipoexmuposanue yughposvix pyHKYUOHATILHBIX Y3108 KOMOUHAMOPHOU 102UKU
na Verilog HDL.

[TpoextupoBanre 1UGPOBHIX (YHKIUOHATBHBIX Y3JI0B KOMOMHAIIMOHHOW JIOTHMKH Ha
Verilog HDL: «ommaparop, cymmarop, mudparop, gemmdparop, MYJIbTHILICKCOP,
JIeMYJIbTUILIEKCOD, IpeoOdpa3oBaTesb Koja u Jp.

Tema 5.3. I[Ipoexmupogarnue yughposvix pyHKYUOHATLHBIX Y3108 NOCIE008AMENbHOCHHOU
noeuxu Ha Verilog HDL.

[TpoexTrpoBanne MU(PPOBHIX (HYHKIMOHAIBHBIX Y3JIOB IOCIEJOBATEIHHOCTHOW JIOTHKH
Ha Verilog HDL: tpurrep, peructp, cd4eT4uk, MOayJb HaMATH, MOAYJIb CU€Ta U Jp.

Tema 5.4. bBubruomexku comogvix komnonenmos na Verilog HDL.

[Tabmonbl. MeragyHKIMHU Ha S3bIKE ONMMCaHuUs anmnaparypsl. |P-sapa.

Tema 5.5. @yuxyuu, 3a0avu u cyenapuu. Ux npumenenue 6 npoexkmuposanuu na FPGA

OyHKIUY, 331241 U CLIEHAPUU: OTIMYUS, OCOOCHHOCTH, IPUMEHEHHUE B POEKTUPOBAHUH
yctpoiictB Ha FPGA.

Tema 5.6. Ilooxkniouenue nepugeputinvix ycmpoticme k FPGA.

[Tonkmtouenue nepuepuiiHbIX YCTPOMCTB (KHOMKH, JUCILIEH, T€HEpAaTOPhl CUTHAJIOB U
ap.) k [IJIMC na npumepe oTinanouHoi miatel Terasic DE2-115.

Paszoen 6. Tecmuposanue u eepughuxayus yu@dposvix cxem Ha sA3bIKE ONUCAHUSL
annapamypwi Verilog HDL

Tema 6.1. Ocnogul pyHKyUOHANILHOU 6epugpuKrayuu

TectupoBanue u Bepuduxanus. DOyHkuMoHaNbHas Bepudukauuga. OcoOeHHOCTH
Bepudukanuu Ha Verilog HDL. [Tnan rectupoBanus u Bepudukamum padboThl yCTPOUCTBA.

Tema 6.2. Testbench kax OCHOBHOU UHCMPYMEHM MECMUPOBAHUS U Bepudpurayuu
yughposozo ycmpoticmea Ha FPGA.

TectoBsiit MoayIb (testbench) u ero mecto B nepapxuu npoekta. OCHOBHBIC ONIEPATOPHI,
ucrosib3yemble JUIsl HanucaHus testbench.Onucanue nudpoBsix curHanoB. OnucaHue Tecta u
paboTa ¢ CUMYIIATOPOM.

Kypc pazmenién B cucteme nucranimonnoro ooyuenus I'YAIT (CHO 'Y AII).

Meronuyeckue yka3aHHsl 110 OCBOCHMIO JIEKIIMOHHOTO MaTepuaja MUMEIOTCS B CUCTEME
muctanimonHoro ooyuenusst ['YAII (CHO T'YAII). JlekuuoHHBI Marepual AMCHUILIMHBI
NPECTaBISIETCA ¢ MPUMEHEHUEM DJIEKTPOHHOTO OOyUeHHsI, TUCTAHIIMOHHBIX 00pa30BaTeIbHBIX
TEXHOJIOTHH (OHJIAH-KYpPC).



11.2. Metoauueckue ykasaHHs Jis OOYYalOLIMXCS IO y4acTHIO B ceMHHapax (we
npeoyCMOmMpPeHo Y4eOHbIM NAAHOM NO OAHHOU OUCYUNIUHE)

11.3. Meroauueckue ykasaHus 11 OOy4aroIUMXCs MO HMPOXOXKICHUIO MPAaKTHYECKUX
3aHATHI

IIpakTuyeckoe 3aHATHE SBISETCS OAHOM M3 OCHOBHBIX (hOpPM OpraHM3aluu y4eOHOTOo
npoliecca, 3aKII0YaloIascs B BBITOJTHEHHN 00YyYaIOIIMMUCS 0T PYKOBOJCTBOM IPEIO1aBaTeNs
KOMILIEKCa YYEOHBIX 3aJaHUH C LENbI0 YCBOEHHMsS HAyYHO-TEOPETUYECKHX OCHOB Yy4eOHOMH
JUCHUTUTMHBL, TPUOOPETEHHs] YMEHU M HaBBIKOB, OIBITa TBOPUECKOM IS TEIHHOCTH.

Iesbro NPakTUYECKOro 3aHATUSA JUIsl 00y4aroIIerocs sBIsAETCs NPUBUTUE OOyUYaIOLIUMCS
YMEHMM U HaBBIKOB MPAKTUYECKOU EATEIBHOCTH 110 U3y4aeMOU JTUCIUILINHE.

[Tnanupyemsble pe3yabTaThl TP OCBOEHUH 00y4YarOIIUMCS PAKTUYECKUX 3aHATUI:

— 3aKperuvieHue, YriayOJieHue, pacIIupeHue M JeTalu3alis 3HAHWHA IPH pEIIeHUH
KOHKPETHBIX 3a]1a4;

— pa3BUTHE IIO3HABATEJBHBIX CIOCOOHOCTEH, CaMOCTOSITEIbHOCTH  MBIIUIECHUS,
TBOPYECKOIN aKTUBHOCTH;

— OBJAJCHME HOBBIMM METOJAaMH M METOJUKAMH M3y4YEeHUs KOHKPETHOW yueOHOM
JUCLUIUIMHBI,

— BBIpAa0OOTKAa CIIOCOOHOCTH JIOTMUECKOTO OCMBICIECHMSI IOJYyYEHHBIX 3HAHUW IS
BBITIOJTHEHMS 3aJJaHHI;

— olecredyeHue palMOHAIBHOIO COYETaHMs KOJIJIEKTMBHOM M MHIUBUAYAJIbHOU (GopM
o0OyueHusl.

TpebGoBaHusl K IPOBEJACHUIO IPAKTUYECKUX 3aHATUN 5 cemecTpa:

Crynenram TpeOyercs BBIIOIHUTD CIEAYIOUINE IPAKTUYECKUE paOOTHI.

1. BsezeHue B mporpamMmHpyeMble JIOTHUECKUE HHTErpanbHble cxeMmbl. OcoOeHHOCTH
paznuuHbIX apxutektyp [TJIMC

2. OCHOBBI aBTOMAaTU3UPOBAHHOT'O MPOEKTUPOBaHUS U(PPOBLIX ycTpoiicTB Ha FPGA

3. Pa3zpaboTka KOMOMHAIIMOHHOTO YCTpoiicTBa B rpaduueckom pemakrope CAIIP
Quartus

4. Pa3paboTka mocCIe10BaTEIbHOCTHOIO yCcTpoiicTBa B rpaduueckom penaktope CAIIP
Quartus

5. PazpaboTka MOIynsi CUETHOTO YCTPOMCTBA C 33JaHHBIM aJIrOPUTMOM palbOTHl B
rpapuueckom penakrope CAIIP Quartus

6. Pemenue 3ama4 mporpaMMHpOBaHUS Ha sI3bIKE OnUcaHus anmaparypbl Verilog HDL

CrynenTtam TpeOyeTcsi MPe0CTaBUTh OTYETHI TT0 MpakTuYecKkuM padoram Ne 1-4, Tak kak
HaBBIKU U YMEHMS, IOJTYUYEHHBIE TIPU BBIITOJHEHUU 3TUX paboT, IOMOTYT pealn30BaTh MPaKTHKO-
OpPUEHTUPOBAHHBIN MPOEKT 6 ceMecTpa. B 3aBUCMMOCTH OT ypOBHS M IOJTHOTHI PACKPBITUS TEMBI
CTYAEHTBI MOTYT HOJY4YHTh OT | 10 5 GaysioB 3a BBIOJHEHHE Kaxaoro 3anaHus. HaOpanHble
Oayibl CyMMHPYIOTCS M (OPMHUPYIOT HMTOTOBBI Oajl MpU BBICTABIEHUU MPOMEXYTOUHOM
aTTecTalluy Mo AUCLUUILIMHE B 6 cemecTpe.

[IpakTueckue 3aHATUS TPOBOAATCS C MPUMEHEHHEM DJJIEKTPOHHOIO OOyuYeHwus,
JUCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJOTMH (OHJIANH-KYpC) M OOJIAUHBIX MPOrPAaMMHBIX
UHCTPYMEHTOB.

TpeboBaHust K MPOBEICHUIO MPAKTUYECKUX 3aHATUN 6 ceMecTpa:

CrynentaM TpedyeTcs BBIOJHUTH CIEIyIONUe TPaKTHUECKUE paboThI.

1. Pa3paborka komOuHannoHHbIX ycrpoiicTB Ha Verilog HDL B CAIIP Quartus

2. Pa3zpaboTtka mocnemoBaTenbHOCTHBIX ycTpoiicTB Ha Verilog HDL B CAIIP
Quartus




3. Pa3zpaboTka MOIyNs CYETHOTO YCTPOICTBA € 3alaHHBIM AITOPUTMOM pabOTHI Ha
Verilog HDL B CAIIP Quartus

4. TectupoBaHue MOAYJIS CYETHOTO YCTPOMCTBA C 3alaHHBIM aJTOPUTMOM pPabOTHI B
CAIIP Quartus

CryneHtaMm TpeOyeTcs IpeloCTaBUTh OTYETHI [0 MpakTHyeckuM padotam Ne 1-4, Tak kak
HAaBBbIKW U YMCHUS, ITOJIYUCHHBIC IIPH BBIIIOJITHCHUHN 3TUX pa60T, MMOMOT'yT p€aJIn30BaATh IIPAKTUKO-
OpPUEHTHPOBAaHHBIN MPOEKT 6 cemecTpa. B 3aBUCHMOCTH OT ypOBHS M MOJHOTHI PACKPBITHS TEMBI
CTYJEHTBI MOT'YT MOJY4YUTh OT 1 10 5 0ayuioB 3a BHINOJHEHHE Kakaoro 3aganus. HaOpanHbie
0auibl CyMMHpPYIOTCS U (OPMHUPYIOT HTOrOBBIM Oania MHpU BBICTABIEHUM IMPOMEXKYTOYHOMH
aTTecTally 10 AUCIUIUINHE B 6 ceMecTpe.

[IpakTudyeckue 3aHATHA MPOBOAATCS C IPUMEHEHUEM DHIIEKTPOHHOIO OOyueHwus,
JTUCTaHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJOTMH (OHJIANHH-KYpC) M OOJIAYHBIX MPOTPAMMHBIX
UHCTPYMEHTOB.

[Ipu cocraBieHHH OTYETa IO BBHITOJHEHUIO BBHIICTICPEUHCICHHBIX MPAKTUYECKUX padoT
IpeIyCMOTPEHA CIICYIONas CTPYKTYpa:

1. TUTynbHBIN JHCT

2. L{enb paboTHLI.

3. YcnoBue 3aaHus IO BAPUAHTY

4. OcHOBHOE cofiep)KaHue, BKIIOYAIOIIEEe JEMOHCTPAIMIO BBHIMOJIHEHHOTO 3a/IaHUs:

JIOTMYECKUE BBIPAXKEHUS, CXEMbl YCTpOHCTBa B rpaduyeckoM ¢opmare i 3anaHuii Ne3-5 5
ceMecTpa, IporpaMMHble KoJibl aiis 3ananHust Ne6 5 cemectpa u Nel-4 6 cemecTpa, BpeMEHHbIE
JMarpaMMBbl paboThI cXeMsbl B cpene Quartus.

S. BriBog B (dopmare scce, B KOTOPOM CIIyIIaTeNb pacKpbIBAaeT Ha3HAYCHUE
BBITTOJIHEHHOM paboThl, KaKMe HAaBBIKK OH MTPHOOPEIT B IPOLIECCE €€ BHITOTHEHHS.
6. Cnucok HCMONb30BAaHHBIX HCTOYHMKOB (HAa BCE MCTOYHUKH JOJDKHBI CTOSATH

CCBIIIKH B TCKCTC OT‘-IeTa).

OpnHo3HauHas NPUHAUIEKHOCTh OTYETA CTYACHTHI ONpEAEIeHa TEM, YTO OTUET MOXKET
obrTh OMeteH B ciot 3aaanus CI1O I'YAII Tonpko mocie aBTopu3alii CTyJEHTa B CUCTEME.
[Ipu ycnemHoM MPOXOXKICHUM TECTOB HE TpeOyeTcs BBIMOJHEHUE IMPAKTHYECKUX pPadoT 1o
COOTBETCTBYIOIIMM TeMaM. HaOpaHHble Oayuibl CyMMUPYIOTCSI U (POPMUPYIOT WTOTOBBIM Oait
IIPY BBICTABJIEHUU ITPOMEKYTOUYHOM aTTECTALMHU IO TUCLUIUINHE.

Kpome mnpakTHueckux pabOT B 6 ceMecTpe CTYASHTHI BBIOJIHSIOT TPAKTHKO-
OPHEHTHPOBaHHbI  MPOeKT.  Ero  BbIMONHEHHE  00sA3aTENBHO  JUIT  MOJYYCHUS
maddepeHmpoBaHHOTO 3aueTa 1Mo AMCHUILIHHE. [IpaKTHKO-OpUEHTHPOBAHHBIA MPOEKT MOXKET
OBITh BBITIOJIHEH WHMBUAYAJbHO WM B rpymmne. [Ipu BBIMOJHEHWH TPYIIOW CTYJICHTOB
OJTHOBPEMEHHO OY/IET MPOBEIECHO MOJICIMPOBAHUE IPOSKTHOM paboTHI 110 agile.

[IpakTHKO-OPUEHTUPOBAHHBIA MPOEKT MOJCIUPYET paboTy WHKEHepa B 00JacTH
pa3paboTKU CIIOKHOPYHKIIMOHATBHBIX OJOKOB MM KOMAaHIbl HH)XEHEPOB IO MPOCKTUPOBAHUIO
CIIOKHO(DYHKITHOHATIBHOTO yCTPOWCTBA, BBIOPAHHOTO CTYIEHTaMH CaMOCTOSITEIbHO W3 YHCIa
npeaokeHHbIX. Ha mepBoM atame paboTel TpeOyercss pa3paboTaTh CXeMy YCTpOWCTBa B
COOTBETCTBUHU C OINMCAHWEM, NPHUBEIEHHOM B 3aJaHuM, U H300pa3uTh ee RTL-omucanue B
rpadguyeckom penakrope cxem CAIIP Quartus wimm amarpammy cocTosHWEA B ytriaute State
machine viewer CAIIP Quartus. Ha BTOpoM 3Tame paboOThl 1O TPUBEICHHOMY B 3aJaHUH
OIMCAHUIO CTYIEHTaMH CO3JaeTcs MPOEKT 3aJlaHHOro ycrpoiictBa Ha s3bike Verilog HDL. Ha
TpeTheM JdTame paboThl CTYACHTHI COCTaBJISIOT TECTOBBIM IUTaH ISl pe3yJIbTaToOB
NPOCKTUPOBAHUSl YCTPOMCTBA, IIOJIYYCHHBIX Ha TEPBOM U BTOPOM JTale, C OINHCAHHEM
npoueaypsl TecTupoBanus. Ha 3ToM 3Tane Hy)KHO MPOAYMaTh CTPYKTYPY M HAlMCaTh TECTOBBIMA
moxayisb (testbench) na s3eike Verilog HDL. [donyckaercst mpoBecTd MpoLERypy TECTHPOBAHHS



0e3 nanmcanus testbench; Bmecto Hero B 3TOM ciydae mcmonbdyercs Qain ¢opmara VWI,
OJTHaKO MPUBECTH IJIaH TECTUPOBAHUS — 0053aTEIILHOE YCIOBUE.

Takum o00pa3oM, B XOJ€ BBIIOJIHEHUS TPAKTUKO-OPUEHTHPOBAHHOTO IPOEKTA
00yyaroIuicsl MOKaXeT HaBBIKM [0 OPraHMU3aLUU Ipoliecca MPOEKTUPOBAHUS YCTPOWCTBA Ha
[UINC apxutexktypsl FPGA, co3manust cpeisl Uisi IPOBEACHUS TECTHPOBAHUS, MPUMEHEHHS
Pa3IMYHBIX TEXHUK IPU MPOEKTUPOBAHUM U BIAJICHUs CHELUATU3UPOBAHHBIMU UHCTPYMEHTAMU
npoekTupoBanusl. [IperycMOTpeH BapyaHT BBIIOJHEHUS IPAKTUKO-OPUEHTUPOBAHHOIO IIPOEKTa
110 MH/IMBUYaJIbHOMY 3a/1aHUI0, KOTOPOE MOXET IPEUI0KUTh UHYCTPUAJIbHBIN apTHEDP.

HpI/IMepHHﬁ INEPECUYCHb TEM JIA BBIIIOJTHCHUA IMIPAKTUKO-OPUCHTUPOBAHHOI'O ITPOCKTA:

1) [TpoexkTupoBaHne TeHEpaTopa UMIYJIbCHOW MOCIEIOBATSILHOCTH C 33JaHHBIMU
CBOMCTBaMH.

2) [TpoexktupoBanne  apuPMETHKO-JTOTHIECKOTO  yCTPOWCTBA C  3aJIaHHBIM
AITOPUTMOM PabOTHI.

3) [TpoexkTupoBanme perucrparopa JaApede3ra KOHTAKTOB C 3aJaHHBIM aJTOPUTMOM
paboTHI.

4) [TpoekTupoBaHue BPEMSIU3MEPUTEIHHOTO YCTPOMCTBA C 3aJaHHBIM aJITOPUTMOM
paboTHI.

5) [TpoekTrpoBaHHE CEIEKTOPA UMITYJIBLCOB ONPEICIICHHON aMIUTUTYABI C 3aIaHHBIM
AITOPUTMOM PabOTHI.

6) [TpoekTHpoBaHWE CEIEKTOpa HMITYJIBCOB ONPEICICHHON JINTEIBHOCTH C

3aJlaHHbIM aJITOPUTMOM pa6OTBI.

[TpoekT 0OopMIISIOT CIICAYIOIIUM 00pa3oM:

— Ipe3eHTalus, pa3padoTaHHasl MO0 YCTAHOBJICHHOMY I1a0JIOHY,

— JIOMOJTHUTENIbHBIE MaTepHalbl, apTe(akThl TECTUPOBAHUS (IPH HEOOXOAUMOCTH);

— IIOSICHHUTCIIbHas 3allMCKa, B KOTOpOfI JOJI’KHO OBITH HpI/IBGJIeHI)I: 3aaHuC Ha IPOCKT,
pe3ynbTaThl  NPOEKTUPOBAHHUSA,  COMPOBOXKAA€Mble  CKPHUHIIOTAMH C  HEOOXOJUMBIMU
MOSICHCHUSIMHA, a TakKe KOJbl TporpaMM (MPEAOCTaBISIETCS IO  COTJIACOBAHUIO €
MPEToAaBaTeeM).

@opMoil  3amUTBl  MPAKTHUKO-OPUEHTUPOBAHHOIO  MPOEKTa  MOXET  ObITh
JIEMOHCTPAIIMOHHBIN 3K3aMeH (II0 COTJIACOBAHMIO C MPETIoIaBaTeIeM) WK KIacCHuecKas 3aIinuTa
C MpPEIOCTaBIEHUEM DPACUIMPEHHOIO OTYEeTa M JOKJIAJOM O pPe3ysbTaTax IMPOBEpPKH KadecTBa
TecTUpyeMoro oobekra. Ilo Wroram 3amMTH MPAKTUKO-OPUEHTHPOBAHHOTO TPOEKTA CTYICHT
MOeT HabpaTh 35 6auIoB.

KpI/ITCpI/II/I OLCHUBAHUSA IPAKTUKO-OPUCHTUPOBAHHOI'O IIPOCKTA.

1) CreneHb pacKpbITUS TeMbl (YPOBEHb MPOBEICHHOIO MPOeKTHpOoBaHus) — 15
6am1oB (5 GaJIOB AJIS MEPBOTO ATAra NPOeKTa, S At BTOPOTO U S JUIS TPETHETO).

2) [TocnemoBaTenbHOCTh W JIOTMKA W3JIOKEHUs Marepuaia (Halndue BHYTPEHHEH
pYOpHUKaIUH IJ1aB, JIOTHYHOCTb CTPYKTYphI) — 10 GamnoB

3) Odopmnenune n nHGOPMAIIMOHHOE COMIPOBOXKICHHUE pabOTH — 5 OaIIIOB.

4) YBepeHHas 1ojaya MaTepuasa MpoeKTa Ha 3alure — 5 0ayioB.

BmecTo 3amuTel  CTyA€HTaM MOXET OBITh MPEAJIOXKEH BapUaHT OICHHWBAHUS
IpernojaBaTesieM BCEX OTUETHBIX MaTepuHaioB 0e3 ydacTus CTyJeHTa C HCIHOJIb30BaHUEM
TEXHOJOrMM acuHXpoHHoro B3ammonercteusa C/IO I'VAIL. B sToM cilydyae BbICTAaBICHHBIE
pelTHHrOBBIE OB OYAET COMPOBOXKIATH KOMMEHTAPUI MpEeno1aBaTesl.

Kputepun onieHnBaHus 110 MaTepraiaM OLIEHUBAHUS CIIEIYIOIINE:

1) Ctenenb packphITHS TeMbI (YPOBEHB MPOBEACHHOTO MPOEKTHpOBaHMs) — 24 Gama (8
0aJuIoB ISl IEPBOTO 3Tama MPOeKTa, § JIsl BTOPOro U 8 AJIst TPETHETO).



2) IlocnenoBaTeabHOCTh M JIOTMKA U3JIOKEHHS Marepuaia (HaJuyue BHYTPEHHEU
pyOpHUKaI¥u T1aB, JOTHYHOCTh CTPYKTYphI) — 6 6amioB
3) Odopmienne u HHGOPMAITMOHHOE COMTPOBOXKICHUE paOOTHI — 5 OaIIOB.

Meronuyeckue yka3zaHUs IO BBIMOTHCHHIO NPAKTHYECKUX pPa0OT HMEIOTCS B BHUIE
3JIEKTPOHHBIX PECYPCOB B cucTeMe aucTaHiimonHoro ooydenus ['YAIT (CJ1O I'VAII).

11.4. Metoauyeckue Yyka3aHUsS MJIs OOYYaIOIIMXCS I10 BBIMOJTHEHHUIO JIA0OPAaTOPHBIX
pabot (e npedycmomperno yuebHviM NIAHOM NO OAHHOU OUCYUNTIUHE)

11.5. Meroauyeckue ykazaHus JUisi OOYYalOLIUMXCS MO TMPOXOXKIACHUIO KypCOBOTO
POCKTUPOBAHUS/BBINIOJHEHHS KYPCOBO# paboThl (He npedycmompeno yueOuviM NAAHOM RO
O0anHOU Oucyuniune)

11.6. Meroauueckue yKazaHus JUIsi 0OYyJaIOMIMXCS MO MPOXO0XKICHUIO CAMOCTOSTEIHLHOM
paboThI

B xone BbINOMHEHUSI CaMOCTOSITEILHOM PabOThI, 00yJarOUIUICs BBIMOIHAET paboOTy IO
3aJJaHUI0 U TIPU METOAMYECKOM PYKOBOJCTBE IpEroAaBaresisi, HO 0e3 ero HemocpeACTBEHHOTO
y4acTusl.

s oOyvarommxcsi 1Mo 3a04Hoil ¢opMe 00ydeHHs, caMOCTOsTENbHas paboTa MOXKET
BKJIIOYATh B Ce0s KOHTPOJIBHYIO paboTy.

B mporecce BBIMOIHEHHS] CaMOCTOSTENbHON paboThl, Yy oOydaromierocst (hopMupyercs
1enecoo0pa3Hoe IIaHUPOBaHUE pabovyero BpEMEHH, KOTOPOE MO3BOJISIET UM Pa3BUBAaTh YMEHUS
U HaBBIKM B YCBOGHHUM U CHCTEMaTH3allMU MPUOOpETaeMbIX 3HAHHM, O0O0ecreuynBaeT BBICOKUMN
YPOBEHb YCIEBAEMOCTH B IMEPHOJ OOY4YEHMs, NOMOraeT IOJYyYUTb HABBIKU IOBBIIICHUS
npo¢eCcCHOHATBHOIO YPOBHS.

MetoaudyeckumMi ~ MaTepualiaMM,  HalpaBJSIIOIIMMH  CaMOCTOSITENIbHYIO  palboTy
00yyaromuxcst ABJISIOTCS yueOHO-METOIMUEeCKU MaTepHal 1o JUCIHILIMHE.

Martepuansl I CaMOCTOSITENIbBHOM — pabOThl  MpEACTaBIEHbl C  MPUMEHEHHEM
AJIEKTPOHHOI'0 O0YYEHUs, TUCTAHLIMOHHBIX 00pa30BaTeIbHbBIX TEXHOJIOTHH (OHIAaH-KYpPC).

Kypc pazmenién B cucreme aucranimonnoro odyuenus I'YAIL (CAO I'VAII).

11.7. MeTtoauueckue yKazaHHus [UIsl OOYYaroIIMXCS IO MPOXOXKACHHUIO TEKYIIEro
KOHTPOJISI YCIIEBAEMOCTH.

Texkymuil KOHTPOJb YCHEBAEMOCTH NIPEIyCMAaTpPUBAET KOHTPOJIb KadecTBa 3HAHUU
00yYaroImuxcsi, OCyIIECTBISEMOIO B TEUEHUE CEMECTpa C IIeJIbI0 OLIEHUBAHMS XOJa OCBOCHMS
JTUCIUIUINHBI.

Texymuii KOHTPOJb YCIIEBAEMOCTH HPOBOAMTCA B BHJE KOMIIBIOTEPU3UPOBAHHOTO
TeCTHUpOBaHuUs B cucreMme auctanuuoHHoro ooyuenus ['YAII (CO I'VAII), cucremaTnueckoit
IPOBEPKH BBIMOJIHEHHBIX PAKTUYECKUX PadoOT.

OO0s13aTeNIbHBIM ~ TpEOOBaHWEM MO MPOXOXKACHUIO TEKYIIEro KOHTPOJIS —SBISETCS
MpOCMOTp HEe MeHee 75% JieKiui, ycremHoe npoxoxjaeHue e menee 60% mnpeaycMOTpEeHHBIX
TECTOB, a TaK)XK€ BBINIOJHEHUE 00S3aTENbHBIX MPAKTUUYECKUX PAadOT B KaxkaoM cemectpe. [lpu
IPOBEICHUH NIPOMEXKYTOUHOH aTTecTaluu OyayT yYTeHbl Oaisibl, HaOpaHHbIE TPU MPOXOXKICHUN
BceX (OpPM TEKYLIEro KOHTPOJISA: TECTOB U MPAKTUUECKUX 3aJJaHH.

11.8. MeToau4ieckue yKa3aHUs JUI OOyYarONIMXCS MO MPOXOXKICHHIO IMPOMEKYTOTHON
aTTeCTaIUU.

[IpomexxyTounast ~ aTTecTamsi  OOyJaroONIUXCs  MPEAyCMaTpuBaeT  OIICHUBAHUE
MIPOMEKYTOUHBIX U OKOHYATEIBHBIX PE3ylIbTaTOB OOYy4YeHHs MO muciuruiiHe. OHa BKIIIOYAET B
ceost:



— 3a4eT — 3To (opMa OLICHKH 3HAHUH, MOTYYCHHBIX OOYYAIOMIMMCS B XO/€ M3yUCHUS
y4eOHOM TUCIUILTIHBI B IIEJIOM HITH TIPOMEXYTOYHas (10 OKOHYAHHH CEMECTpa) OIICHKA 3HAHUHN
00yJarmUMCs 10 OTAEIBHBIM pa3fiesiaM TUCIUIUIMHBI C aTTECTAIIMOHHOW OICHKOW «3auTEHO»
WIN «HE 3a4TCHOY.

Jloist momy4yeHus 3a4eTa B 5 ceMecTpe cTyJieHTaM TpeOyeTcst HabpaTh 6osee 55 6amioB u

MPONTH UTOTOBBIN TecT, Oayibl 32 KOTOPBIA BXOIAT B TpeOyeMmble ISl MOJIy4YeHHs 3adera 55
O6ayutoB. MakcuMallbHBIA Oamn 3a uTOroBeli Tect — 20 GamioB. B ciydae HemocTaTOYHOTO
KOJIMUeCTBa OaJJIOB JJI MOJY4YeHHs] 3ayeTa B 5 ceMecTpe, CTyAeHTaM OyaeT NpeasioKeHO
NPOITH paCHIMPEHHOE TECTUPOBAHUE 110 00YYAIOIIEMY MaTepHUaTy CEMECTpa.

— auddepeHunpoBaHHbI 3auyeT — 3T0 ¢dopMa OLEHKU 3HAHUM, MOJYyYEeHHBIX
0o0y4JarmuMcsl TpU U3YYEHUU AUCHUILTUHBL, TPU BBIMOTHEHUHA KYPCOBBIX IPOEKTOB, KYPCOBBIX
paboT, Hay4HO-HUCCIEA0BATEIbCKUX PAOOT U MPOXOKICHUH MPAKTUK C aTTECTAllMOHHON OLIEHKOU
«OTJIIMYHOY, «XOPOLIO», «yIOBIETBOPUTEIBHOY, «HEYI0BIETBOPUTEIHLHO.

Jnst momydeHust nudGepeHIMpoBaHHOTO 3aueTa B 6 ceMecTpe CTyACHTaM TpeOyercs
HaOpatb Oojee S5 pPEUTHUHTOBBIX OalJIOB B TEYEHHE CEMECTpa B COOTBETCTBUE C
MOJlyJIbHOpeUTHHIOBOM cuctemoit oneHuBanus 'Y All, onpenenennoit MJ10 I'VAIL CMK 2.77
«[lonoxeHnne o0 MOIYJIbHO-PEUTUHTOBOM CHUCTEME OIIEHKHM KauecTBa Y4eOHOHl paboThl
oOyuaromuxcst B ['YAII», mpoiitu utoroBblii TecT (Oamibl 3a KOTOPBIM BXOAAT B Oaluibl,
HaOpaHHBIE 3a CEMEeCTp), NPOBEPSIONINI YpPOBEHb CHOPMHPOBAHHOCTH KOMIETCHLIUN, U
BBIMIOJTHUTH MPAKTUKO-OPUEHTUPOBAHHBIN MTpoeKT. KonnuecTBo GanoB, HAOpaHHBIX MPH 3aIIUTE
IIPaKTUKO-OPUEHTUPOBAHHOIO MPOEKTA TAKKE BXOAUT B CyMMAapHbIA HUTOTOBBIA PEUTHMHIOBBIN
Oamn. Eciu Bo Bpemsi 00ydeHHs B CeMECTpe CTYACHT HE CMOT HaOpaTh TpeOyemMoe KOJHYECTBO
0aJToB, TO eMy OyJeT MPEII0KEHO MTPOUTH PACIITUPEHHBIN TECT MO TUCIUILIAHE.

Jlis mnepecuera PpPEWTHMHIOBBIX OayioB B YETHIPEXOAUIbHYIO CHUCTEMY JEHCTBYET,
YTBEP)KJCHHAs B By3€ IIKaJla IlepecyeTa:

MeHee 55 0anioB — HeyI0BJIETBOPUTEIBLHO (2);

oT 55 10 69 6ann0B — yAOBIETBOPUTENHHO (3);

ot 70 no 84 6annoB — xoporio (4);

ot 85 no 100 6anmnoB — oTiin4HO (5).

HTorosas olieHKa BBICTABISIETCS CTYJEHTY B YeThIpeX0allIbHOM crucTeMe B COOTBETCTBUU
¢ MJ1IO IT'VAIIL CMK 2.77 «IlonoxeHue 0 MOIyJIbHO-PEHTHHIOBOM CHCTEME OLIEHKHU KauecTBa
yueOHoi paboTsl oOyuatomuxcs B 'Y All».



Jluct BHeceHUs U3MEHEHUH B pabouyto MporpamMmy JUCIHUILIAHBI

JlaTta BHECEeHUs
N3MEHCHHH 1
JIOTIOTHCHUH.

IToanuce BHECHIETO
A3MEHEHHUS

Coneprxanne N3MEHEHHH W JOTIOTHEHUI

JlaTa 1 Ne

MPOTOKOIA
3aceaHus
Kadeapsl

Ionmuce
3aB.

kadempoit




